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Aspergillus nidulans thioredoxin-like protein functions under hypoxic conditions 
Hiroyuki  Abe1*, Shunsuke   Masuo1, Naoki   Takaya1 


 
1Faculty of Life and Environmental Sciences , University of Tsukuba, Japan 


  
Thioredoxin (Trx) is an anti-oxidant protein and characterized by the CXXC amino acid 
sequence motif constituting an active site. Trx is ubiquitous among organisms and its 
function is conserved across taxa including fungi, plants and animals. Recently, we found that 
the model filamentous fungus Aspergillus nidulans induced expression of genes encoding 
Trx-like proteins under low-oxygen (hypoxic) conditions although their physiological 
function are still unrevealed. One of the fungal Trx-like proteins AN6915 has unique domain 
structure comprised of PUL and PPPDE domains for predicted ubiquitin hydrolase activity as 
well as the redox active Trx domain. In accordance, recombinant AN6915 protein de-
ubiquitinated proteins and reduced peptide disulfide in vitro. We generated deletion mutants 
of AN6915 via homology-dependent gene replacement. The deletion mutant (∆AN6915) 
grew more slowly in the presence of various oxidants except for hydrogen peroxide than wild 
type strain (WT). ∆AN6915 exhibited aberrant pattern of cellular protein accumulation under 
the hypoxic conditions. The AN6915 protein bound to protein encoded by AN7254. AN7254 
is an ortholog of the yeast Cdc48p, which is a crucial chaperon-like ATPase for degrading 
ubiquitinated proteins. These results indicated that fungal AN6915 responds to oxidative 
and/or hypoxic environment and controls ubiquitin metabolisms and cellular protein 
degradation.  
  
Keywords: hypoxia, thioredoxin, ubiquitin 
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Hydraulic coupling and energetic constraints on fungal growth 
Luke   Heaton1*, Mark   Fricker1, Nick   Jones2 
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Fungal growth involves the apical extension of hyphae, and the growth of fluid filled vessels 
necessarily involves the movement of fluids, and the resources they contain. We propose that 
aspects of fungal foraging behavior may be explained by the interplay between asymmetric 
growth rates and the resulting asymmetries in rates of resource delivery. We note that fungi 
must expend energy transporting materials to the hyphal tips, but they must also expend 
energy maintaining the mycelium, synthesizing proteins for growth, and producing digestive 
enzymes and transporters to uptake resource from their environment. These costs vary with 
the growth rate in different ways, which implies that there is a unique growth rate for 
maximising the amount of growth per unit of energy spent. Growing slower than this rate is 
not only inefficient, it also reduces the rate at which the fungus captures resource. Similarly, 
there is a unique growth rate which maximises the net amount of resource captured per unit 
time. Growing faster than this rate is inefficient, as it reduces the net amount of resource that 
the fungus captures. These maximum and minimum growth rates vary with the resource 
environment. Furthermore, the energetic constraints we analyse impose limits on the way that 
energy is allocated to maintenance, growth, transport and digestion. In particular, our model 
predicts that fungi should never spend more than half their energy budget on digestive 
enzymes, and when fungi are growing at the optimally efficient rate, they will expend more 
energy on maintenance costs than transport costs.  
  
Keywords: fungal growth, energetic constraints, transport, biophysics, water uptake 
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Mechanical stress sensing in Epichloë fungal symbionts during colonization of grasses 


K. G. Sameera, Ariyawansa1*, Rosie E Bradshaw2, Neil A.R. Gow3, Nick D. Read4, Richard D. Johnson1, 
Duane P.   Harland5, Christine R.Voisey1 
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3School of Medical Sciences, University of Aberdeen, United Kingdom 
4Manchester Fungal Infection Group, University of Manchester, United Kingdom 
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Epichloë festucae is a seed-transmitted endophytic fungal symbiont that grows within the 
intercellular spaces of temperate grasses. Colonization of seedlings occurs when hyphae in 
the shoot apical meristem invade developing leaves and then extend via intercalary growth (a 
highly unusual mechanism of division and extension in non-apical compartments). We 
hypothesise that intercalary growth is stimulated by mechanical stretch imposed by 
attachment of hyphae to elongating host cells, and that this stress is sensed by mechano-
sensors located on hyphal membranes. Deletion of mid1 (a known yeast mechano-sensor and 
calcium channel protein) in E. festucae resulted in a reduced colony radial growth rate in 
culture, aberrant hyphal walls and a limited ability to infect host plants, confirming the role 
of mid1 in hyphal growth and host colonization. A technique to stretch intercalary hyphal 
compartments in-vitro has been developed. Intercalary compartments of wild type hyphae 
remain viable despite being stretched approximately 20% of their original length. Studies are 
underway to characterise synthesis of new cell wall, septation and calcium signalling in 
intercalary compartments when subjected to mechanical stress, and the response of the 
∆mid1 deletion mutant under the same conditions. 
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CAT fusion in Fusarium oxysporum and the role of Ca2+ signalling 
Smija M. Kurian1*, Antonio Di Pietro2, Nick D. Read1 
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Colony establishment and the early stages of infection in filamentous fungi involve 
germinating spores forming germ tubes. Germination is commonly accompanied by the 
formation of specialized cell protrusions called conidial anastomosis tubes (CATs) that 
generate fused networks of spore germlings. It was shown that CAT fusion in Colletotrichum 
lindemuthianum may facilitate horizontal chromosome transfer and genetic recombination 
which may be important for the emergence of new virulent pathogen strains (Ishikawa et al. 
2012, PLoS One). Calcium signalling and homeostasis are important in regulating numerous 
processes in filamentous fungi but their roles in colony formation and the initial stages of 
infection are little understood. Fusarium oxysporum is an important plant pathogen and an 
emerging human pathogen. We have used live-cell imaging to analyse the cytology of spore 
germination and CAT fusion in this fungus. Our results show that different nutrient and stress 
conditions influence CAT fusion. This provides important clues about the different signalling 
pathways that could be involved in the regulation of this process. We are presently analysing 
the role of Ca2+-signalling during CAT fusion.  
  
Keywords: Conidial anastomosis tubes, CAT fusion, calcium signalling, Fusarium 
oxysporum, tropic growth 
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Confocal imaging of ROS and NO during infection by Magnaporthe oryzae 
Mark Fricker1*, Marketa Samalova1, Sarah Gurr2 
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Plants respond to pathogen attack via a rapid burst of reactive oxygen species (ROS), whilst 
plant-derived nitric oxide (NO) triggers plant defence responses. However, ROS and NO are 
also produced by fungal metabolism and are required for development of infection structures 
in Magnaporthe oryzae. To understand fungal redox regulation better, we measured the 
amount and redox potential of glutathione (EGSH), as the major cytoplasmic anti-oxidant, the 
rates of ROS and NO production, and mitochondrial activity using multi-channel four-
dimensional (x,y,z,t) confocal imaging of Grx1-roGFP2 and fluorescent reporters during 
spore germination, appressorium formation and infection. High levels of mitochondrial 
activity and ROS were localized to the growing germ tube and appressorium, 
but EGSH remained highly reduced and tightly regulated. Furthermore, germlings were 
extremely resistant to external H2O2 exposure. EGSH remained highly reduced during 
successful infection of the susceptible rice cultivar CO39. By contrast, there was a dramatic 
reduction in the infection of resistant (IR68) rice, but the sparse hyphae that did form also 
maintained a similar reduced EGSH. We also show that M. oryzae produces NO and removal 
of NO delays germling development and reduces disease lesion numbers. We conclude 
that M. oryzae has a robust anti-oxidant defence system and maintains tight control of EGSH 
despite substantial oxidative challenge. Furthermore, the magnitude of the host oxidative 
burst alone does not stress the pathogen sufficiently to prevent infection in this pathosystem. 
Development of M. oryzae and initiation of infection are also dependent on fungal NO 
synthesis, but its mode of generation remains obscure. 


  
Keywords: reactive oxygen species, nitric oxide, Magnaporthe oryzae, confocal imaging, 
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Is co-inoculation with plant growth promoting bacteria and arbuscular mycorrhizal 
fungi increasing strawberry production yields (plant growth and fruit quality)?  


NASSIMA   Ait LAHMIDI 1*, Valeria   Todeschini2, Francesco   Marsano 2, Andrea   Masia2, Nadia   Massa2, 
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Arbuscular mycorrhizal fungi (AMF) colonize the roots of most terrestrial plant species, 
improving plant growth, through nutrient transfer, and resistance to stress and 
pathogens. Similarly, plant growth-promoting bacteria (PGPB) can increase plant yields. It 
has been shown that AMF can positively affect the quality of some crop products but there 
are only few data about the effect of the co-inoculation of individual species of AMF and 
PGPB on fruit quality.  In this work we report the testing of various combinations of AMF 
and PGPB, in pairs, on strawberry growth and fruit quality; thus in order to detect species 
(strain)-specific effects and investigate putative synergies. Three AMF (Funneliformis 
mosseae, Glomus viscosum and Rhizophagus irregularis)and three Pseudomonas strains were 
inoculated in pairs (all possible combination of 1 fungus + 1 bacteria) on Fragaria  
ananassa plants. Plant growth parameters (shoot and root dry weights), chlorophyll 
concentrations, number of flowers and fruits, fruit weight, size and pH were recorded. In 
addition quality parameters such as pH, fruit concentration of soluble sugars (sucrose, 
glucose and fructose), fruit concentration in vitamins (ascorbic and folic acids) and organic 
acids (malic, citric, quinic/tartaric) were determined. Strawberry plants responded differently 
in term of growth and fruit yields to the various combinations of AMF and PGPB. This 
resulted in fruits with different characteristics for the above mentioned parameters. Detailed 
results will be discussed. 
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Bacterial-fungal interactions of Mortierella elongata in the Populus rhizosphere 
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Recently efforts to understand Populus microbiome dynamics have yielded cultures of many 
plant-beneficial fungi, including Mortierella elongate (Mortierellomycotina). Mortierella 
elongata associates with diverse culturable and unculturable rhizosphere bacteria that 
alter growth and function of their fungal associates.  Some bacteria are free-living around 
root tips and are referred to as ‘mycorrhizal helper bacteria’ (MHB) because they aid in plant-
fungal interactions via nutrient acquisition and growth enhancement. Others are confined to 
living inside of fungal hyphal cells and cannot sustain life independently outside of their 
hosts. Examples of MHB and endosymbiont associatesof Mortierella are Burkholderia isolate 
BT03 and Glomeribacter sp. respectively. Our research goal is to use multiple -omics 
approaches to analyze interaction dynamics between M. elongata and these rhizosphere 
bacteria to answer the following questions: 1) What mechanisms are involved in 
establishment and maintenance of bacterial-fungal symbioses? 2) How do these interactions 
shape microbial genome evolution? These systems can be challenging due to their cryptic 
nature and difficulty of culturing some microbes. Tractability can be gained by clearing 
bacterial associates from fungi with antibiotics, and analyzing comparative growth of cleared 
and uncleared strains.  For culturable bacteria, experimental studies integrating 
transcriptomes, metabolomes, proteomes, and genomes can also provide additional insight 
into these symbioses. Identifying ancient conserved and unique derived attributes of 
beneficial microbial interactions will ultimately enable study of communities with maximal 
synergistic effects on plant growth, stress tolerance, and fitness.  
  
Keywords: Mortierella spp., endosymbiont, Burkholderia, Glomeribacter, Mycorrhizae 
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Deconstructing the polysaccharide matrix of the Magnaporthe oryzae cell wall 
Marketa   Samalova1*, Vincent   Bulone2, Sarah   Gurr3 


 
1Plant Sciences, University of Oxford, United Kingdom 
2KTH School of Biotechnology, AlbaNova University Center Stockholm , Sweden 
3BioSciences, University of Exeter, United Kingdom 


  
Fungi are the most prolific, wide-spread and damaging agents of plant disease. The rice blast 
Magnaporthe oryzae cell wall (CW) with its specific components is an excellent antifungal 
target. We investigate the enzymes ß-1,3-glucan glucanosyltransferases that are considered to 
split internally a ß-1,3-glucan molecule and transfer the newly generated reducing end to the 
non-reducing end of another ß-1,3-glucan. There are 5 putative glucan elongation (Gel) 
proteins, carrying the glycosyl hydrolase 72 domain (GH72) and a GPI anchor. However, 
only two of them, Gel3 and Gel4, carry a putative Carbohydrate Binding Module (CBM43). 
We generated single gene knockouts of all M. oryzae GEL genes and compared them with 
wild type sensitivity to cell wall and plasma membrane perturbants and to oxidative stress. 
Re-constructing the mutant strains with fluorescently-tagged proteins revealed Gel3 localises 
to the CW during spore development and invasion hypha growth while Gel4 showed CW 
localisation in spores and vegetative mycelia. Double KO ∆gel3∆gel4 does not display 
altered spore morphogenesis, penetration peg formation or pathogenicity in rice. 
Monosaccharide composition and linkage analysis of CW polysaccharides reveals only minor 
differences between the double KO and WT. Generating triple KO will allow us to further 
evaluate loss of cell wall remodelling enzymes and wall perturbant chemistries on spore 
development, surface architecture, polysaccharide composition and pathogenicity. 
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Functional analysis of cell wall degrading enzymes (CWDEs) in Magnaporthe oryzae 
Quoc   Nguyen1*, Hitoshi   Nakayashiki2 
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Several attempts with targeted gene disruption methods failed to reveal biological functions 
of fungal cell wall degrading enzymes (CWDEs), likely because of functional redundancy. 
To overcome this difficulty, an RNAi approach named the” building blocks method” in 
which a synthetic DNA of endoxylanases was developed for an artificial RNAi trigger, was 
used to knock down multiple xylanase genes to elucidate their roles in the pathogenicity of 
the blast fungus,Magnaporthe oryzae. qRT-PCR analysis revealed that the transcript levels of 
all the expressed xylanase genes were significantly reduced in knock-down (KD) mutants 
with the artificial RNAi trigger. In addition, the number of lesions, rate of penetration and 
extent of infected cells were all reduced in KD mutant-infected leaves resulting that the 
degree of pathogenicity reduction was associated with the silencing levels of xylanase mRNA 
and enzymatic activity in the KD mutants. Cytological analysis revealed that xylanases play 
significant roles in both vertical penetration and horizontal expansion of M. oryzae in infected 
plants due to a severe defect in cuticle penetration of xylanase RNAi mutants. The results 
obtained in this study also indicated that RNAi offers potent and flexibe tools to explore gene 
function in the post-genomic era.  
  
Keywords: RNA silencing, cell wall degrading enzymes, Magnaporthe oryzae, building 
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Fungal feeders as dispersals of fungal propagules 
Sten   Anslan1* 
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“Fungi cannot walk or run, but some can swim, most can soar, a few can jump, and some 
must be carried” (Kendrick, 1985). Among arthropods, the group Collembola is mainly 
considered as fungal feeders and thus they are potential carriers/dispersal vectors for some 
fungal propagules. They may carry fungal propagules in their guts and also attached to their 
appendages. The gut content and body surface of Collembola is mainly investigated by 
microscopy which makes it possible to identify the food material or particles attached to their 
body surface mostly to a higher taxonomic level. With the use of second generation 
sequencing methods our aim is to identify food material, especially fungi that are carried in 
Collembolans gut and on their body surface. The gut content and body surface is examined 
separately to detect which species are eaten and which are passively carried along.  
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Evolution of fruiting body morphology through transcriptomics in the Sordariomycetes 
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A great diversity in fruiting body forms is characteristic of the classes of the Ascomycota. We 
seek to understand the mechanisms involved in generating this morphological diversity. We 
hypothesize that genes whose expression has been significantly upregulated over the course 
of evolution in one lineage compared to the others would be involved in changes in fruiting 
body morphology. To this end, we have performed transcriptional profiling of five species of 
Neurospora and Fusarium during six stages of perithecium development. We estimated the 
ancestral transcriptional shifts during the developmental process among the species and 
identified genes whose transcription had substantially and significantly shifted during the 
evolutionary process. To test our hypothesis, we examined genes whose expression greatly 
increased in Fusarium graminearum perithecium development. Functional studies through 
gene disruption resulted in substantial changes in perithecium morphology in the mutants of 
many of these genes. These genes were not previously identified as candidates for function in 
perithecium development, illustrating the utility of this method for identification of genes 
associated with specific functional processes. In addition, the genes were frequently 
associated with morphologies that distinguished Fusarium from Neurospora. 
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Fusarium pathogenomics: understanding fungal pathogenicity through genomics 
Li-Jun Ma1* 
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A Fusarium comparative genomic study revealed structural and functional compartmentali-
zation of the F. oxysporum genome (Ma et al., 2010). Structurally, the genome can be divided 
into “core” and “accessory” genomic regions. The “core” genomic regions, which reside on 
conserved chromosomes, are conserved among all Fusarium species and are present in all F. 
oxysporum strains. They are vertically transmitted and perform all essential functions. The 
“accessory” genomic regions, located in lineage-specific chromosomes, encode host-specific 
pathogenicity factors, including effectors, but lack housekeeping genes involved in primary 
metabolism. Horizontal transfer of entire chromosomes has been confirmed to introduce 
pathogenicity to a genetically distinct, non-pathogenic isolate, and each forma 
specialis contains a unique set of “pathogenicity” chromosomes. The clear structural and 
functional partition of F. oxysporum genomes established this species complex as s suitable 
and excellent model system to study genome evolution at the interface of host-pathogen 
interactions. In this presentation, I will present the result from our recent analysis of 
multiple F. oxysporum isolates that are pathogenic to different hosts.  
 
Keywords: Comparative genomics, Fusarium oxysporum, horizontal transfer, host-pathogen 
interaction, genome evolution 
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Leveraging RNA-Seq data to study population structure of lichen symbionts in 
a culture-free framework 
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Studies in lichen fungal and photobiont evolution have revolved around the data mining of 
between one and eight gene loci for much of the last two decades. Attempts to apply genomic 
approaches to lichen evolution studies have so far been rendered impractical by culture-
dependent experimental protocols and the difficulty of filtering multiple eukaryotic data sets 
from field samples in silico. We present a new, culture-free approach to extract biont-specific 
RNA-Seq data from synthesized lichens in vivo without reference genomes. Our method 
relies on leveraging transcript abundance estimation and homology to derive biont-specific 
sets of hundreds of genes. We applied this approach to studying population divergence in the 
incipient species fungal species pair Bryoria fremontii-B. tortuosa (Lecanoromycetes, 
Ascomycota) as well as its associated algal photobiont Trebouxia jamesii (Trebouxiophyceae, 
Chlorophyta). 
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Insights in the genome structure and sequence of the phytopathogenic fungus  
Rhizoctonia solani AG1-IB  
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The basidiomycetous fungus Rhizoctonia solani Kühn is responsible for yield losses on 
important crops worldwide and the availability of effective control strategies is limited. 
Therefore, a better understanding of the molecular mechanism of plant pathogen interaction 
will enable the development of suitable control strategies. However, much of the genetics 
of R. solani remains unknown because of the multinucleate and heterokaryotic nature of the 
fungus. Hence, sequencing of the R. solani AG1-IB draft genome was initiated to improve 
the knowledge of determinants involved in the pathogeneses of the fungus. Four complete 
runs on the Genome Sequencer (GS) FLX platform (Roche Applied Science) yielded 
approximately a 25-fold coverage of the AG1-IB genome. Assembly of the sequence reads 
using the gsAssembler software version 2.6 applying the heterozygotic mode resulted in a 
predicted size of 87.1 Mb and confirm the diploid status of the genome. The assembled 
contigs can be classified into five different groups (I to V) including the mitochondrial 
genome (group V) with a size of 162,751 bp which is one of the largest fungal mitochondrial 
genome known to date. The sequence data supported not really the expected heterokaryotic 
character of the sequenced isolate. In total, 12,422 genes were predicted by Augustus 2.6 with 
the parameter sets for Coprinus cinereus. Annotation of the genome assigned 4169 genes to 
KOG functional categories. 
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Population genetic diversity and pathogenicity of Colletotrichum coccodes, causal agent 


of black dot disease of potatoes in Australia 
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Colletotrichum coccodes is a cosmopolitan pathogen causes potato black dot disease and 
anthracnose disease on many plants. Six-gene phylogenetic analysis of selected isolates 
collected from South-Eastern Australia confirmed the taxonomy of C. coccodes. The genome 
of C. coccodes was partially sequenced through 454 GS-FLX sequencing. 18 polymorphic 
simple sequence repeat markers (SSRs) were developed from microsatellite loci and 
optimized into multiplex panel sets. Preliminary study based on 52 Australian and overseas 
isolates, showed that overall gene diversity was relatively moderate (h=0.432), with all 
groups in significant linkage disequilibrium. Variance between Australian isolates was larger 
than overseas isolates. The biology of infection was studied by inoculating the potato plants 
with different concentrations of spore suspension by either spraying the foliage or dipping the 
roots into inoculum. At 2-week intervals leaves were assessed for disease symptoms, and 
petioles were cultured on selection medium. Foliar symptoms did not develop on inoculated 
plants by either method. However, the older leaves that were inoculated by spray inoculation 
with 105 and 106 spores/ml were infected. At 12 weeks after inoculation, the roots, lower 
stems, stolons and tubers were infected using both methods at all spore concentrations. These 
results indicate the endophytic life style of this pathogen and the rapid spread within the 
plant, most likely through the vascular tissue. 
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Phenotyping of an experimental mating population of Neurospora crassa reveals optimal 
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Positive correlations between geographic and genetic distances are commonly observed in 
natural populations. The underlying cause of this pattern is thought to be reproductive 
isolation. In this study, we tested the hypothesis that reproductive fitness is optimal at 
intermediate genetic distances. We used an experimental mating population of 11 mat-A and 
11 mat-a Neurospora crassa strains chosen from a population genomics study of 24 mat-A 
and 24 mat-a strains from North America, the Caribbean, and Africa (Ellison, Hall & Kowbel 
2011). Our analysis of pairwise geographic and genetic distances showed evidence for 
isolation-by-distance in this experimental mating population (Mantel test). We performed 
reciprocal crosses of all 121 strain pairings and collected data on perithecial production and 
with flow cytometry various ascospore characteristics. Mixed effects models of these data 
show: 1) Intermediately related strain pairs produced more viable ascospores than very 
closely or distantly related strain pairs, and 2) the female form of a strain determined the 
reproductive success of crosses, regardless of male parentage. These results indicate that 
inbreeding and outbreeding depression may play a role in shaping reproductive isolation 
between strains of the cosmopolitan fungus N. crassa. Our ongoing work seeks to identify the 
specific genetic differences that contribute to reproductive fitness in N. crassa.  
   
Keywords: Reproductive fitness, Neurospora crassa, population genomics, inbreeding and 
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Mining the genomes of lichen-forming fungi for biosynthetic genes 
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Lichen-forming fungi produce a vast number of natural products. Many of the over 800 
known lichen compounds are unique and show a wide variety of biological activities 
including antibiotic, antimycotic, antiviral and anti-inflammatory effects. Therefore, lichens 
have been used traditionally for hundreds of years. Although lichens have a remarkable 
potential in natural product research and industry, the molecular mechanisms underlying the 
biosynthesis of lichen metabolites are poorly understood. Our goal is to understand, which 
biosynthetic enzymes may be responsible for the production of interesting and characteristic 
lichen substance classes, and which enzymes may be specific for the lichen symbiosis. We 
bioinformatically analyzed the core enzymes of the gene clusters responsible for natural 
product biosynthesis in eleven genomes of lichen-forming fungi. We found that sequencing 
the metagenome and metatranscriptome of uncultured lichen thalli is a feasible way to obtain 
draft genomes and putatively complete sets of fungal biosynthetic gene clusters from the 
species Evernia prunastri, Lasallia pustulata, and Pseudevernia furfuracea. The 
metagenomic approach circumvents the time-consuming and difficult task of axenic 
mycobiont cultivation. We compared the composition of biosynthetic genes in lichen-forming 
fungi and their closest non-lichenized relatives, focusing on polyketide synthases, chalcone 
synthases, nonribosomal peptide synthetases, and terpene synthases. Using a phylogenetic 
approach we identified two clades of non-reducing polyketide synthases which are unique to 
lichen-forming fungi. To validate the chemical potential and obtain new insights into the 
biosynthetic pathways, we are currently setting up a platform for the heterologous expression 
of lichen biosynthetic gene clusters. 
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The plant pathogenic fungus Corynespora cassiicola includes multiple pathogenic variants 
and causes different diseases on several host plants, e.g. tomato, perilla and cucumber. C. 
cassiicola causing Corynespora target spot of tomato produces host- specific CCT-toxin and 
causes remarkable symptom on many cultivars of tomato. The chemical structure of CCT-
toxin is predicted to be a nonribosomal peptide. In this study, we determined draft genome 
sequence of the tomato strain TTRC1-1 to clarify the correlation between secondary 
metabolite biosynthesis and the pathogenicity of the pathogen. Based on the draft genome 
sequence data, 28 polyketide synthase (PKS) genes and six nonribosomal peptide synthase 
(NRPS) genes were found in the genome of C. cassiicola. Analysis of the flanking regions of 
the PKS and NRPS genes revealed that they have typical structures for secondary metabolite 
biosynthesis gene clusters of fungi. Some of the putative NRPS genes are homologues of the 
known NRPS genes such as NPS4 and NPS6, which are involved in hydrophobicity and 
pathogenicity of Cochliobolus heterostrophus, respectively. Functional analysis of those 
genes is now underway by gene targeting and expression analysis in the tomato strain of C. 
cassiicola.  
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Autophagy is an ubiquitous process in eukaryotic cells and facilitate the bulk degradation of 
macromolecules and organelles. It plays a wide variety of physiological and 
pathophysiological roles in eukaryotic cells. The study of autophagy has been extended from 
model yeasts such as Saccharomyces cerevisiae to pathogenic fungi such as the rice blast 
fungus Magnaporthe oryzae. M. oryzae is bestowed representative infectious cycle 
and typical in infecting its host by means of a specialized infection structure called an 
appressorium. Much work and many new techniques are being adapted to elucidate the 
function of autophagy in M. oryzae. Non-selective autophagy plays key role in the 
pathogenicity of M. oryzae. Significantly, null mutants for the expression of M. 
oryzae autophagy gene homologs lose their pathogenicity for infection of host plants. 
Deletion of any of the gene products necessary for non-selective autophagy (e.g. MoAtg1-10, 
12, 15, 16, 18, 20) rendered the fungus unable to cause the rice blast. In contrast, deletion of 
any of the genes necessary for selective autophagy did not affect the fungus 
pathogenicity. New techniques will greatly accelerate the discovery of the nature of 
autophagy, and offer future advances that will greatly improve our knowledge about the roles 
of autophagy in the infection of plants by pathogenic fungi and help in the development of 
new fungicides. 


   
Keywords: Autopahgy, Magnaporthe oryzae, pathogenicity 


  
*Presenter : Fu-Cheng Lin 
Email : fuchenglin@zju.edu.cn 
  







 271 


O 2.4.1 
 


Scientific Theme : 2 Genomics, Genetics and Molecular Biology 
Session : 2.4 Genetics and genomics of fungal host-specificity and evasion of host 
immunity   
 
Account ID  IMC0996  
Abstract ID ABS0406 
 


Analysis of specific components of the predicted Fusarium graminearum secretome 
expressed early during wheat ear infection 


Ana K. Machado1*, Wing-Sham Lee1, Martin Urban1, Neil Brown2, David Studholme3, Nicholas Talbot4, Smita 
Kurup1, Kim Hammond-Kosack1 


 
1PBCS, Rothamsted Research, United Kingdom 
2USP, University of Sao Paulo, Brazil 
3Bioscience, University of Exeter, United Kingdom 
4Bioscience, Univeristy of Exeter, United Kingdom 


  
One of the limiting factors to wheat production is ear blight disease, caused predominantly 
by Fusarium graminearum (Fg). This disease results in reduced grain yield and quality and 
contamination of infected grain with harmful trichothecene mycotoxins. Genetic, genomic, 
molecular, bioinformatic and bioimaging studies on this interaction are increasing our 
understanding of the mechanisms underpinning disease formation and the activation of plant 
defences. Comparative secretome analysis of Fg with other pathogenic filamentous fungi was 
previously used to predict the repertoire of Fg small secreted proteins that may be involved in 
determining the outcome of plant-Fg interactions. Using this data, this project aims to identify Fg 
effectors that, when over-expressed in planta, are able to suppress defence responses in either: (a) 
fully susceptible wheat cultivars infected by strains of wild-type or a tri5 mutant Fg strain which is 
unable to produce the mycotoxin DON or (b) the resistant cultivar Sumai-3, thus permitting wild-
type fungal hyphae to enter the central rachis tissue and colonise the wheat ear. We will pinpoint 
~20 specific Fg secretome components that are expressed in planta during the symptomless phase. 
By sequencing additional Fg strains, effector sequences that are monomorphic and others that are 
under positive selection will be identified. The Barley stripe mosaic virus overexpression system, 
BSMV-VOX, will be used to study Fg effector function in wheat plants. 
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In the process (BC3F1 generation) of backcrossing an Avena isolate of Pyricularia oryzae 
with a Triticum isolate, color mutants with white mycelia were obtained. These white mutants 
lacked virulence on all (31/31) hexaploid and most (28/32) tetraploid wheat lines tested. In a 
BC4F1 population, white and black cultures segregated in a 1:1 ratio, suggesting that the 
mutant phenotype is controlled by a single gene. Furthermore, the mycelial color was 
perfectly linked with avirulence in the BC4F1 population; white cultures were all avirulent on 
common wheat (Triticum aestivum) ‘Norin 4’ (N4) whereas black cultures were all virulent. 
White cultures in the BC3F1 and BC4F1 generations were also avirulent on tetraploid wheat 
(T. dicoccoides) accession ‘KU109’ (Tat4), which was susceptible to all cultures derived 
from the parental wild isolates through the BC2F1 generation. A cross between Tat4 and a 
susceptible tetraploid (T. paleocolchicum) accession ‘KU196’ (Tat14) produced resistant and 
susceptible F2 seedlings in a 3:1 ratio against the white cultures. In the F3 generation 
homozygous resistant/ segregating/homozygous susceptible lines segregated in a 1:2:1 ratio. 
These results suggest that the resistance of Tat4 to the white cultures is controlled by a single 
major gene. This gene, tentatively designated as RmgTd(t), is considered to be a hidden 
resistance gene because it was not detected with the Br58, F1,BC1F1, or BC2F1 cultures. 
Cytological analysis revealed that the moderate resistance controlled by RmgTd(t) was 
associated with a hypersensitive reaction of mesophyll cells. 
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Even though surveys of horizontally transmitted fungal endophytes have exponentially risen 
in the last decade, it is only until recently that genomic data has become available for this 
ecologically diverse group. The genome of Xylonaheveae has recently been sequenced as part 
of the 1,000 Fungal Genomes project in collaboration with the Joint Genome Institute. X. 
heveae has only been found as an endophyte and remains the only representative of the 
Xylonomycetes as no close relatives have been described to date. In this project we had two 
main objectives: (1) to elucidate the phylogenetic position of the Xylonomycetes within the 
Ascomycota and (2) to explore the genome content of X. heveae for genes related to 
carbohydrate degradation (including plant cell wall-degrading enzymes), secondary 
metabolite production, proteins involve in the production of sexual forms, and genes involved 
in pathogenicity and host-pathogen interaction. We conducted a comparative analysis that 
included X. heveae and 36 other Ascomycota genomes, representing diverse life-styles 
(animal and plant pathogens, mutualists, and saprotrophs). In this analysis we also included 
strains that were isolated as endophytes and are now part of the endophytic fungi EcoGroup 
Portal in MycoCosm. The objective of the comparative analysis was to detect genes that are 
unique to endophytic lineages and to determine if the genetic background of endophytic 
strains that are able to switch from an endophytic life-style to a pathogenic or saprotrophic 
lifestyle is different from that contained in strains that are only known to be endophytes. Data 
from this study has allowed us to resolve the phylogenetic position of the Xylonomycetes and 
start understanding the different types of fungal endophytism and the genomic background of 
the endophytic continuum.   
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Protein-coding DNA repeats: a major driver of fungal proteome evolution? 
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DNA tandem repeat-containing open reading frames (TR-ORFs) encode amino acid repeat 
(AAR)-containing proteins. In a survey of 25 fungal species, we found that 28.11±9.46% of 
their genes were TR-ORFs. AARs were more conserved than the DNA repeats encoding 
them, indicating their role in protein functionality.  TR-ORFs mutate rapidly and could assist 
in rapid transient adaptation as contingency genes. However, when analyzing strains of the 
yeast C. albicans, we found specific TR-ORFs alleles associated with specific genetic 
backgrounds, and in closely related Epichloë species genetic distances based on TR-ORFs 
were correlated with those based on housekeeping genes. This is not expected for 
contingency genes. It indicates that specific TR-ORFs alleles are optimal in a given genetic 
background, and frequent generation of variant proteins encoded by such TR-ORFs is a 
fitness cost. We explored if this cost is incurred because certain types of protein functionality 
require an amino acid repeat region: This does not seem to be the case. We compared a set of 
40 AAR-containing E. festucae proteins with their homologues in other fungi. Even in a 
small sample of 20 fungi, we found repeat-free versions for 50% of the proteins.  Our best 
explanation for the prevalence of TR-ORFs in fungal genomes, even though their 
hypermutability is an often-avoidable fitness cost, is that TR-ORFs allow proteome evolution 
at rates sufficient to compete with other species in the evolutionary arms race. 
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In fungal pathogens, the occurrence of interspecific hybridization is often linked to the host 
species distribution and characteristics. Therefore, the analysis of genetics underlying host 
specialization is a crucial factor for an understanding of pathogen’s evolution and involved 
mechanisms (i.e. hybridization and reproductive isolation). Here, we use the basidiomycetous 
smut fungus Microbotryum–a species complex with evolutionary independent lineages that 
typically specialize to a given host plant species–to study genetic determinants of 
hybridization and reproductive isolation. By combining experimental selection experiments 
with high-throughput sequencing techniques we focus on the process of hybrid speciation in 
dependence to adaptation to the host. Our studies show that beside geographic and ecological 
isolation, intrinsic mechanisms–in form of assortative mating–play an important role in the 
evolution of Microbotryum hybrids. Traits for assortative mating are manifested by the 
preferential conjugation of the hybrid-produced gametes with non-hybrid gametes containing 
mating compatibility factors from the same parental species. In addition, infection studies and 
genomic analysis emphasize that a decrease in fitness of hybrids and backcrosses is more 
likely to be due to extrinsic factors, i.e. host environment, than genomic incompatibilities. 
Conclusively, applying infection experiments in combination with genomic analysis is a 
reasonable way to study evolutionary forces and in particular for the Microbotryum species 
differences that were difficult to resolve in previous studies may be achieved by the 
homogenizing influence of hybridization upon genome composition. 
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Differential expression of metallothioneins in response to heavy metals and their 
involvement in metal tolerance 


Sudhakara Reddy1*, Prasanna Lakshmi2, Roland Marmeisse3, Fraissinet-Tache Laurence3 
 
1Department of Biotechnology, Thapar University, India 
2Department of BiologicaSciencecs, University of Alabama, Hintsville, United States 
3Microbial Ecology, University of Lyon, Villeurbanne, France 


  
Cysteine rich peptides such as metallothioneins (MTs) are involved in metal homeostasis and 
detoxification in many eukaryotes. Characterization and expression of two MT 
genes, LbMT1 and LbMT2 from the ectomycorrhizal fungus Laccaria bicolour under metal 
stress conditions. Both LbMT1 and LbMT2 encode a functional polypeptide capable of 
conferring increased tolerance against Cu and Cd respectively, as revealed by heterologous 
complementation assays in yeast. The expression levels of LbMT2 was observed maximum at 
24 hours and increased as a function of Cu concentration. LbMT1 was also induced by Cu but 
the expression levels were less compared to LbMT2. The mRNA accumulation of LbMT2 was 
not influenced by Cd, whereas Cu induced the transcription of LbMT2. Zinc, did not affect 
the transcription of both LbMT1 and LbMT2. These results show that ectomycorrhizal fungi 
encode different MTs and each of them has a particular pattern of expression, suggesting they 
play specific roles in improving the survival and growth of ectomycorrhizal trees in 
ecosystems contaminated by heavy metals. 
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Aureobasidium pullulans (Dothideales, Ascomycota) is a cosmopolitan melanised yeast-like 
fungus, characterised by phenotypic plasticity and good stress tolerance. It inhabits various 
environments, even those with temperature and pH extremes, high UV radiation and high salt 
concentrations – due to these traits it is considered to be polyextremotolerant. The species is 
composed of four varieties: var. pullulans, var. subglaciale, var. melanogenum, and 
var. namibiae. It is a biotechnologically important organism because of its production of 
extracellular polysaccharide pullulan, antimycotic aureobasidin A, single-cell protein, 
siderophores, and various extracellular enzymes. As a biocontrol agent A. pullulans is 
also used in agriculture, it is involved as the principal colonizer on degrading plastics and is 
implicated in human disease.  We performed pyrosequencing and analysis of transcriptomes 
of the A. pullulans var. pullulans (a strain from hypersaline water) and A. 
pullulans var. subglaciale (from subglacial ice). Both isolates originate from environments 
with low water availability and high inorganic ion concentrations. The salinity-induced 
differential transcription of genes of both varieties was studied. The analysis was focused 
especially on alkali-metal cation transporters and sugar transporters. The differences between 
varieties in transcriptional response to salt will be discussed in light of their salt stress 
tolerance, biotechnological importance and habitat preferences. 
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Mushroom "omics", or "Mushroomics" has advanced quickly amongst the many "omics" in 
life sciences. My laboratory has been working on the genomics and transcriptomics of 
Shiitake mushroom Lentinula edodes and inky cap mushroom Coprinopsis cinerea. We 
sequenced the genome of the L. edodes monokaryon L54A using the Roche 454 ABI SOLiD 
and Illumina sequencing platforms. Over 13,000 protein-coding genes were predicted from 
the 40 Mb draft genome. Comparative analyses on our datasets and all available genome 
sequences of basidiomycetes and ascomycetes revealed genes expanded in genomes of 
mushroom-forming fungi. The expanded genes included specific types of regulatory proteins, 
ubiquitin ligases, protein kinases, and transcription factors.  F-box and paracaspase domain 
proteins were significantly expanded. We carried out transcriptomic analysis of multiple 
stages of L. edodes using RNA-Seq and C. cinerea using cDNA microarray. 
Genes differentially expressed during fruiting body initiation and development were 
identified. Transcriptome age index (TAI) profile and transcriptome divergence index (TDI) 
profile showed molecular hourglass patterns over the developmental lifecycle of L. 
edodes and C. cinerea. Young fruiting body stage is the bottleneck with the highest 
conservation among all fruiting body developmental stages, expressing the evolutionarily 
oldest and most conserved transcriptome. The genome sequences of L. edodes and other 
fungi in our Ensembl-based platform for comparative mushroom genomic analysis are 
searchable rich resources for genomics and transcriptomics of mushroom-forming fungi. Our 
analyses also provided information on the molecular mechanisms of fruiting body 
development in fungi and the evolution of fungal complex multicellularity. 
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The success of biological control of insect pests by fungal pathogens depends on various 
factors in host, pathogen, and the environment.  Here we studied the molecular mechanisms 
between the fungal pathogen Bassiana bassiana and an insect host Myzus persicae using 
liquid chromatography coupled with mass spectrometry (1D-GeLC-MS/MS) to identify 
proteins associated with B. bassiana pathogenicity and the insect M. persicae defense 
responses in the post-penetration stages.  The total of 131 putative fungal proteins and 35 
putative insect proteins were up-regulated in expression during the fungal infection of 
host. We discussed correlations between the identified proteins and biological processes of 
the pathogen-host interaction. In the pathogen side, the up-regulated proteins in the early 
infection stage (48-72 h post-inoculation (PI)) include C2H2 transcription factor, acetamidase 
and T-complex protein, which correlated with the fungal growth in the changing-nutrient 
environment and formation of the first group of B. bassiana blastospores in the 
hemolymph.  In the intermediate stage of infection (72-96 h PI), the proteins involved in host 
fat body digestion (e.g., triacyglycerol lipase), stress response (e.g., alpha, alpha-trehalose-
phosphate synthase, heat shock protein 70), and toxin biosynthesis proteins (e.g., a 
nonribosomal peptide synthetase and toxin biosynthesis protein Tri7), were up-regulated.  In 
the insect side, the specific expression of aphid’s adiponectin receptor, stress-activated 
protein kinase, glutathione S-transferase and vitellogenin suggested a stress condition in B. 
bassiana-infected aphids.  In the later stage of infection, the specific expression of insect 
calcium ATPase and neurobeachin (Neu) may respond to a fungal neurobeachin inhibitor, 
which causes paralysis symptom. At the final stage of fungal infection, most B. bassiana-
infected aphids could not cope with the fungal infection and the fungal pathogen readily used 
the insect body as the nutrient source. Therefore, the fungus appeared to specifically express 
carbon source-utilizing proteins such as glucose transporter and catabolite repression protein 
CreC.   
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The over-expression of ATP-binding cassette (ABC) transporters is a major cause of clinical 
resistance to azole antifungals. Milbemycins, FK506, enniatin B, and beauvericin are 
recognized as broad-spectrum inhibitors of fungal multidrug efflux pumps. The identification 
of naturally acquired mutations conferring resistance to inhibitors is a powerful tool to 
elucidate structure-function relationships for ABC transporters. We isolated mutants of 
Saccharomyces cerevisiae over expressing Candida albicans Cdr1p that were resistant to the 
milbemycin alpha25 inhibition of fluconazole efflux. The point mutations generated in Cdr1p 
were G521R (transmembrane segment 1; TMS1), M639I (TMS4) and T1355N (TMS11), and 
A713P, within extracellular loop 3. Each mutant showed a unique response to the above 
inhibitors, and each had altered kinetics of Cdr1p ATPase activity and substrate specificity. 
The pump function of these mutants suggests different modes of action for efflux pump 
inhibitors. Our data indicate that: (i) the inhibitors bind with different affinities to the open 
and closed conformations of the transporter; (ii) a possible gate, or sensory, function for 
G521 of TMS1 determines whether substrates or inhibitors can enter the transporter; (iii) the 
A713P mutation affects the high, basal, ATPase activity typical for PDR efflux pumps; and 
(iv) M639I and T1355N affect pump inhibitor sensitivity by changing the substrate-binding 
pocket of Cdr1p. 
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Verticillium  transcription activator of adhesion Vta2 suppresses microsclerotia 
formation and is required for systemic infection of plant roots 


Susanna A. Braus-Stromeyer1*, Van-Tuan Tran2, Gerhard H. Braus1 
 
1Institute of Microbiology and Genetics, Georg-August-University of Goettingen, Germany 
2Microbiology Department, VNU University of Science, Viet Nam 


 
Physical adhesion between cells or from cells to abiotic surfaces represents a key step of 
microbial interactions. The potential for adhesion is a prerequisite for sessile growth modes, 
nutrition absorption, infection and defense or multicellular development. Many fungal plant 
pathogens require that host cell walls have to be penetrated. Attachment of fungal pathogens 
to their hosts is mediated by adhesive proteins and is crucial at several stages during the host-
parasite interaction. Hyphae of the vascular pathogen Verticillium attach directly to plant 
roots and enter the plants with the help of hyphopodia. The molecular mechanism of 
pathogen attachment to plant roots has not been analyzed so far. Multiple control mechanisms 
and several adhesins might be included, especially in the allodiploid V. longisporum. In this 
study a non-adherent mutant strain of the model yeast S. cerevisae was used to dissect 
Verticillium adhesion and isolate specific genes required for the process. Six transcription 
regulatory genes of the Verticillium plant-pathogen, which reprogrammed non-adherent 
budding yeasts for adhesion, were isolated by a genetic screen to discover control elements 
for early plant infection. Verticillium transcription activator of adhesion Vta2 is highly 
conserved in filamentous fungi but not present in yeasts (1,2). The Magnaporthe grisea 
ortholog Con7 controls the formation of appressoria which are absent in Verticillium species. 
Vta2 was analyzed by using genetics, cell biology, transcriptomics, secretome proteomics and 
plant pathogenicity assays. Nuclear Vta2 activates the expression of the adhesin encoding 
yeast genes FLO1 and FLO11. Vta2 is required for fungal growth of Verticillium where it is a 
positive regulator of conidiation and is mandatory for accurate timing and suppression of 
microsclerotia as resting structures. Vta2 controls expression of 270 transcripts including 10 
putative genes for adhesins and 57 for secreted proteins. Vta2 is a major regulator of fungal 
pathogenesis, controls host-plant root infection and H2O2 detoxification. Verticillium 
impaired in Vta2 is unable to colonize plants and induce disease symptoms. Vta2 represents 
an interesting target to control growth and development of these vascular pathogens. 


 1) Tran VT, Braus-Stromeyer SA, Kusch H, Reusche M, Kaever A, Kühn A, Valerius O, 
Landesfeind M, Aßhauer K, Tech M, Hoff K, Pena-Centeno T, Stanke M, Lipka V, Braus 
GH. 2014. Verticillium transcription activator of adhesion Vta2 suppresses microsclerotia 
formation and is required for systemic infection of plant roots. New Phytol: 565–581. 
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2) Tran VT, Braus-StromeyerSA,Timpner C, Braus GH. 2013. Molecular diagnosis to 
discriminate pathogen and apathogen species of the hybrid Verticillium longisporum on the 
oilseed crop Brassica napus. Appl Microbiol Biotechnol: 4467–4483. 
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A new approach to monitoring fungus diseases in South Africa through plant clinics 
and the nurturing of stronger research-extension links 


Isabella Rong1*, Susan Koch1, Elna van der Linde1, Eric Boa2 
 
1Plant Microbioilogy, Plant Protection Research Institute, Agricultural Research Council, South Africa 
2Director, Agro-Insight, Belgium 


 
Approximately 2.5 million households in South Africa practice small-scale subsistence 
farming. A large number of these farmers reside in the northernmost region, the Limpopo 
province bordering neighbouring countries. In this area, tropical fruit such as banana and 
citrus are cultivated on a small- and commercial scale. Citrus black spot caused by 
Guignardia citricarpa are present in South Africa and recently led to the banning of citrus 
imports to the European Union. The first report of tropical race four (TR4) of Fusarium 
oxysporum f.sp.cubense was received from Mozambique in 2013 and threatens banana 
plantations in Limpopo. Even with quarantine measures in place, across boarder disease 
outbreaks are therefore always a risk. Citrus black spot and Panama disease are only two of 
many fungal and other plant health problems which farmers might present to plant clinics run 
by the Limpopo Department of Agriculture (LDA) and the ARC-PPRI. This partnership 
endeavour to improve technical and extension support to a large numbers of dispersed 
smallholder farmers while monitoring the spread of pest and diseases. Plant health clinics 
first developed by the CABI’s Plantwise programme is continuing to promote the expansion 
of this plant health systems approach. We will describe the start of plant clinics in South 
Africa and the potential implications for research on selected fungal diseases. 
 
Keywords: Plant diseases, extention services, plant clinics, South Africa, small-holder 
farmers 
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Phytopathogenic fungi, a capable source of new bioactive natural products 
Frank Surup1*, Sandra Halecker1, Michael Szczygielski1, Marc Stadler1 


 
1Microbial Drugs, Helmholtz Center for Infection Research, Germany 


 
Fungal secondary metabolites have historically served as model compounds for numerous 
important drugs and pesticides. Because novel lead compounds are continuously needed, our 
work is dedicated on the discovery of novel candidate anti-infectives from natural sources. 
Aside from the world-wide largest and most diverse collection of gliding bacteria, we are 
focusing on fungi as another highly promising source for unique bioactive secondary 
metabolites. One of our recent projects aims for the identification and isolation of secondary 
metabolites from phytopathogenic fungi, which tend to be underexplored so far. From 
cultures of ash dieback causing ascomycete Hymenoscyphus pseudoalbidus we isolated 
hymenosetin, a new 3-decalinoyltetramic acid with a strong activity against Gram-positives 
including MRSA. Its absolute configuration was assigned by CD spectroscopy and Hetloc 
data. In another project, trichothecolone acetate and its novel derivative 7-
hydroxytrichothecene acetate were isolated from cultures of Microcyclospora tardicrescens 
sp. 1936, a sooty blotch and flyspeck (SBFS) fungus causing great economic damage on 
apple, pear and other fruits throughout humid climates. Furthermore, we found that 
Microcyclospora malicola sp. 1930, another SBFS fungus, is producing the bioactive 
pigment obionin A besides novel derivatives. Our results demonstrate that phytopathogenic 
fungi are an excellent source for new bioactive secondary metabolites. 
 
Keywords: Secondary metabolites, ash dieback, sooty blotch & flyspeck, screening, 
antibiotics 
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Exploring the interaction between Phellinus noxius and Aspergillus austroafricanus 
using imaging mass spectrometry 


Yu-Liang Yang1*, Pi-Yu Chen1, Chao-Jen Shih1, Ying-Mi Lai1 
 
1Agricultural Biotechnology Research Center, Academia Sinica, Taiwan 


 
Brown root rot disease, caused by the fungus Phellinus noxius, is a prevalent disease of 
woody plants in tropical and sub-tropical regions of Asia, Central America, Africa and 
Oceania. Currently, no efficient method of control of the disease hasbeen developed. In this 
study, two fungal strains 3G and 3Y were identified from soil as Aspergillus austroafricanus 
using18S and ITS rRNA sequence analysis. The morphology and chemical profiles of 3G and 
3Y were significantly different. The 3G strain showed a potent antagonistic effect against P. 
noxius, whereas the 3Y strain did not. We utilized imaging mass spectrometry (IMS) to 
explore the in situ metabolic interactions between P. noxius and the A. austroafricanus strains 
3G and 3Y. Through IMS analysis and bioactivity guided fractionation and isolation, active 
metabolites such as sterigmatocystin were identified, and in addition, inhibition activity of 
pure compounds against P. noxius was evaluated. This study furthers understanding of fungal 
interaction for the development of biocontrol agents against brown root rot disease. 


 
Keywords: Brown root rot disease, Phellinus noxius , Aspergillus austroafricanus , imaging 
mass spectrometry 


 
*Presenter: Yu-Liang Yang 
Email: ylyang@gate.sinica.edu.tw 







 286 


O 3.4.1 
 


Scientific Theme: 3 Plant, Human and Animal Pathogenesis and Disease Control 
Session: 3.4 Fungal bio-control for Pests of Medical and Economic Importance 
 
Account ID IMC0956  
Abstract ID ABS0553  
 


Impact of fungicide application on endophytes 
René Prior1*, Andrey Yurkov2, Dominik Begerow1 


 
1Geobotany, AG Geobotanik, Ruhr-University Bochum, Germany 
2Leibniz Institute DSMZ, Leibniz Institute DSMZ - German Collection of Microorganisms and Cell Cultures, 
Germany 
Endophytic fungi are common in all plants and their ecological functions are quite diverse. 
The beneficial effect on plant health has been shown for several leaf-associated fungi. In 
contrast to this positive impact a negative effect is also well documented. For some groups 
like the Clavicipitaceae secondary metabolites are known to be poisonous for grazing 
livestock. Thus, the ecological role of fungal endophytes is very broad and while some are 
favoured and welcome in agriculture others threaten crop yield and might even produce 
useless grassland. The broad application of fungicides in agriculture, however, is based on 
numerous studies on plant parasites and the effect on endophytes has not been studied so far. 
Hence the aim of our study was to test the impact of three different fungicides on the 
endophytic fungal community of beans (Phaseolus vulgaris and Viciafaba). We tested 
fungicides with three different mechanisms of action namely, agents based on copper, sulphur 
and systemic activity. We used a culture-based barcoding approach to analyse the various 
effects on different species. Based on presence or absence data we could reveal significant 
differences in the endophytic communities. The number of taxa, which could be isolated after 
a fungicide treatment, declined in all experiments, although differences between various 
fungicides were only marginal. In conclusion we assume the mechanism of action of a 
specific fungicide irrelevant for the effect on the endophytic community. However, we 
suppose conflicting effects of fungicides on plant health. Although the direct negative effect 
on plant parasites is obvious, the simultaneous decline in fungal endophytes may lower plant 
stress tolerance and healthiness in the long term. 
Keywords: Endophytes, fungicides, community structure, beans 
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Estimation of fungal endophyte producing volatile organic compounds on control of 
pathogens causing postharvest diseases in Taiwan 


Che-Chia Yeh1*, Wen-Hsin Chung1 
 
1Plant Pathology, National Chung Hsing University, Taiwan 
One endophyte isolate of Nodulisporium sp. PDL-005 obtained from Peperomia 
dindygulensis Miq. could produce volatile organic compounds (VOCs). In this study, the 
efficacy of VOCs on inhibition growth of Botrytis cinerea, Penicillium italicum and 
Pestalotiopsis sp. were estimated at in vitro condition. Moreover, the components of VOCs 
produced by PDL-005 isolate were analyzed based on GC-MS, and the efficacy of VOCs on 
control of gray mold disease of strawberry was examined. The test of mycelia growth showed 
that the PDL-005 isolate cultured on potato sucrose agar (PSA) for 3 days could inhibit the 
growth of B. cinerea and Pestalotiopsis sp. completely. However, the mycelia growth of P. 
italicum could not be inhibited by VOCs of PDL-005 isolate completely and inhibition rate 
was 11.5 to 41.5%. For GC-MS analysis, the major compounds of VOCs produced by PDL-
005 included β-Elemene, α-Neoclovene, Alloaromadendrene, γ-Gurjunene, 3-Methoxy-2-
naphthol, Longifolene, and Caryophyllene. In the other side, the PDL-005 isolate cultured on 
potato dextrose agar (PDA) and Malt extract agar (MEA) showed highest ability on control of 
B. cinerea, P. italicum and Pestalotiopsis sp. than cultured on PSA, Oat meal agar (OMA), 
Yeast and Malt extract agar (YM) and 10% V8 juice agar (V8). For in vivo control, the PDL-
005 could reduce 60.0 to 80.0% disease severity of gray mold of strawberry and the 
strawberry quality did not decrease significantly. Thus, PDL-005 is a potential bio-agent on 
control of postharvest disease in future. 
Keywords: Endophyte, Peperomia dindygulensis, biocontrol 
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Fungal entomopathogens as endophytes in cassava 
Melinda Greenfield1*, Fernando E. Vega2, Maria Isabel Gomez1, Soroush Parsa1 


 
1Entomology Department, CIAT, Colombia 
2Sustainable Perennial Crops Laboratory, USDA, ARS, United States 


 


Cassava (Manihot esculenta) is a critical crop for over 500 million farmers in developing 
countries, but its production can suffer from attack by many arthropod pests. In recent 
decades, the use of fungal entomopathogens as endophytes has gained increasing attention in 
biological control, potentially offering a novel pest management strategy. In a project funded 
by the Gates Foundation Grand Challenges Explorations Program, the fungal 
entomopathogens Beauveria bassiana and Metarhizium anisopliae (Ascomycota: 
Hypocreales) were investigated to determine if endophytic colonization could be achieved in 
cassava. An inoculation method based on drenching the soil around cassava stems using 
various conidial suspensions resulted in effective endophytic colonization by both 
entomopathogens. This allowed us to conduct screening experiments for the selection of 
isolates with best endophytic potential. A stringent sterilization method was developed to 
effectively assess colonization. Fungal entomopathogens were detected more often in bud 
roots than in base roots and the proximal end of the root was colonized to a greater extent 
than the distal end. There were no differences in dry root biomass, plant height or chlorophyll 
content of leaves. We are currently conducting bioassays to determine if endophytically 
colonized cassava plants have lower whitefly infestations than control plants. 
Entomopathogenic fungal endophytes may provide an option for cassava farmers to reduce 
losses caused by arthropod pests. 
 
Keywords: Beauveria bassiana, Metarhizium anisopliae, cassava, entomopathogens, 
endophytes 
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Mechanisms of plant colonization by pathogenic and symbiotic microbes 
Sebastian Schornack1* 


 
1Sainsbury Laboratory (SLCU), University of Cambridge, United Kingdom 
 
Throughout their life, plants are exposed to filamentous pathogens such as fungi and 
oomycetes. However, plants also exploit fungi to provide nutrients through mutual symbiosis 
with arbuscula rmycorrhiza fungi. Plant-pathogen research as well as studies of root 
symbiosis has accumulated a wealth of knowledge but with limited cross-exchange of 
resources and knowledge. New experimental systems recently extended possibilities for 
studying similarities and differences between detrimental and beneficial plant-microbe 
interactions in the same plant and even the same organ. Strains of the oomycete pathogen 
Phytophthora palmivora colonise roots of numerous plant species including leguminous 
symbiosis model plants Medicago truncatula and Lotus japonicas as well as 
monocotyledonous species barley and wheat. We identified M. truncatula symbiosis mutants 
with similar or contrasting effects on P. palmivora root infection. Furthermore, we utilize 
genome-wide association mapping in M. truncatula to identify genes contributing to root or 
leaf invasion by P. palmivora. Screening of barley genotypes revealed a dominant genetic 
trait supporting P. palmivora root colonisation. We use fluorescently labeled P. palmivora 
isolates to comparatively study processes involved in formation of intracellular haustoria and 
compare them to arbuscula rmycorrhiza fungi. P. palmivora genome and transcriptome 
sequencing, followed by effector repertoire prediction, allowed us to identify conserved 
avirulence genes between different Phytophthora species. This enables utilisation of 
established disease resistance genes to control P. palmivora. 
 
Keywords: Phytophthora palmivora, arbuscula rmycorrhiza fungi, Medicago truncatula, 
barley,  
 haustoria 
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The infection process of Mauginiella scaettae the causal agent of date palm inflorescence 


rot  
M. B. Bensaci1*, F. Rahmania2, C. W. Stephen3, A. J. Mur Luis3 
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Phytopathogenic fungi have evolved diverse mechanisms to penetrating their hosts, often 
based on the development of modified hyphae. Initial events involve adhesion to the plant 
cuticle but then can either involve 1) the production of hydrolytic enzymes to digest the host 
or 2) the epidermal penetration following the formation of an appressorium and a feeding 
structure known as a haustorium or 3) directed hyphal growth of the germ tube to a natural 
plant openings (Stomata) which a penetrated and haustoria then typically form within the 
sub-stomatal chamber. The fungus Mauginiella scaettae is the causal agent of inflorescence 
rot of date palm, an economically devastating disease in Algeria, whose infection process has 
been poorly characterised. We here present a cytological description of how Mauginiella 
scaettae infects its host based on light and scanning electronic microscopy up to 2 weeks 
following initial pathogenic challenge. It was notes that appressoria were formed at the site of 
infection which may develop high turgor pressure to support the penetration process. It was 
also noted that there was some evidence of stomatal targeting and penetration by Mauginiella 
scaettae hyhae. This preliminary work will facilitate further studies which aim to increase 
resistance through to derivation of resistant date germplasm or the use of biocontrol agents. 
 
Keywords: Date palm, inflorescence rot, Mauginiella scaettae, infection, penetration 
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Infection and colonisation of pyrethrum by Stagonosporopsis tanaceti 
MdAbdullahilBaki Bhuiyan1, Dr Paul W. J. Taylor1* 


 
1Agriculture and Food Systems, The University of Melbourne, Australia 


 
Pyrethrum (Tanacetum cinerariifolium) plants are grown to produce biopesticidepyrethrins 
commercially in Australia. Ray blight disease caused by Stagonosporopsis tanacetiis a major 
limiting factor for cultivation of pyrethrum plants. The disease symptoms occur as necrotic 
lesions on the inflorescences, flower stems and leaves, and are characterized by the presence 
of pycnidia in advance stages of infection. Artificial inoculation with spore suspension (104 
spores/mL) of S. tanaceti was made to study the histopathology of leaves at different time 
intervals. Leaf sections were sampled, fixed in FAA, embedded with paraffin and sectioned 
(6 µm) using a rotary microtome. Sections were then stained with either lactophenol cotton 
blue or a modified Johansen’s quadruple stain technique. Adhesion of conidia followed by 
direct penetration by germ tube was observed 3-12 hours after inoculation. Mycelial 
colonization followed by disintegration of tissues was seen in the epidermal, hypodermal 
layer and mesophyll tissues within 1-2, 2-3 and 3-7 days after infection (dai) respectively. 
Pycnidia formation, maturation and spore release occurred between 7-9 dai in the cells of 
both the epidermal and mesophyll tissues. Infection of the flower stems occurred with 
colonization by hyphae in the epidermal, hypodermal and cortical layer cells in the infected 
plants in the glasshouse and was confined to the top 4-5 cm from the peduncle. Infection of 
the flower stems most likely resulted from secondary infection from splash dispersed spores. 
Although hyphae were detected in the epidermal, hypodermal and cortical layers of leaf 
petioles and inflorescence no vascular tissue was colonized. 
 
Keywords: Inoculation, colonization, infection process, modified Johansen's quadruple stain,  
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Identity and diversity of the Cryphonectriaceae on Myrtales in Hawaii  
Jolanda Roux1*, Gilbert Kamgan Nkuekam1, Janice Uchida2, Chris Kadooka2, JB Friday3, Lloyd Loope4, 


Michael Wingfield1 
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The Cryphonectriaceae includes some of the most important pathogens of trees in the world, 
most noteably the causal agent of Chestnut blight, Cryphonectria parasitica, and the canker 
pathogens of Eucalyptus species in the genus Chrysoporthe. The Eucalyptus canker 
pathogens C. austroafricana, C. cubensis, C. deuterocubensis and Holocryphia eucalypti, 
have all been recorded to cause disease on various tree and shrub species in the Myrtales. 
These fungi apparently occur on native Myrtales in their regions of origin, but have 
undergone host shifts to cause diseases of Myrtales, where they have been introduced as non-
natives in other parts of the world. A preliminary inspection of non-native Syzygium jambos 
and other Myrtaceae on the Hawaiian Islands led to the collection of isolates of C. 
deuterocubensis. This fungus was especially common on trees infected by the invasive alien 
rust pathogen Puccinia psidii and it appeared to play an important role in tree death. 
Subsequent surveys were conducted on three islands in order to obtain a more comprehensive 
view of the diversity and impact of the Cryphonectriaceae on P. psidii infected trees. Isolates 
were identified based on morphology and multiple gene sequence data. Five species residing 
in the Cryphonectriaceae, including C. deuterocubensis, Celoporthe guangdongensis, 
Microthia havanensis and two undescribed species of Celoporthe were found. Of these fungi, 
C. deuterocubensis was most commonly collected. Population genetic studies on isolates of 
C. deuterocubensis, using microsatellite markers showed that only one haplotype was 
present. This lack of diversity provides robust evidence that the pathogen has been introduced 
onto the Hawaiian Islands. The role of these Cryphonectriaceae in the death of P. psidii-
infected trees is currently being investigated and future studies should consider the potential 
threat of these fungi to native Myrtaceae such as Metrosideros polymorpha (Ohia) on the 
islands. 
 
Keywords: Diversity, Chrysoporthe, canker 
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Population genomics data revealed adaptive divergence in Ophiostoma montium, a bark 


beetle symbiont pathogenic to conifer 
Jianfeng Mao1, Braham Dhillon1, Kin-Ming (Clement) Tsui1*, Richard Hamelin1 
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The ascomycete, Ophiostoma montium (Ophiostomatales, Ascomycota), is associated with 
the Mountain Pine Beetle (MPB) which has destroyed 18 million hectare of lodgepole pine 
forest in western Canada in the last two decade. O. montium has been considered a weak 
pathogen to the lodgepole pine and has formed symbiotic relationship with MPB relatively 
recent. To gain further insight into the population dynamics and its evolutionary history with 
MPB, we sequenced the genomes de novo of 37 O. montium isolates collected from two 
conifer species covering 18 geographic locations in Canada and United States. One isolate 
representing the most common genotype was sequenced with greater depth as the reference 
genome. Multiple analyses using genetic distance and pattern of genome-wide variants, and 
isolation by distance identified three population lineages, corresponding to various conifer 
hosts and major geographic regions: USA, The Rocky Mountains (Rocky), and northern 
Canada (NC). Linkage disequilibria (LD) between variants decayed quickly in both Rocky 
and NC lineages, indicating an increase in genomic recombination and/or high effective 
population size. Presence of genomic regions with high LD and negative Tajima's D 
demonstrated population size expansion (after bottleneck or a selection sweep) and/or 
purifying selection occurred in the NC lineage. Also genome recombination events were 
discovered in lineages experiencing various demographic histories. Our study highlights the 
value of whole genome sequencing in investigations of pathogen evolutionary dynamics and 
population genetics. 
 
Keywords: Forest pathology, population genetics, disease outbreak, insect symbionts, 
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Culture-independent microsatellite genotyping of Aphanomyces astaci – a powerful tool 
for molecular epidemiology studies of past and more recent crayfish plague epizootics 
Trude Vrålstad1*, Frederic Grandjean2, Eva Kozubíková-Balcarová3, Lenka Filipová2, David Strand1, Carine 


Delaunay2, Adam Petrusek3 
 
1Department of Laboratory Services, Section of Mycology, Norwegian Veterinary Institute, Norway 
2Laboratoire Ecologie et Biologie des Interactions, UMR 7267 CNRS, Universite´ de Poitiers, France 
3Department of Ecology, Charles University in Prague, Czech Republic 


 
Five genotype groups of the crayfish plague pathogen Aphanomyces astaci have been 
identified on the basis of axenic culture RAPD analysis. Cultures are however difficult to 
obtain, and numerous crayfish plague epizootics lack genotype group information. For the 
past decade, many outbreaks have been confirmed by molecular detection of A. astaci from 
crayfish tissues, but the involved genotype group commonly remains unknown. Now, newly 
developed microsatellite markers allow unambiguous characterization of A. astaci genotype 
groups directly from infected crayfish. Analyses using these markers support the hypothesis 
that the North American crayfish hosts invasive in Europe each carry a specific genotype 
group of the pathogen. The exception is A. astaci genotype group A, which has sustained in 
Europe for ~150 years in the absence of a North American crayfish host. We have analyzed 
preserved crayfish tissues representing some crayfish plague epizootics in the Czech 
Republic, France, and Norway. Our results show that the A. astaci genotype groups 
responsible for these epizootics correspond to the known area distribution of invasive North 
American carrier crayfish hosts. However, genotype group A has also played a role both in 
past as well as more recent outbreaks, and a putative novel genotype was recorded in one 
outbreak. Noteworthy, even 40 year old crayfish materials stored in 30% ethanol yielded 
unambiguous results. Thus, microsatellite genotyping can efficiently determine the involved 
A. astaci genotype group from crayfish mass mortalities wherever preserved materials exist. 
This opens new possibilities for studies on crayfish plague pathogen diversity and molecular 
epidemiology. 
 
Keywords: Aphanomyces astaci, crayfish plague, oomycetes, microsatellites, molecular 
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Endophyte infection frequencies and polyploidy in plant populations are well-documented 
but treated separately in past literature. In this study we analyzed geographic patterns of 
ploidy levels and systemic fungal endophyte infection frequencies of 29 Festuca rubra L. 
(well adapted species to wide range of environmental conditions) populations across latitudes 
from Spain to northernmost Finland and Greenland. We found that both endophyte infection 
frequencies and ploidy levels varied among and within populations. However, we could not 
detect clear geographic gradient in the frequencies of endophyte infected plants. Overall, 27% 
of grasses were infected. Infection frequencies varied from 0% to 81%. Practically all 
examined plants collected from southern Finland and Greenland were endophyte-free. In 
contrast to infection frequencies, ploidy level seemed to be positively correlated with latitude. 
Most of the plants were hexaploids (2n=42; 83%), but also tetraploid (2n=28; 10%) and 
octoploid (2n=56; 7 %) plants were detected. Tetraploid plants were particularly common in 
Spanish populations (86%), and one of the populations in the northernmost Finland had only 
octoploid plants. Noteworthy is, however, that the positive correlation between ploidy level 
and latitude results from mostly tetraploid Spanish populations in the south and one octoploid 
population collected in northernmost Finland. Thus, we conclude that latitude may only 
partly explain the frequencies of detected ploidy levels. The detected infection frequencies 
and ploidy levels probably mirror past distribution history of plants after glaciation period, 
and local adaptations to past or prevailing selection forces as suggested by geographic mosaic 
theory. 
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Species richness and composition of ectomycorrhizal (ECM) fungal communities vary with 
space and time. Previous studies have examined temporal patterns of ECM for up to a one 
year, but it remains unclear whether such temporal patterns can change annually or can be 
related to environmental, climatic and spatial factors. In this study, we investigated a 
temporal pattern of ECM for two years and evaluated relative effects of environmental, 
climatic, spatial, and temporal factors with variation partitioning. We established four 
continuous plots (10 × 10m) in a Castanopsis-dominated subtropical forest and sampled fine 
roots in FH-layer eight times at 3-month interval from July 2009 to April 2011. From root 
tips in each sample, total DNA was extracted and fungal rDNA ITS1 regions were amplified 
and sequenced with 454 pyrosequencer. We detected 123 operational taxonomic units 
(OTUs) of ECM fungi. Common families were Russulaceae, Thelephoraceae, Boletaceae 
and Cortinariaceae. The result of Mantel test showed that the distance among the sampling 
dates was positively correlated with the ECM OTU community dissimilarity, indicating that 
ECM OTU composition was changed continuously during the study period regardless of 
season or year. The temporal turnover of ECM was significantly affected by environmental, 
climatic, spatial, and temporal factors. The variation partitioning revealed that the pure effect 
of each of the four factors ranged between 1.7-4.3%, and totally 11.5% of the variation was 
explained. Our results suggest that untested factors such as soil chemistry, host root turnover, 
and interaction between ECM species can also contribute to this temporal turnover. 
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In forest ecosystems, plant communities shape soil fungal communities through the 
provisioning of carbon. Although the variation in forest composition with latitude is well 
established, little is known about how soil fungal communities vary with latitude. We 
collected soil samples from 17 forests, along a latitudinal transect in western China. Forest 
types covered included boreal, temperate, subtropical and tropical forests. We used 454 
pyrosequencing techniques to analyze the soil communities. These data were correlated with 
abiotic and biotic variables to determine which factors most strongly influenced fungal 
community composition. Our results indicated that temperature, latitude, and plant diversity 
most strongly influence soil fungal community composition. Fungal diversity patterns were 
unimodal, with temperate forests (mid latitude) exhibiting the greatest diversity. Furthermore, 
these diversity patterns indicate that fungal diversity was highest in the forest systems with 
the lowest tree diversity (temperate forests). Different forest systems were dominated by 
different fungal subgroups, ectomycorrhizal fungi dominated in boreal and temperate forests; 
endomycorrhizal fungi dominated in the tropical rainforests, and non-mycorrhizal fungi were 
best represented in subtropical forests. Our results suggest that soil fungal communities are 
strongly dependent on vegetation type, with fungal diversity displaying an inverse 
relationship to plant diversity. 
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The results of a molecular phylogenetic analysis of entomogenous fungi Cordyceps sensu 
lato (Ascomycota: Hypocreales) in the Amazon region are presented. A partial 
characterization of SSU, LSU, TEF, RPB1 and RPB2 nuclear loci, an examination of the 
morphology of the fungi, and an accurate identification of the hosts and their habitats were 
realized. This study is based on the examination of 159 specimens collected in Colombia 
combined with material from Brazil, Ecuador and Guyana. A total of 48 different species 
were identified from which 32 species constitute new records for Colombia and seven are 
new species. The hypothesis of the host having a role in the speciation of Cordyceps sensu 
lato was partially confirmed and the hypothesis that the phylogenetic tree of Cordyceps sensu 
lato is a mirror image of the phylogenetic tree of their insect host was refuted. Rather, the 
phylogenetic tree of Cordyceps sensu lato showed a topology according with the habitat and 
distribution of the host. This argument is confirmed for the genus Cordyceps sensu stricto 
regarding C. locustiphila, C. acridophila and C. diapheromeriphila with their Orthopterida 
hosts; and C. caloceroides, C. nidus and C. arusii according with their Arachnida host. 
Additionally, the same argument was applied within the Ophiocordyceps genus for five new 
species described here: O. blattarioides, O. tiputini, O. araracuarensis, O. fulgoromorphila 
and O. evansii. All of them were proposed based on the nucleotide divergence evidenced by 
the species separation correlated with the host, when the host is regarded as an ecological 
niche. 
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Fruitbodies of many fungi are large enough to host various groups of organisms with majority 
of fungivores belonging to a dozen families of Diptera. Our study focused on fungus gnats 
(Sciaroidea, Nematocera, Diptera), the core group of primary fungivores inhabiting soft and 
fleshy fungal fruitbodies. We examined the diversity of fungus gnats in relation to their 
mushroom hosts based on quantitative data of their associations. At the studied boreal forest 
sites 80% of mushroom species and 74% of fruitbodies were colonised by fungus gnats. In 
both groups one third of the species were common, each being associated with three partner 
species at median. Among the common fungal genera, gnat species richness was significantly 
higher in Cortinarius and lower in Amanita. Comparison of host’s species richness 
distinguished oligo- and polyphages among the common fungus gnats, with the few 
monophages feeding on fruitbodies from one genus. Unpredictability and ephemeral nature of 
mushrooms supposedly restricts specialisation at host’s species level, frequent among 
herbivores. The analysis of interaction abundancies revealed fungus gnats as a homogenous 
guild of fungivorous insects while distinguishing between saprotrophic and ectomycorrhizal 
mushroom genera. Species richness of gnats strongly correlated with that of host genera but 
appeared rather to correspond to the taxonomic and ecological diversity in the three sampled 
orders, declining from Agaricales to Boletales and subsequently to Russulales. 
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Many wood inhabiting insects depend on symbioses with micro-organisms to access and 
augment the nutrients in wood. A clear example is found in the woodwasp, Sirex noctilio that 
has highly specific and mutualistic relationship with the white-rot basidiomycete, 
Amylostereum areolatum. The wasp larvae have an obligate dependence on the ability of the 
fungus to decay wood and thus to release nutrients. Sirex has consequently evolved elaborate 
organs and systems to protect and transmit asexual spores of the fungus between generations, 
while (in its native range) the fungus maintains a free-living sexual cycle. We have used 
phylogenetic, population genetic and whole genome analysis of A. areolatum to consider how 
such a close mutualism, dependent on asexual propagation and the carbohydrate degrading 
abilities of a fungus, can be maintained over long periods of time. Results show that 
genotypes emerging from the free-living, sexual cycle of A. areolatum are acquired by the 
wasps, although this occurs infrequently. The mating type loci also appear to be unaffected 
by the close association with the wasp, and are apparently maintained in a functional state, 
even in long-retained asexual wasp-associated strains. The cellolytic and lignin degrading 
genes of A. areolatum are similar to those found in other white-rot Basidiomycota. Overall, 
the effect of the mutualism on the genome of A. areolatum appears to be minimal. 
Maintaining access to a free-living sexual cycle is most likely required to maintain the fitness 
of the wasp-associated lineages, which would otherwise be subject to genetic decay due to 
prolonged asexual transmission. 
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Secondary metabolites are a structurally diverse group of low molecular mass compounds 
that are produced by microorganisms. Although the evolutionary importance of secondary 
metabolites is often unclear, it has been hypothesized that these compounds serve as chemical 
signals for communication and some also possess bioactive properties assisting the producer 
to defend itself or to inhibit the growth of competitors. The ability of fungal communities to 
produce secondary metabolites has been extensively studied at lower latitudes. However, 
little is known about the occurrence, function and adaptation of soil fungi from the polar 
regions. In the current study we (i) screened for antimicrobial properties of cold-environment 
Arctic and Antarctic soil fungi; (ii) identified how the secretion of secondary metabolites 
changed in respond to temperature variation. A total of 40 soil fungal strains originally 
isolated from King George Island (South Shetland Islands, maritime Antarctic) and Hornsund 
(Svalbard, High Arctic) were obtained from the National Antarctic Research Centre culture 
collections. The plug assay technique was used to screen for antimicrobial potential against 
Gram positive and Gram negative human pathogenic bacteria. Strain HND 11R 8-1, a 
Penicillium sp. sample from Hornsund, showed good activity against two Gram positive and 
two Gram negative bacteria. An Antarctic strain of Geomyces pannorum showed good 
activity against B. subtilis, and E. coli. A mitosporic fungal strain and a Thelebolus sp. were 
able to inhibit the growth of B. subtilis. These active fungal strains were then subjected to 
secondary metabolite profile analysis after culturing at different temperatures (5°C, 15°C, 
25°C) using the MECSUS protocol to identify changes in the pattern of secondary 
metabolite.These data will allow us to examine the connection between predicted levels of 
environmental change (temperature), secretion of secondary metabolites, and impacts within 
the overall soil microbial ecosystem. 
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Deception Island, an active volcano with heated soils and rare flora in the South Shetland 
Islands, has a diverse fungal assemblage that differs from other Antarctic sites. Activities 
from whaling, scientific research and military bases over the past centuries left an abundance 
of wood and other artifacts on the island. These investigations identified a diverse community 
of fungi in the wood and characterized the type of decay caused by these fungi. Cadophora 
species were the most prominent ascomycota found, including several apparently new species 
that appear closely related to C. fastigiata, causing a soft rot in the wood. Adaptation of the 
Cadophora species to extreme conditions was also tested and tolerance to high concentrations 
of salt and copper in media tests were observed. In addition, fungi previously reported to be 
dark septateendophytes (DSE) in plants were also abundant and included species of 
Coniochaete, Lecythophora, Leptodontium, Mollisia, Phialocephala, and Phoma, indicating a 
saprobic lifestyle. Filamentous basidiomycetes included Hypochniciellum, Pholiota, Jaapia, 
Coniophora, Postia, Hyphodontia, Hypochnicium and others. These fungi cause brown or 
white rot type of degradation and are not commonly found in other Polar Regions. 
Phylogenetic analysis of cultured fungi from heated soils (as high as 60°C) associated with 
bryophytes show a dominance of DSE-like fungi in the Lecythophora/ Coniochaeta complex 
and several undescribed species. 
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Mat forming lichens (MFLs) are ecologically significant components of sub-arctic vegetation 
and they comprise some of the most abundant fungi on earth. Evidence suggests that MFLs 
competitively exclude vascular plants in oligotrophic subarctic environments. Competitive 
exclusion in autotrophs is associated not only with achievement of greater size but also with 
the capacity for the canopies of established plants to exert deleterious effects on potential 
competitors (dominance sensu Grime). Here we use X-ray micro-computed tomography to 
quantify the 3-dimensional structure of a range of MFL species and demonstrate that lichen 
mats ≥ 65 mm deep have “Leaf” Area Index and Canopy Gap Fraction values comparable to 
those of tropical rain forest canopies while field measurements show that inorganic N capture 
from rainfall largely occurs in the thallus apices. As a result light is reduced below survivable 
levels for vascular plants and bryophytes while a zone of nitrogen depletion also exists 
beneath 30mm. Combining the effects, an analogy is drawn between investment in the 
understory of lichen mats and investment in stem structure in tree canopies. Conceptually, the 
similarity between the profiles of lichen canopies and those of vascular plants constitute a 
fine demonstration of parallel evolution in the structure of autotrophs. 
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Fungi are extremely important form of organisms and have a prime place in the biological 
world. Fungi those are visible to the naked eye and greater than 1 mm, scientifically known 
as macrofungi. The objective of this study includes documentation of macrofungi and 
assessment of macrofungal diversity. Seventy transects each measuring 50x 20 m were laid in 
sampling stations of Western Ghats. The study sites were selected randomly and macrofungi 
were collected during January 2007 to December 2011. A total of 15,479 sporomas were 
collected during 2007-11 and maximum productivity was recorded during 2007 and lowest in 
2011 with 2064 individuals. The relationship between macrofungal species richness and 
sampling plots were analyzed using linear regression. Agaricaceae, Psyathrellaceae and 
Polyporaceae were found to be the most dominant families and ranked among top three 
families during study. Lepiota, Agaricus,  Clitocybe, Coprinellus, Mycena, Panaeolus and 
Psathyrella were the most dominating genera during five years study (2007-11). Russula 
atropurpurea, Armillaria mellea, Boletus pulverulentus, Crinipellis scabella, Gymnopus 
fusipes, Panaeolus fimicola, Porodaedalea chrysoloma and Scutellinia erinaceus were the 
most predominating species. The Shannon diversity and Simpson diversity indices were 
found to be highest during 2007 and 2011 (H'= 4.52; D= 0.021) respectively. The contrasting 
patterns of macrofungal diversity are suggested to be a consequence of many macrofungal 
species is the result of fruiting of macrofungi, being unable to produce fruitbodies or to 
produce inconspicuous ones. Other explanations include large differences in reproductive and 
explorative strategies among macrofungi. In addition, the optimum fruiting conditions for 
some species may not have occurred during years. Despite these limitations, the current fruit 
body survey is still a useful way to assess the macrofungal diversity. 
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Arctic tundra regions have been responding to global warming by visible changes in plant 
community composition. Even though, it is well-known that arctic vegetation is strongly 
dependent on fungi, as they control carbon and nutrient cycling, there is currently no 
understanding how fungal community composition will change with climate warming. In this 
study, we coupled long-term experimental warming and deep Ion Torrent sequencing of soil 
samples to estimate the effect of experimental summer warming on the diversity and 
community composition of ascomycetous fungi in dry and mesic tundra types. Warming 
significantly altered ascomycetous community composition, with stronger responses 
observed in mesic tundra sites compared to dry tundra. Although total operational taxonomic 
unit (OTU) richness was not affected by the warming, two orders – Geoglossales and 
Lecanorales - correlated negatively in diversity with warming in both tundra types, while 
richness in the order Hypocreales and the genus Geomyces was higher in the warming 
treatment. OTU richness of the most diverse order, Helotiales, did not correlate with any of 
the temperature treatments, but community composition was strongly altered by warming in 
the mesic tundra. Simultaneous shifts in both vegetation and soil fungal communities may be 
indicative of the coupled changes in the tundra ecosystems, as low arctic landscapes undergo 
transitions from a moss-, lichen- and graminoid-dominated to a shrub dominated vegetation. 
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Climate change and man-made influences on morel mushroom proliferation  
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The proliferation of mushroom fruitbodies in a certain site in natural habitat is affected by a 
range of factors, some of which are related to local man-made activities, while other are 
controlled by climate changes. Increase in wildfire events, their severity and the area size 
affected is considered to be one of the outcomes of climate changes. However, man-made 
fires are also increasing. Fires affect the whole ecosystem, including the fungal population 
and mushroom fruiting. Morels (Morchella spp., Pezizales) are important edible mushrooms, 
known for their delicate taste and aroma, exhibiting a range of mycorrhizal relationships with 
higher plants. A long-term observation on morel proliferation of mycorrhizal and free living 
morel populations in Israel was conducted. This enable to point out effects of changes in 
climate and of soil disruption, specially fires, on both mushrooms' populations. While the 
mycorrhizal type fruited steadily, although in low population level, the free living type fruited 
for a short period, after environmental disruption. Yet, both types were affected markedly by 
fire events, defining morels as pyrophilous fungi. Forest management actions performed after 
the fire event affected both morel ecotypes' populations, along with local climate conditions. 
The fire event affected the plantation and the soil chemical and biological characteristics. 
Overall, our observations contribute to both understanding the factors affecting morel fruiting 
in nature, and to potential of manipulation the morel population for forest conservation and 
rehabilitation. 
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Across the Arctic, ectomycorrhizal trees are expected to expand into current tundra as climate 
warms. This is thought to be linked to higher inorganic nutrient availabilities due to faster 
decomposition of organic matter. However, here we test the hypothesis that trees through 
their association with ectomycorrhizal fungi increase nutrient cycling directly from organic 
matter resulting in a more closed N cycle. We studied a subarctic-alpine ecotone from 
mountain birch forest to heath tundra and found a strong positive coupling between tree 
abundance and ectomycorrhizal fungal growth (ingrowth bags), both of which were 
negatively coupled with C sequestration. By 454-sequencing we identified a shift in 
dominance from root-associated ascomycetes in the heath to cord-forming ectomycorrhizal 
fungi in the forest. High C/N-ratios and low inorganic N levels in the forest humus suggest a 
more efficient mobilization of N from the soil, linked to higher activities of these 
ectomycorrhizal fungi. Further, bacterial-to-fungal biomass ratios and abundances of genes 
reflecting the size of denitrifier and bacterial ammonia oxidizing communities (qPCR) were 
lower in the forest. Together, our data suggest that the lower C sequestration rate in the 
forest, albeit higher litter inputs, is a consequence of a more efficient ectomycorrhizal N 
foraging from organic pools, which in turn restricts N cycling through inorganic pools. 
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Increasing human activities with urbanization put various loads to the natural environment 
including urban forests. In particular, the limited dispersal caused by habitat fragmentation 
leads to decrease in biodiversity. For tree endophytes, main factors determining fungal 
community are considered as host phylogeny and surrounding environment. We hypothesized 
that infection source of endophytic fungi of some tree species are limited in urban isolated 
forests like “islands” and endophytic diversity declines in urban forests. To clarify the effect 
of forest isolation with urbanization on endophytic fungal community in temperate forest, we 
isolated leaf endophytes from 17 tree species of 9 families in 7 orders growing in 12 plots in 
4 urban and rural forest sites As a result, fungal composition was similar within Quercus, 
Carpinus, Prunus and Cupressaceae across the urban and the rural forests. In most plots and 
sites, the similarity of endophytic community and phylogenic distance of hosts had 
significantly negative correlation, while host geographic distance had significantly negative 
correlation in urban forests. The higher IF (isolation frequency) of host specific fungi in Q. 
serrata was observed as host density was higher in urban forests. From these results, 
limitation of infection source in urban forests with low host density has negative effect on 
host specific fungi, and thus endophytic communities among different tree species become 
homogenous. 
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Saprotrophic soil fungi shape the endophytic communities in mistletoes and  


their pine hosts 
Derek Persoh1* 


 
1AG Geobotanik, Ruhr-Universität Bochum, Germany 


 
An immense diversity of endophytic fungi has been found in almost every host plant species 
analyzed so far. However, the factors shaping the endophytic communities remain largely 
unknown. I addressed the factors host and organ selectivity, organ age and geographical 
distance by pyrosequencing of fungal ITS1 rRNA gene amplicons in 10 replicates of DNA 
extracts from each of 17 surface-sterilized leaf and stem samples of mistletoes and their pine 
hosts. Host species and organ type were the major factors shaping the fungal communities. In 
contrast to pines, the endophytic communities in the two mistletoe organs were 
indistinguishable. Furthermore, endofoliar fungal communities did not differ between 1, 2, 
and 3-year old leaves and needles. They differed slightly between the two sampling sites, 
lying 200 km apart, and between the three sampling campaigns. Because the samples were 
drawn within 15 days, this finding indicates that seasonal shifts clearly outweigh aging 
effects in young organs of host plants with perennial leaves. Surprisingly, the fungi 
predominantly responsible for differences between hosts and organs were assignable to 
different representatives of Mortierella. Accordingly, some species of Mortierella, which are 
well known as saprotrophic soil fungi, seem to possess an endophytic life stage, during which 
they are selective for certain hosts and/or organs. 
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Biogeographic distribution of Botryosphaeriaceae as an illustration of the global 


movement of plant associated fungi 
Bernard Slippers1*, Martin Kemler1, Fahimeh Jami2, Elsie Cruywagen2, Jolanda Roux2, Michael J Wingfield1 
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The global movement of plant pathogens represents a huge threat to food security, plant 
ecosystems and world economies. This is especially complicated for endophytes and latent 
pathogens, which cannot be detected by quarantine systems, that generally rely on inspection 
for disease symptoms or by screening for a small number of known and serious pathogens. 
Infections by fungi such as the Botryosphaeriaceae, however, persist in healthy plant material 
for extensive periods of time; potentially years or decades. We have used this group of fungi 
as a model to illustrate the impact that endophyte spread through plant material could have on 
the global homogenization of plant-associated fungi. DNA sequence-based community and 
phylogenetic analyses were used to characterize the magnitude of the Botryosphaeriaceae 
diversity infecting healthy trees, including Eucalyptus, Syzygium, Acacia, Baobab and others. 
In addition, phylogenetic data were used to characterize the distribution of various species of 
the Botryosphaeriaceae around the world. These studies showed that the endophytic 
communities are incredibly diverse, and they include a rich in diversity of pathogenic groups 
such as the Botryosphaeriaceae and others. Furthermore, the diversity and lack of 
phylogeographic structure associated with the global distribution of some Botryosphaeriaceae 
illustrates how these fungi have been spread globally, both frequently and recently. These 
patterns of distribution are not likely to be due to natural spread, especially considering their 
known rain-splash modes of distribution. The results illustrate a worrying example of how 
endophytic latent pathogens can and are being spread through plant material moved by 
humans. 
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Effects of forest management and temporal changes on litter dwelling fungal 


communities in Central Europe 
Witoon Purahong1*, Dirk Krüger1, François Buscot1, Tesfaye Wubet1 


 
1Department of Soil Ecology, UFZ-Helmholtz Centre for Environmental Research, Germany 


 
Forest system management practices (FMPs) significantly influence important forest 
ecological processes and services such as decomposition and nutrient cycling. Changes to 
leaf litter diversity (quality) and microbial communities induced by different FMPs were 
hypothesized to be the main drivers causing high decomposition rates and nutrient release in 
managed forests. In a 15 months litter bag experiment with 4 sampling times conducted in the 
German Biodiversity Exploratories, we aimed to investigate the effects of FMPs on fungal 
communities in leaf litter over time using culture independent molecular methods. 
Furthermore, we assessed if altered fungal community development provides the mechanism 
for non-additive decomposition rates occurring in mixed leaf litter under different FMPs. Our 
results showed that fungal communities in leaf litter were strongly influenced by both FMPs 
(R = 0.69, P = 0.001) and days after incubation (R = 0.80, P = 0.001). The results from 
NMDS ordination revealed distinct patterns of fungal community development over time in 
leaf litter under different FMPs. We demonstrated that FMPs and day after incubation (DAI) 
influenced a range of factors, including leaf litter quality, microbial macronutrients and pH, 
which significantly influenced fungal community development. Alteration of microbial 
community development can be one of the mechanisms explaining non-additive 
decomposition rates occurring in mixed leaf litter under different FMPs. The identities of the 
fungal communities gained by pyrosequencing combined with enzymatic activity in leaf litter 
will be discussed with particular emphasis to unravel the connections between fungal 
community dynamics, decomposition and nutrient cycling in forest ecosystem. 
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The fungal factor in natural variation of wood decay rates 


Annemieke van der Wal1*, Paulien klein Gunnewiek1, Hans Cornelissen2, Wietse de Boer1 
 
1Microbial Ecology, NIOO-KNAW, Netherlands 
2Ecological Science, VU University, Netherlands 


 
Most wood decomposition models are based on tree characteristics and environmental 
conditions, however, fungal community dynamics are not included. This is remarkable since 
fungal communities are the most direct drivers of wood decay rates. Neglecting fungal 
dynamics may possibly explain the gap between observed and predicted wood decay rates. In 
this study we aim to assess how dynamics of fungal communities contribute to the prediction 
of local variation in wood decay rates. We set up a common garden experiment in which 16 
replicate plots, consisting of nine logs of two tree species (Larix kaempferi and Quercus 
rubra), were placed within a forest stand. At the time of cutting, we determined for each tree 
the diameter, heartwood and sapwood density, moisture content and the fungal community 
composition using 454-pyrosequencing of ITS. Next, each year for nine years, one log of 
each plot will be taken to the lab to determine again these variables. In this presentation 
results of the first two harvests will be shown. Already after 1 year of decomposition of Larix 
sapwood, the number of fungal operational taxonomic units (OTUs) decreased drastically. 
Composition of fungal communities was significantly different between heartwood and 
sapwood. Sapwood decayed much faster than heartwood for both tree species and much 
variation in decay and fungal community composition among the logs was found. We 
demonstrate a significant relation between sapwood decay rate and fungal community 
composition and discuss how community assembly processes could affect predictions of 
carbon cycling in forest ecosystems. 
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Functional diversity of fungi in decomposing beech litter – insights from 


metatranscriptomics 
Derek Persoh1*, Andreas Brachmann2 
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Forest litter is composed of a variety of substrates, which are considered to be successively 
degraded according to their accessibility by the fungal community, which again changes with 
proceeding decomposition. However, recent studies indicate that even the most recalcitrant 
substances (i.e. lignin) are attacked in the initial decomposition phase, suggesting a 
simultaneous, rather than a successive degradation of the different plant components. We 
sequenced the mRNA expressed by the fungal community (=metatranscriptome) in the 
fragmented litter layer of a beech forest. The obtained 10,952,500 sequence reads were 
assembled to 124,179 contigs. Different software pipelines were applied to assign the contigs 
to gene families. Expression profiles of the encoded enzymes were mapped onto KEGG 
pathway maps. The study revealed that metabolic pathways related to the decomposition of 
all major plant compounds were actually expressed by the fungal decomposer community. 
However, expression rates and taxonomic diversity of the respective degraders differed 
significantly among target compounds. 
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Protein profiling using MALDI-TOF-MS for characteri zation and identification of 
basidiomycetes 


Ryosuke Hamada1*, Sakae Horisawa1 
 
1School of Environmental Science and Engineering, Kochi University of Technology, Japan 


  
Identification and characterization of microbes are important in medical care, food 
processing, agricultural production, pest control, and microbial ecology research. Because 
diagnosis of fungal species based on morphology is error-prone, biomolecular assay has 
come to be used for identification of microbial species. DNA based assay is simple and 
highly reproducible and sensitive. Protein based approach using MALDI TOF-MS is also 
simple, rapid and reliable for bacterial identification and is less expensive than DNA based 
assay. MALDI TOF-MS analyzes the spectra of bacterial proteins, the majority of which are 
likely ribosomal. Identification is determined by comparing the spectra (peaks based on 
mass/charge ratio) to a reference library. The library for identifying many bacteria and some 
ascomycetes has been constructed, however, there are not the data of basidiomycetes. In the 
present study, the MS spectra of 25 basidiomycetes which were chosen from wood rot fungi 
were obtained and compared to investigate differences among species and diversity in each 
species. The MS spectra patterns were enough different even among related species. 
Therefore, MALDI TOF-MS assay is considered to be usable for identification of 
basidiomycete species. 
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A PCR detection system for the discrimination between basidiomycetous isolates 
(Hymenochaetales) associated with grapevine trunk disease 


Michael Bester1*, Lizel Mostert2, Francois Halleen1 
 
1Plant Protection Division, Agricultural Research Council, South Africa 
2Plant Pathology, Stellenbosch University, South Africa 


 
Grapevine trunk disease threatens the economic livelihood and lifespan of vineyards. Eutypa 
dieback, Petri- and esca disease have been identified as the major disease complexes, and 
involve the colonisation and blocking of vascular tissue followed by wood rot. Fungal 
pathogens involved in the development of these diseases belong to the phyla Ascomycota 
(Ascomycetes) and Basidiomycota (Basidiomycetes) as well as the “fungal-like” Oomycete 
class. Of these, basidiomycetous fungi appear to act later in the more advanced stages of 
trunk disease. Previously it was shown that basidiomycetous isolates from geographically 
diverse grape growing regions from South Africa can be arranged into ten distinct 
phylogenetic taxa based on sequence information of the 5.8 S rRNA genomic region 
including the two flanking internal transcribed spacers (ITS). Furthermore the same study 
showed that these taxa position among genera of the family Hymenochaetaceae including 
Fomitiporia and Phellinus. Hundreds of such basidiomycetous isolates have been collected 
by our research group from diseased grapevines and vineyard spore traps. To better 
understand the epidemiology of grapevine trunk disease it is essential that these isolates be 
efficiently detected, identified and characterised. Here we describe the development of a PCR 
assay using taxon-specific primers that can efficiently detect and differentiate between the 10 
different basidiomycetous taxa. In particular we show that (1) each taxon-specific primer set 
exclusively detects isolates from the targeted taxon and (2) that all isolates belonging to a 
specific taxon are detected by the corresponding taxon-specific primer set, thus proving 
specificity and robustness for this detection system. 
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Correlation between two conventional methodologies applied to the laboratorial 
diagnosis of sporotrichosis 
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Claudia Vera Pizzini2, Maria Clara Gutierrez-Galhardo3, Rosely Zancope-Oliveira2 
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Since 1998, a zoonotic sporotrichosis epidemic has been described in Rio de Janeiro, Brazil. 
The gold standard for the sporotrichosis diagnosis is culture; however, serologic, 
histopathologic and molecular approaches have been recently adopted for the diagnosis of 
this mycosis. The right interpretation of the results is crucial to assure the proper treatment of 
the patients. Here, a retrospective study (2011-2012) of 198 patients suspecting to have 
sporotrichosis, followed in the Dermatology and Mycology Laboratories (INI/FIOCRUZ) 
was conducted. Isolation of Sporothrix spp from clinical samples in culture as well anti-
Sporotrhix antibody detection by an Enzyme Linked Immunosorbent Assay (ELISA) were 
applied in our patients. Overall, isolation and antibody detection was observed in 84 patients 
(42.4%). Forty-one patients (20.7%) showed negative results in both techniques and 73 
patients (36.9%) presented divergent results, with a Kappa value of 0,239, suggesting a 
reasonable correlation among the techniques. False negative results in ELISA were observed 
in 23 patients (31.5%). It was not able to correlate the two methodologies in 50 patients that 
presented positive serology but cultures in 31 (62%) of them were contaminated by bacteria 
or non-pathogenic fungi, and in 19 patients (38%) there was no growth of Sporothrix after 4 
weeks of incubation. These results show that these two techniques complement the diagnosis 
of sporothricosis, making diagnosis faster and more precise. 
 
Keywords: Sporotrichosis, diagnosis, serology, mycology, Sporothrix spp 


  
*Presenter: Rodrigo Almeida-Paes 
Email: rodrigo.paes@ipec.fiocruz.br 
 
 







 317 


O 5.1.4 
 
Scientific Theme : 5 Phylogenetics, Evolution and Systematics 
Session : 5.1 Molecular techniques for the detection and diagnostics of fungi 
 
Account ID IMC1448  
Abstract ID ABS1152 
 
A comparison of dilution-to-extinction culturing and pyrosequencing extends our view 


of the fungal biodiversity of house dust 
Yuuri Hirooka1*, Joey Tanney2, Satpal Bilkhu1, Nan Zhang1, Hai Nguyen3, Anthony Amend4, Cobus Visagie5, 


Martin Meijer5, Robert Samson5, Keith Seifert1 
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Humans share the indoor environment with diverse microbial communities. Our current 
knowledge of the biodiversity of the indoor mycobiota is incomplete. Culture-dependent 
methods are time-consuming and may favour fast-growing fungi over slow growing species. 
High throughput sequencing enables assessment of environmental samples, capturing more 
diversity than culturing methods. However, these methods cannot distinguish living from 
dead fungi, or identify transient fungi that are not actually living in buildings. The isolation of 
fungal cultures provides material for morphological identification, sequencing of additional 
genes or genomes, secondary metabolite profiling, identification of described species not 
represented in reference sequence databases, and the description of novel species. In this 
study, we conducted parallel processing of samples using direct pyrosequencing and 
sequencing of cultures isolated by dilution-to-extinction. ITS sequences were used to assess 
the fungal diversity from multiple buildings in 14 countries. The pyrosequencing data yielded 
194,243 ITS sequences (135,215 OTUs at 100% similarity). Preliminary results show that of 
the 1,228 OTUs (at 100%) identified among the 2,590 sequences generated from cultures, 
only 505 were also detected in the pyrosequencing data. These results indicate the 
complementarity of both culture-dependent and culture-independent methods when assessing 
the fungal species in the built environment. 
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Radiating Ramularia revisited 
Sandra I. R. Videira1*, Johannes Z. Groenewald1, Pedro W. Crous1 
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The genus Ramularia is a species-rich genus that harbours plant pathogens responsible for 
considerable yield losses in important crops like barley, sugar beet and strawberry. Species of 
Ramularia sensu stricto (Mycosphaerellaceae) are hyphomycetes with hyaline conidiophores 
and conidia with distinct, thickened, darkened, refractive conidial scars, and Mycosphaerella 
sexual morphs. Because of its simple morphology and general lack of molecular DNA data, 
several allied genera are frequently confused with Ramularia. In order to improve the 
delimitation of species and genera from the Ramularia complex, we used a polyphasic 
approach based on multilocus DNA sequence, morphological and cultural data. In this study 
we included a total of 360 strains of Ramularia and allied genera for which six partial genes 
(LSU, ITS, ACT, TEF, HIS, GAPDH and RPB2) were amplified and sequenced. Although 
Ramularia and Ramulariopsis proved to be monophyletic, Pseudocercosporella and 
Cercosporella were polyphyletic. Phacellium strains, which have a synnematous 
morphology, clustered within the Ramularia clade. A Bayesian multilocus analysis based on 
Ramularia s. str. discriminated at least 64 monophyletic clades representing individual 
species, 12 new species and six species names that were applied to more than one lineage and 
require further revision. The genera Ramularia, Cercosporella, Ramulariopsis and 
Pseudocercosporella are circumscribed, and several new species are described. 
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ISHAM-ITS reference database for human and animal pathogenic fungi 
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Mycoses have significantly increased worldwide prompting a need for a rapid and accurate 
identification of the causative agents. Conventional identification methods are time-
consuming requiring expert personnel in mycology. Sequencing based, DNA barcoding is a 
cost-efficient method to simplify and speed up the identification of organisms from all 
kingdoms to the species level. However, DNA barcoding is challenged by the lack of quality 
controlled reference databases and low numbers of reliable ITS sequences (official barcode 
for fungi) of pathogenic fungi in public databases. As a result of an international consortium 
of medical mycology reference laboratories, a quality controlled ITS database as part of the 
ISHAM working group “Barcoding of medical fungi” was established. This new online 
database currently contains 2800 ITS sequences representing 421 species freely accessible at 
www.mycologylab.org. Overall intraspecies variation was less then 1.5%, with most of the 
phylogenetic taxa presenting a barcoding gap. However, for a number of species/species 
complexes intra- and interspecies genetic distances are overlapping, revealing major 
limitations of the ITS region as universal fungal barcode. To overcome these limitations new 
genetic loci identified from whole genome data are currently under investigation to either be 
used as secondary or alternative fungal barcode.  
  
Keywords: Quality controlled ITS database, medical fungi, barcode 


 
*Presenter : Laszlo Irinyi 
Email : irinyil@yahoo.fr 
  
 







 320 


O 5.2.3 
 


Scientific Theme : 5 Phylogenetics, Evolution and Systematics 
Session : 5.2 DNA barcoding of fungi 
 
Account ID IMC1384  
Abstract ID ABS1046 
 


Response of soil fungal communities to extended drought 
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Soil fungal communities affect nutrient availability, plant growth, and the carbon budget of 
terrestrial ecosystems. However, how such communities react to changing environments is 
not well understood. In this project we examined the impacts of drought on fungal 
communities in European temperate grassland soils. Our experimental systems were 
Terrestrial Model Ecosystems (30cm x 40cm soil cores), which were kept under controlled 
conditions, and exposed to different watering treatments over the course of four months. 
Changes in fungal diversity and community composition were analyzed and correlated 
among treatments (30%, 50% and 70% of the maximum water holding capacity of the soil). 
Illumina high throughput amplicon sequencing of the ITS rDNA fungal barcode marker 
yielded >3000 fungal operational taxonomic units in a total of 96 soil samples. The Shannon 
diversity of soil fungi was not significantly influenced by different watering treatments, 
although we could see an effect of watering in interaction with above ground plant mass on 
the soil cores. In dry conditions fungal diversity was higher in soil cores with more above 
ground plant mass. We also report changes in taxonomic composition of the fungal 
communities under different water regimes, and identify operational taxonomic units that are 
most influenced by drought conditions. 
 
Keywords: Soil fungal communities,illumina metabarcoding, ITS rDNA, watering 
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Illumina sequencing of arbuscular mycorrhizal fungi: quantity and quality  
Maarja Opik1*, Martti Vasar1 
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Application of 454 sequencing to descriptions of fungal community diversity has 
dramatically increased captured estimates of species richness per sample and site due to the 
sequencing depth it provides and its concomitant ability to detect infrequent members of 
communities. Illumina sequencing offers the next increase in sequencing depth. However, it 
is fair to ask: in the case of comparatively species-poor groups and communities, such as 
those of arbuscular mycorrhizal fungi (AMF), is this necessary? We subjected AMF 
amplicons from the same samples to 454 and Illumina MiSeq sequencing. In addition, 
metagenomic DNA was directly Illumina-sequenced without prior PCR amplification. 
Amplicon-based Illumina sequencing yielded one to two orders of magnitude higher 
sequencing depth per sample than 454 sequencing, but produced similar richness and 
community composition patterns. However, without careful quality control steps, sample-
based richness estimates generated by Illumina were inflated by c. five times. Sample-based 
richness estimates were not related to sequencing depth between 500 and 50,000 reads, 
suggesting that the lower end of this range already provides adequate sequencing depth per-
sample for the characterisation of AMF communities. By contrast, PCR-free Illumina-
sequencing captured very few AMF taxa. This suggests that AMF DNA is present at 
relatively low abundance in environmental samples, and that these fungi may therefore have 
low detectability with general fungal primers. 
  
Keywords: Arbuscular mycorrhiza, diversity, community, next generation sequencing, 
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Using ion semiconductor sequencing to determine diversity and distribution of marine 


and estuarine fungi 
Kathryn Picard1*, Kathleen Pryer1 
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Recent culture-independent molecular cloning studies of extreme marine habitats such as 
deep-sea hydrothermal vents and methane seeps have revealed novel fungal phylotypes from 
across the fungal kingdom. Yet, because environmental cloning studies frequently fail to 
capture all of the diversity within a given sample, our understanding of both the breadth of 
marine fungal diversity and their phylogenetic placement remain poor. Although next-
generation sequencing of environmental samples is indeed a promising technique for 
characterizing microbial diversity both quantitatively and qualitatively, such surveys of 
marine fungi remain limited. For this study, total genomic DNA was extracted from 16 
samples (four habitats at four seasonal timepoints) collected from coastal North Carolina. The 
four habitats sampled were: intertidal persistent wetland sediment, intertidal sand, plankton 
tows, and shallow marine sediment, with sampling designed to recover both putatively 
saprobic and parasitic fungal phylotypes. Using fungal-affinity fusion primers, 330bp nrLSU 
libraries were generated for each sample. Barcoded libraries were multiplexed on the Ion 
Torrent sequencing platform and processed bioinformatically. Putative fungal OTUs 
comprise at least 26% of the sampled diversity in our samples, and these are broadly 
distributed across the fungal tree. Further, fungal communities clearly experience seasonal 
shifts and vary across transitional (i.e., estuarine sediment and intertidal sand) and obligately 
aquatic (i.e., plankton tows and marine sediment) habitats. 
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Importance of location, soil abiotic factors and vegetation on fungal community 
composition in a mixed temperate forest 


Barbara Bahnmann1*, Michal Tomšovský2, Petr Baldrian1 
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The spatial distribution of microbial taxa in the environment is a result of two main 
processes: dispersal and the availability of suitable microhabitat for establishment. Microbial 
taxa differ widely with respect to both of these factors. Studies have shown the importance of 
microhabitat properties such as nitrogen content, pH and dominant vegetation on fungal 
communities, however few studies have systematically addressed spatial dependency within 
these relationships or the extent to which current theoretical principles of community ecology 
explain these distributions. To address these knowledge gaps, fungal communities in litter 
and soil were analyzed under three dominant tree species across six areas (blocks) of a mixed 
temperate forest region (~100 km2) in the Czech Republic. In each area, one stand of spruce, 
beech and oak was sampled at four seasons. Soil analysis (pH, C, N, organic matter), fungal 
biomass and enzyme activities were measured. Results indicate the importance of dominant 
tree in shaping fungi communities in litter. Soil communities, however, were weakly 
separated by dominant vegetation suggesting other important drivers in soil. Sample location 
was less influential than dominant vegetation on overall community structure. Further 
analysis on individual fungal species across the study site and trait-based analysis will build 
important connections between species biology and distribution. 
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A monograph of Otidea (Pyronemataceae, Pezizomycetes) 
Karen Hansen1*, Ibai Olariaga1 
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Species of Otidea are ectomycorrhizal, with conspicuous ear-shaped apothecia and a high 
diversity in hemiboreal and boreal forests. The genus is monophyletic, but species 
delimitation is highly controversial. To obtain an initial estimate of Otidea genetic diversity 
we assembled ITS-LSU sequences for 174 specimens. The ITS region is too variable to align 
across Otidea, but was found to be a suitable barcode. To resolve species boundaries and 
relationships within Otidea we provide a multi-gene (LSU, RPB1, RPB2 and EF-1a; 4879 bp; 
89 specimens) robust phylogeny and comparative morphological data (from 430 collections), 
including sequences of 17 types. Otidea comprises 2 major clades, including ten lineages 
each constituting one to several species. Phenotypic synapomorphies are clear for only the O. 
unicisa (syn. Otideopsis) and O. concinna (syn. Flavoscypha) lineages. Features in Otidea 
appear to be fast evolving and prone to shifts, and are poor indicators of higher-level 
relationships. Using species recognition by genealogical concordance, or genetic divergence 
for 8 singletons, model based analyses of the individual datasets support 33 species, including 
5 new. Five Otidea names in current use are synonyms. Several European names have been 
applied erroneously to North American and Asian species. We estimate that Otidea consists 
of 48 species worldwide. Most species show continental endemism, but 6 species may have 
disjunct European- or Eurasian-North American distributions.  
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Redefining Ceratocystis and allied genera in the Ceratocystidaceae (Microascales) 
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The Ceratocystidaceae accommodates two genera: Ceratocystis sensu lato, including more 
than 80 species, many of which are important tree and crop pathogens, and Cornuvesica, a 
little known genus with only 4 known species. Since its description in 1890, Ceratocystis has 
been redefined several times. The most recent re-assessment based on LSU and ITS 
sequences showed that Ceratocystis s. l. includes several monophyletic lineages, possibly 
representing distinct genera. In this study, we interrogated these lineages using sequences of 
multiple gene regions. The availability of full genome sequences for 21 species of 
Ceratocystis made it possible to explore 13 gene regions and select the three regions (LSU, 
MCM7 and 60S) most appropriate for genus-level questions. Based on the genomes, new 
primers were developed, and the 3 genes amplified and sequenced for an additional 59 
Ceratocystis, 3 Cornuvesica, 9 Graphium and 6 Knoxdaviesia species. Analyses of the data 
for the 98 species, provided congruent trees with several well-supported lineages, 
representing distinct generic boundaries that included the three outgroup genera. The results, 
supported by ecological data and strong morphological characters, suggest that Ceratocystis 
sensu stricto should include only species in C. fimbriata complex, that Ambrosiella, 
Thielaviopsis, Chalaropsis, and Endoconidiophora be re-instated as valid genera, and that 
species in the C. moniliformis complex be described as a new genus. 
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Current status of Pleosporales 
Hiran Ariyawansa1*, Erio Camporesi2, Kasun Thambugala3, Ji-Chuan Kang4, Ekachai Chukeatirote3,  
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Pleosporales is considered to be the largest order in the Dothideomycetes, consisting a quarter 
of all dothideomycetous species. Species in this order occur in various habitats, and can be 
epiphytes, endophytes or parasites of living leaves or stems, hyperparasites on fungi or 
insects, lichenized, or are saprobes of dead plant stems, leaves or bark. Currently order 
consists of 41 families including two suborders Pleosporineae and Massarineae. 
Bambusicolaceae, Biatriosporaceae, Halojulellaceae and Shiraiaceae have recently 
introduced to the order. Several recent studies have provided the groundwork for 
classification in the Pleosporales. Some studies have been based solely on morphological 
characterization and some have included molecular analysis. Even though there is a large 
body of work comprising taxonomic and phylogenetic studies, the majority of genera 
hypothesized to be members of Pleosporales remain under-studied and poorly understood 
within a systematic framework. The aim of the present study is to investigate taxonomically 
confused families in Pleosporales based on the generic types and provides a detailed 
description and illustration for the type species of each genera, discuss the study history of 
those genera, and explore their ordinal, familial, and generic relationships. The taxonomic 
confusion among the genera of those families of Pleosporales is summarized and appropriate 
solutions pointed out. Phylogenetic analyses of partial 18S nrDNA and 28S nrDNA 
nucleotide sequence data help provide a natural classification and will be reported. 
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The ADiv Project: Uncovering the driving forces of taxonomic diversification in  
the Agaricales 
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The Agaricales is the most species rich order of higher fungi numbering ca. 480 genera and 
14,000 described species. However, the forces driving speciation and evolutionary 
diversification in these mushrooms are poorly known. Understanding why and how certain 
lineages became extremely species-rich, while others are only represented by a few species 
and determining the timing of major lineage expansions are questions of utmost importance 
in basic research with important implications in biodiversity conservation and classification. 
During the ADiv project, we generate multi-gene phylogenetic trees for the Agaricales with a 
representative sampling of ca. 3000 taxa. Using this phylogenetic dataset, we examine 
patterns of speciation and extinction across the whole order to uncover the evolutionary 
dynamics and the driving forces of the evolutionary diversification of the order. Special 
attention is paid to explosive diversification events (adaptive radiations) and slowdowns in 
the evolutionary diversification of species, their causatives and potential implications for 
taxonomy and conservation. 
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Biogeographic analysis of Southern Hemisphere Laccaria based on phylogenetic species 


concepts and extensive geographic sampling 
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Two factors are critically important for investigations of biogeography: rigorous species 
delimitation and accurate knowledge of species range. The widespread ectomycorrhizal 
genus Laccaria is readily identified but species identification is problematic. Molecular data 
were assembled for more than 400 Southern Hemisphere collections of Laccaria, initially 
identified on morphology. Phylogenetic species delimitation was carried out using 
genealogical concordance across three regions: ITS, RPB2 and TEF1alpha. The ITS region 
was subsequently calibrated as a barcode for identification of collections as well as sequences 
from root or soil samples. More than 50 phylogenetic species were recognised, some known 
only from single collections. Distributions of phylogenetic species were mapped. Bioclimatic 
niche modeling was used to improve range estimation. There is a high incidence of 
morphologically cryptic species, with as many as six phylogenetic species within 
morphologically defined species. Some species have associations with particular hosts (such 
as Nothofagus cunninghamii) but others do not. Phylogenetic species rarely span significant 
land masses such as Australia plus New Zealand. Within land masses, many species occupy 
extensive areas, but there is some evidence for speciation by vicariance (such as across the 
Nullarbor Plain in Australia). Use of phylogenetic species and mapped distributions 
significantly extends understanding of evolution and biogeography of the genus. 
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Preliminary studies on carbon assimilation patterns among Mucorales 
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The order Mucorales is an evolutionary ancient group of fungi. It comprises mainly 
saprotrophic organisms. The representatives of this group are commonly called ‘sugar fungi’, 
because they are growing easily on simply sugar media. Although some differences in carbon 
assimilation patterns and its usefulness in species identification has been studied by Schwarz 
et al. (2007), the comprehensive study of evolution of this abilities within Mucorales is still 
lacking. The aim of the present study is to test carbon source assimilation pattern within 
Mucorales and to evaluate it from evolutionary perspective. The preliminary studies on 
carbon assimilation patterns were evaluated on ca. 30 representatives of former family 
Thamnidiaceae and others phylogenetically connected fungi using BioLogTM PM1 plates, 
allowing to test 96 different carbon sources at the same time. The significant differences 
between different species has been observed. So far, growth of all examined fungi was 
observed on media with α-D-Glucose and D-Mannose as a carbon source. Some amino acids 
were commonly utilized (e.g. L-proline, L-glutamic acid). Most of them were able to use also 
D-Cellobiose as a sole carbon source, what can indicate that these species take part in wood 
and litter decomposition. 
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Does mitosis in the zygomycetous fungus Coemansia reversa provide evidence for fungal 


spindle pole body evolution? 
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A hypothesis tested in the Assembling the Fungal Tree of Life project (AFTOL2) is that 
multiple losses of the flagellum led to the transition tospindle pole bodies lacking centrioles 
in derived fungi. Zygomycetous fungi are critical in testing this hypothesis, but nuclear 
division andspindle pole body (SPB) cycles have been studied in only a few taxa. Mitosis and 
the SPB cycle were studied in Coemansia reversa (Kickxellomycotina) using 2- to 3-day-old 
germinated spores prepared for electron microscopy by cryo- or chemical fixation. At 
interphase the SPB consisted of two components: a cytoplasmic, electron-dense sphere 
containing a cylindrical structure with microtubules oriented nearly perpendicular to the 
nucleus and an intranuclear component appressed to the nuclear envelope. Markham’s 
rotation was used to reinforce the image of the cylindrical structure and determine the 
probable number of microtubules. The SPB duplicated early in mitosis and separated on the 
intact nuclear envelope. Nuclear division appears to be intranuclear with spindle and 
kinetochore microtubules interspersed with the condensed chromatin. The nucleolus retained 
a peripheral position within the nucleus or a pocket on the nucleus in the stages observed. 
The results suggest that this is a fourth type of zygomycetous SPB and the third type that 
suggests a modified centriolar component.  
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A preliminary study of Mortierella in Taiwan 
Syuan-Fong   Wei1*, Hsiao-Man   Ho1 
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The main object of this study is the genus Mortierella (Mortierellaceae, Mortierelales, 
Mortierellomycotina, Fungi). They are ubiquitously saprotrophic fungi and can be isolated 
from soil. The distinctive morphological characters of Mortierella are the irregular septa in 
hypha, sporangiophore producing only a rudimentary columella or lack it altogether, and 
swelling in the base of sporangiophore. This study has collected 704 soil samples from 
Taiwan. Based on morphological character, we found eight species of Mortierella, including 
seven new records which are Mortierella basiparvispora, M. beljakovae, M. biramosa, M. 
capitata, M. elongata, M. gamsii, M. nantahalensis and a new species M. sp. nov. Molecular 
biotechnology including polymerase chain reaction (PCR), gene cloning and sequencing were 
used to obtain the sequence of LSU-D1/D2 domain and ITS sequence (ITS1, 5.8S, ITS2) 
ribosomal DNA. Taxonomic groups generating from molecular analysis of these gene regions 
of rDNA are consistent with the groups based on morphological characters. Consequently, 
based on combined data obtaining from the phylogenetic analysis and morphological 
characters, a key of the genus Mortierella in Taiwan was constructed.  
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Co-diversification of symbiotic endocellular bacteria and early diverging terrestrial 
fungi 
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Mortierella elongata belongs to a clade of early-diverging terrestrial fungi that are ubiquitous 
in soils. They are key agents in soil carbon and nutrient cycling and are of biological interest 
given their less-appreciated beneficial functions in the rhizosphere of plants. These fungi are 
also oleaginous and are important industrially for their unique lipid metabolism and 
production. Endosymbiotic bacteria belonging to the Burkholderiales were recently 
discovered inside the mycelium of Mortierella elongata and other early-diverging fungi. 
Through combined genomic analyses of the host fungus and bacterial endosymbiont we show 
that the endohyphal bacterial symbiont of Mortierella elongata belongs to the Candidatus 
Glomeribacter lineage that is a sister group to Burkholderia. This bacterium exhibits 
hallmarks of other well-understood obligate Eukaryotic-endosymbiont systems including 
genomic reduction (compared to facultative and free-living relatives), degradation of select 
metabolic pathways and interdependence between bacteria and host. Phylogenetic analyses of 
Mortierella using non-ribosomal nuclear genes also show that several lineages of fungi and 
bacteria presented here exhibit congruent co-phylogenies indicating an ancient origin of this 
symbiosis. While specific roles of Glomeribacter and other fungal endosymbionts remain 
somewhat enigmatic, we are currently testing whether they modulate fungal metabolism and 
function within rhizosphere and soil communities. 
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Morphological characteristics and phylogeny of Japanese Endogone spp. 
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The order Endogonales within Mucoromycotina includes some ectomycorrhizal and 
endophytic species of lower land plants (e.g. basal liverworts). Thus, this order is a key taxon 
to reveal evolution process of plant-fungal symbioses. The type genus Endogone is 
characterized by zygosporocarp formation. Several species are widely distributed in the North 
Temperate Zone. However, taxonomic study on this genus based on morphological and 
phylogenetic data has not been done, and geographic distribution in Asia remains largely 
unknown. Recently collected materials of Endogone spp. in Japan were identified as four 
described species, i.e. E. incrassata, E. pisiformis, E. flammicorona, and E. lactiflua, which 
agreed well with the type descriptions and Yao et al. (1996), and two undescribed species. 
Based on the morphological observations of zygospores, four described species were divided 
into two groups: the former two species which form homogametic zygospores with pale color 
sporangiothecium, and the latter two which form heterogametic zygospores with orange color 
sporangiothecium. These two groups were also supported by phylogenetic analyses on the 
nrSSU, nrLSU and EF-1α genes. In addition, the characteristics of two undescribed species 
were the following: E. sp. 1 which has similar morphology with E. pisiformis except for 
glebal structure, and E. sp. 2 which produces only chlamydospores and is placed at a unique 
position in the Endogonales, in the phylogenetic analysis on nrLSU gene. 
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Survey of marine chytrids using pine pollen baiting method in Japan 
Shigeki Inaba1*, Tomoaki Kamijo1 
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Chytrids are group of zoosporic true fungi diverging earlier in the kingdom Fungi. Although 
many chytrid species are frequently isolated from freshwater and soil environments, only a 
few species have been reported from brackish and marine habitats. Some saprophytic chytrid 
species can be isolated from saline sites, but it is uncertain if they are truly marine species. To 
survey distribution of chytrids in marine habitats, we collected 19 sea sand samples from six 
sandy beaches in Japan, and obtained 30 chytrid strains using pine pollen baiting method. Our 
strains grew well on peptone-yeast extract-glucose (PYG) distilled water agar and PYG 
artificial sea water agar media, and they had simple morphology with eucarpic and 
monocentricthallus. Morphological observation and molecular phylogeny based on nuclear 
LSU and SSU rRNA genes placed our strains into three orders in the class Chytridiomycetes, 
Spizellomycetales (15 strains), Rhizophydiales (11 strains), and Lobulomycetales (4 strains). 
None of the DNA sequences of our strains matched with the chytrid sequences currently 
available in GenBank. In PYG broth, most isolates were able to grow at 0‰ to 35‰ salinity, 
which is average saline concentration of the open ocean. Thus, it is likely that our chytrid 
strains isolated from sea sand are facultative marine species and adapt to marine habitat. 
More marine chytrids should be isolated and investigated to elucidate their ecological role in 
marine ecosystem. 
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Population genomics reveals new domestication patterns in Saccharomyces yeasts 
José Paulo Sampaio1* 
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Saccharomyces yeasts are used since the dawn of civilization to ferment a myriad of foods 
and beverages. Although it is usually postulated that such microbes have underwent a 
domestication process equivalent to those already known for plant crops and livestock, the 
genomic underpinnings of Saccharomyces domestication remain mostly obscure. NGS-based 
comparative and population genomics allow an unprecedented fine scale resolution of 
population dynamics and organismic evolution thus providing a powerful tool to study the 
evolutionary ecology, natural phylogeography and domestication history of Saccharomyces. 
Updates of a large scale survey of whole-genome sequence variation using an improved 
dataset of Saccharomyces representatives that includes a less human-biased strain pool will 
be presented. The relationship between putatively domesticated and wild lineages will be 
analyzed and recently revealed new patterns of domestication will be highlighted. 
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Yeast diversity influences biomass in wine fermentations 
Primrose Boynton1*, Duncan Greig1 
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Yeast species richness changes over the course of wine fermentation. Naturally fermenting 
(uninoculated) wine has high yeast species richness early in fermentation, and richness 
decreases over time. Saccharomyces species, especially S. cerevisiae, dominate late 
fermentations. Starting diversity influences ecological function and successional changes in 
many microbial communities. We investigated the influence of species richness on biomass 
and succession in wine microcosms. Young fermenting grape juice was collected from a 
winery and diluted to inoculate sterile grape juice microcosms: diverse microcosms included 
both common and rare wine yeasts, while sparse microcosms included only common yeasts. 
After two weeks of fermentation, diverse and intermediate microcosms had higher biomass 
than sparse microcosms. The relationship between species richness and biomass may be due 
to chance sampling of rare keystone species, or to the collective influence of many species 
with different niche requirements. To further investigate the role of common and rare species 
on succession, we collected microcosm samples for community enumeration using high-
throughput sequencing. If S. cerevisiae is a keystone species, we expect its presence or 
absence in sparse microcosms to drive the relationship between diversity and biomass. We 
also collected samples from a naturally fermenting winery over two months to compare 
microcosm and winery succession. Sequencing data will complement previous culture-based 
studies of wine yeast diversity by detecting both rare and unculturable yeasts. 
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Partitioning yeast diversity on biome, biotope, plot and species scales 
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Complete species recovery and robust species identification are both crucial for accurate 
biodiversity assessment of yeasts in the environment. We set out to analyse the relationship 
between species richness values in soils and sampling at several hierarchical levels: (i) 
different plots within a forest sampled in the same season, (ii) forests of the same type studied 
in the same season, and (iii) forests of the same type studied in different seasons. By using 
species richness estimations, we determined the adequate sampling effort in a habitat. Our 
results revealed that yeast communities in soils are: (1) generally species-poor in a single 
plot; (2) highly dissimilar between plots or across spatial and environmental transects; (3) 
globally diverse with up to 25% more species discovered with every new forest or season 
sampled; (4) understudied and may contain up to 20% hitherto undescribed species. 
Furthermore, we assessed species boundaries in several clades of Tremellomycetes and tested 
for the presence of cryptic species from the same environments using multi-locus sequence 
analysis (MLSA) approaches. Our results showed that ITS-LSU rRNA sequences are often 
unable to distinguish cryptic species and demonstrated the usefulness of network-based 
methods over traditional phylogenetic trees for adequate species delimitation. 
 
This work was partly supported by Fundaçãopara a Ciência e a Tecnologia (Portugal), 
projects PTDC/BIA-MIC/113051/2009, PTDC/BIA-BIC/4585/2012, PEst-
OE/BIA/UI0457/2011.  
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Patterns and drivers of ectomycorrhizal diversity in North American pinaceous forests 
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Understanding how macroecological processes shape fungal communities is hindered by the 
lack of datasets spanning large spatial-scales and the absence of distributional data for most 
fungi. To rectify this we use next generation sequencing of the ITS region to survey soil fungi 
in 66 pine forests across North American.  At each site we took 13 soil samples arranged in a 
nested grid and stratified them into organic and mineral soil horizons.  This allowed us to 
investigate the spatial structure of fungal communities across four orders of magnitude. We 
also conducted extracellular enzyme assays to test for functional relationships. Results from 
the first 25 plots yielded over a million DNA sequences derived from 609 soil samples, and 
retrieved a total of 10,576 OTUs at a 97% sequence similarity cutoff.  Fungal communities 
were highly variable, but showed strong evidence of regional geographic structure and 
displayed a significant distance-decay relationship that explained 30% of total variation in 
species composition. By contrast, core level soil environmental variables, such as soil 
horizon, explained only 3% of variation in the whole fungal community. In contrast measures 
of soil enzyme activity were correlated with soil chemistry rather than distance.  These results 
suggest that macroecological processes are a major determinant of fungal community 
structure and that there is high functional redundancy in soil fungal communities across 
North America. 
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Species delimitation on European Cantharellus (Basidiomycota, Cantharellaceae) 
through a multigene phylogeny 


Ibai Olariaga1*, Bart Buyck2, Valérie Hofstetter3, Isabel Salcedo4, José Luis  Manjón1, Gabriel Moreno1 
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Cantharellus species are among the most important edible mushrooms harvested from nature. 
Despite their popularity, insights on species delimitation of European Cantharellus remain 
poor and controversial, but many European Cantharellus names are applied worldwide. To 
resolve species limits among European Cantharellus, a 4-gene phylogeny (ITS2, LSU, tef-1, 
RPB2) was constructed, including sequences of 12 type specimens. We 
show Cantharellus species diversity has been considerably overestimated in Europe. At 
present, we accept merely eight phylogenetic species in Europe belonging to three lineages: 
six species belong to subgen. Cantharellus including the new species C. roseo-fagetorum, 
one species belongs to subgen. Cinnabarinus (C. friesii) and one to 
subgen. Parvocantharellus (C. romagnesianus). European species are recognized through the 
presence of coating on the pileus, context colour change and colour of young parts of the 
hymenophore, ecology, and spore-size. Nevertheless, Cantharellus species show a high 
morphological plasticity. We prove that albino gatherings and specimens lacking yellow-
pigment occur in most species. Cantharellus exhibits lower species diversity in Europe than 
in North America, but all European species are endemic to Europe. Some European species, 
like C. cibarius, C. subpruinosus and C. romagnesianus, have phylogenetically closely 
related vicariant species in North America, such as C. roseocanus, C. tenuithrix and C. minor, 
respectively 
  
Keywords: Species delimitation, biogeography , Cantharellales , protein coding gen, 
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From overarching protection to underpinning science: the back-to-front world of  
fungal conservation? 
A. Martyn   Ainsworth1* 
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A series of significant events in UK fungal conservation is used to show how the approach 
has changed, particularly over the last quarter of a century, and what this might mean for the 
future. The first faltering steps towards inclusion of fungi as a valid reason for site protection 
were taken before the 1990s. The magic formulae used by these pioneers to secure some legal 
protection for wild fungi included such phrases as “outstanding fungal assemblages” and the 
more taxonomically suspect “extremely rich fungal and lichen floras”. There were no 
watertight definitions of “outstanding” or “rich”, nevertheless these were the phrases that 
unlocked the door to fungi becoming part of the mainstream conservation effort. With 
increasing field recording, electronic data storage/analysis and the emergence of DNA 
barcoding and other taxonomic improvements, such pioneering efforts came under increasing 
scrutiny and initiated calls for rigorous justification and evidence-based methods. This 
sequence of events became a recurring motif during the development of site selection 
guidelines, Red Lists and priority species action plans. One could argue that we should be 
putting the horse before the cart and that it would be more logical to carry out the rigorous 
scientific underpinning work before prioritising species, populations, communities, 
assemblages, habitats, sites and landscapes for conservation attention. However, the 
overwhelming numbers of fungi argue for the retention of the historically successful 
pragmatic approach. This means prioritising first, based on the available imperfect data, 
followed by in-depth analysis of the prioritised subset and its subsequent revision and 
amendment. 
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How to predict global species richness in lichenized gungi 
Robert   Lucking1* 


 
1Science & Education, The Field Museum, United States 


  
The number of fungal species is estimated at between 1.5 and 5.1 million. Compared to about 
100,000 currently accepted species, this means that over 90% of fungi are still to be 
discovered. Lichenized fungi are believed to take a minor share of this number, but recent 
estimates suggest that compared to about 18,000 species currently accepted, at least another 
10,000 species await discovery. Several strategies have been implemented to predict 
unknown species richness in different groups of organisms, ranging from publication trends, 
to species area curves, to estimators based on the relative proportion of rare taxa, to methods 
using phenotypic traits of the taxa in question. Here we propose a method based on a grid 
map that uses regression between observed species richness, sampling effort, and a score 
based on predictor variables (such as vegetation diversity) per grid to establish a model of 
individual grid species richness. This model can then be used to predict individual grid 
species richness assuming maximum sampling effort. The method also estimates average grid 
range per species by analysing the distribution of observed grid frequencies and extrapolating 
towards the total grid number. By summarizing predicted grid species richness and dividing 
by estimated average grid range per species, total predicted species richness can be 
calculated. Randomization of a subset of the data by means of jackknifing then gives an 
estimate of uncertainty for the prediction. 
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Lichens of Kangaroo Island- a fascinating flora in a fragile landscape 
Gintaras   Kantvilas1* 
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Kangaroo Island, with an area of 4400 km2 and situated at latitude 36°S off the south-east 
coast of South Australia, is Australia’s third largest island. As a result of its isolation, small 
population (of <5000) and having 25% of its area in nature reserves, it has retained a 
significant element of its natural environment in a relatively unspoiled state. Approximately 
300 species of lichens, most of which are shared with other parts of southern Australia and 
with Tasmania, have been recorded. The distribution and composition of the lichen flora is 
determined chiefly by vegetation type and a complex geology including limestone and 
siliceous rock-types in close juxtaposition. Fire and habitat fragmentation have also had an 
enormous influence on the vegetation and lichen flora. The main vegetation/habitat types for 
lichens are mallee woodland, eucalypt-dominated dry sclerophyll forest, coastal heathland, 
Melaleuca-dominated swampy woodland, Callitris-dominated woodland on sand dunes, and 
agricultural land. Extensive fires, housing developments and windthrow in woodlands have 
reduced the lichen flora drastically so that rocks, isolated trees and small wooded copses 
provide important lichen refugia in otherwise severely modified landscapes. This pioneering 
study investigates the composition of the flora, the taxonomy of several poorly known 
groups, and presents hypotheses regarding the complex interactions of lichens, vegetation and 
other environmental factors. Comparisons are also made with Tasmania. 
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Rewriting the evolutionary history of Hawaiian lichens 
Bibiana   Moncada1*, Robert   Lücking2 
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The concept of evolution of life is tightly linked to Darwin's visit to the Galapagos Islands. 
However, the true laboratory of evolution is found in the Hawaiian archipelago, arguably the 
most remote place on earth, with over 4,000 km to the closest continental land mass. This 
notion was anticipated by Darwin, who wrote in a letter to Joseph Dalton Hooker in 1850: 
"Of all places in the world I would like to see a good flora of the Sandwich Islands. I would 
subscribe 50 pounds to any collector to go there and work at these islands." Hawaii is home 
to some of the most striking evolutionary radiations in vascular plants, the Hawaiian lobeliads 
and the Silversword alliance, and 80% of the plant species are endemic. In contrast, lichens 
are believed to include many widespread species, and the level of endemism is substantially 
lower. Of the 880 lichens currently listed, less than 25% are considered endemic. Therefore, 
the evolution and biogeography of lichens in the archipelago has received little attention. Yet, 
based on new evidence from molecular phylogenetic studies in the families Graphidaceae, 
Lobariaceae, and Physciaceae, that the notion of Hawaiian lichens being widespread is far 
from the truth. In the genera Crocodia, Fissurina, Heterodermia, Lobariella, Podostictina,    
Pseudocyphellaria, and Sticta, we found that instead of 33 reported species, with only two 
endemics (6%), the actual number of species is more than twice as high, with approximately 
75% endemic. Not only does the level of endemism reach the same proportion as in vascular 
plants, but these data also suggest that the number of lichens in the archipelago might be far 
higher than that of native vascular plants. Thus, it appears that the evolutionary history of 
Hawaiian lichens will have to be rewritten. 
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Parmeliaceae (lichenized Ascomycota) lichens in Thailand: The genus Bulbothrix 
Kawinnat   Buaruang1*, Sanya   Meesim1, Phimpha   Nirongbut1, Supattara   Phokaeo1, Kansri   Boonpragob1, 
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The genus Bulbothrix in Thailand has been revised and 14 species are recognized. Bulbothrix 
bulbochaeta, B. hypochrea, B. hypocraea, B. isidiza, B. laevigatula, B. meizospora, B. 
pigmentacea, B. queenslandica, B.  sensibilis, B. setschwanensis, B. subsdissecta, B. 
tabacina and B. ventricosa were the old record. Of these Bulbothrix scortella and B. 
papyrina are the re-establishment of Bulbothrix goebelii. Bulbothrix subdisecta is recorded in 
Thailand for the first time.  
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Fusarium graminearum species complex and F. Venenatum isolated from highland areas 


in Malaysia 
Latiffah   Zakaria1*, Nurhazrati   Mansur1, Baharuddin   Salleh1 
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Several Fusarium species normally found in the temperate and subtropical regions have been 
reported in the highlands of tropical areas, including Malaysia. A survey on biodiversity of 
Fusarium species was conducted in highland areas in Malaysia, comprising Cameron 
Highlands, Fraser’s Hill and Kinabalu Park. Based on the morphological characteristics, 
among the isolates of Fusarium isolated were F. graminearum species complex (77 isolates) 
and F. venenatum (eight isolates) which was mostly isolated from grasses and pine plant 
parts. Species identity was confirmed using translation elongation factor 1α gene sequences. 
Based on BLAST search of Fusarium-ID database, isolates of F. graminearum species 
complex showed sequence similarity with several lineages of the species complex, namely F. 
austroamericanum (lineage 1), F. meridionale (lineage 2), F. boothii (lineage 3), F. 
mesoamericanum (lineage 4), F. acaciae-mearnsii (lineage 5), F. asiaticum (lineage 6) and F. 
cortaderiae (lineage 8). The most common lineage was F. asiaticum. Species identity of F. 
venenatum was the same as morphologically identified species. To our knowledge, the 
present study is the first recorded of Fusarium graminearum species complex with different 
lineages, and F. venenatum in tropical highland areas in Malaysia.  
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An overview of Claviceps research in South Africa 
Elna J.   van der Linde1* 
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After outbreaks of ergotism caused by Claviceps cyperi in the late 1990’s, extensive surveys 
were done to collect as many ergot specimens across the country as possible. Specimens have 
since been collected on more than twenty hosts. Some of these are new to science while 
others have never been analysed molecularly or toxicologically before. Subsequent surveys 
showed that several specimens in the National Collections of Fungi (PREM), as well as in 
overseas herbaria such as the Mycological specimen collection at the Royal Botanic Gardens 
at Kew, the National Botanic Garden of Belgium in Brussels and the U.S. National Fungus 
Collections (BPI) Specimen Database were either wrongly identified or were never identified 
to species level. Currently, as part of a larger study, some species and species relationships 
are being re-investigated after molecular analyses showed intraspecific variability and 
possible sister species in specimens collected recently as well as in the past. This combined 
effort to study all available specimens should result in a better understanding of Claviceps as 
a genus and phylogenetic relationships should become clearer. The alkaloids of all sclerotia-
forming species are being analysed which should soon result in a paper of interest, especially 
to veterinarians in the country. A study of Fusarium associated with Claviceps species is also 
submitted for publication. 
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Who seeks will find - Ravenelia on South African thorn trees 
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With about 200 described species Ravenelia is among the most diverse rust genera in the 
tropics and subtropics. In South Africa the genus is represented with 25 species and seems to 
be the most abundant rust fungus in the South African savanna biome. A wide range of spore 
ornamentations and various kinds of life cycles mirror the species diversity while the 
characteristic multicellular teliosporeheads as the most prominent feature shared by 
all Ravenelia species make this genus well recognised. To get well-founded knowledge about 
host specificity, morphological variability and phylogeny we analysed specimens collected 
during several field trips in South Africa. Morphological investigations and molecular 
phylogenetic analyses based on ITS- and LSU-sequence data have let to the identification of 
six new Ravenelia species. We could furthermore show, that some species have a much wider 
host-range than previously known. In total, our results will lead to ten new fungus-host 
associations, nine new species reports with six species new to science. In summary, this is an 
overall increase of 36% in species richness of Ravenelia in South Africa. In conclusion, this 
study not only revealed a huge gap of knowledge in this genus. It serves in general as an 
example of how less the rust flora in the tropics and subtropics is still explored and 
furthermore implicate considerations for plant pathology and conservation management in 
Africa.  
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Heritability analysis in transplant experiments of Lobaria pulmonaria 
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Heritability is the proportion of genetic variance to total variance. It indicates the fraction of 
phenotypic variance that is the result of genetic factor. Since both genotypes and environment 
influence organism phenotypes and heritability estimates are related to genetic and 
environmental factors in the population, the experiment design at the level of clone is 
required to study the effect of genetics and environment. In this study several thalli of foliose 
lichen Lobaria pulmonaria were collected from different places which locate in different 
climatic areas and each thallus was cut to several small pieces. The specimens were 
transplanted on six trees in two different climatic forests using experiment design which each 
clone exist more than one specimen in each environment thus allow us to test the effect 
of  genetic and environment on growth of specimens. Lichen specimens (transplants) were 
experimented for seven years and brought back to the laboratory. We used specific 
microsatellite markers to identify the clone of transplants and studied the growth of 
transplants by measuring dry weight and area of each thallus. The estimates of heritability in 
this study used analysis of variance by calculating the fraction of variance which explains by 
clones. The result showed that genotype explains 54.35% (H2= 0.5435) and 58.83% (H2 = 
0.5883) of variation in dry weight and area increment of transplants, respectively. This is the 
first study analysing heritability in lichen.  
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Ecological patterns of polypores at three scales in China: Between angiosperm and 
gymnosperm trees, along altitudinal and latitudinal gradients 
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Polypores are macrofungi with the capacity to fully degrade lignocellulose and hence play 
essential roles in forest ecosystems. On the basis that the species diversity of Chinese 
polypores has been extensively explored, we try to recognize the ecological patterns of 
polypores at three scales based on 10 years of field data from China. 1) Between angiosperm 
and gymnosperm trees in two Nature Reserves, Northeast China. Polypore richness was 
similar between the two tree groups. However, compared with angiosperms, gymnosperms 
showed a higher similarity of polypore community, and a lower proportion of white rot but a 
higher proportion of brown rot polypores. 2) Along an altitudinal gradient (800 m, 1000 m, 
1200 m, 1400 m, 1600 m and 1800 m) in Changbaishan Nature Reserve, Northeast China. 
The polypore richness decreased with increasing elevation and was thus subjected to the 
monotonic decrease pattern. Moreover, the richness and proportion of brown rot polypores 
showed a hump-shaped relationship with altitude. 3) Along a latitudinal gradient, tropical and 
subtropical forest (TSF), temperate and warm temperate forest (TWF), and boreal forest (BF) 
zones. The polypore richness increased from BF to TSF. The species number and proportion 
of brown rot polypores decreased from the BF to TSF. The TWF showed a greater similarity 
of polypore community to the BF than to the TSF. In general, these results from China may 
provide valuable reference data for future studies in other regions.  
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Linking fungal communities to wood density loss after 12 years of log decay 
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This study elucidates how fungal communities link to wood decomposition rate based on 
long-term field experiment. Twelve experimental Norway-spruce logs (two initially 
inoculated by brown-rotter Fomitopsis pinicola and two by white-rotter Resinicium bicolor) 
were decayed in a hemi-boreal forest in Sweden for 12 years. Fungal DNA was sequenced 
using 454 technology. The least decayed logs (50% of remaining mass) were relatively dry 
(<50%), still dominated by the primary colonizer and had intermediate richness values. 
Fungal communities were highly diversified within individual logs depending on different 
position of the samples as well as on varying moisture and density levels. During the 
transition phase between the intermediate and later decay stages, OTU richness increased as 
OTUs from both stages were present. Community composition within logs was still related to 
sample position and /or moisture content, but no more to wood density. In the later stage 
(about 30% of remaining mass), the OTU richness decreased, community composition 
changed and moisture continued to increase (>70%). Communities became uniform within 
the whole log independently on all the variables. However, the communities significantly 
differed among logs, as diverse species, able to exploit the highly decomposed wood, all of 
them white-rotters, took over after the decline of the primary decayers. The highly abundant 
OTUs were also the key species in term of the log decay rate.  
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Xylaria diversity in Cuc Phuong National Park, Vietnam 
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Fungal diversity research has called attention of scientists around the world for the last 20 
years  but it is not that long in Vietnam, especially for ascomycetous fungi. In this study, we 
report our research results of the genus Xylaria diversity in Cuc Phuong National Park, 
Vietnam. Sixty one samples of the Xylaria species were collected and identified using both 
morphological characteristics and ITS complete sequence analysis. Nineteen species were 
identified to species and the other 10 taxa were species of the genus Xylaria but they were not 
suited to any present species of this genus. The 10 taxa are possibly new to sciences based on 
both morphological descriptions and ITS complete sequence analysis. Among 19 species 
identified, 10 are new records for fungal flora in Vietnam. This result proved that fungal 
studies in Vietnam have been in poor situation and fungal flora is waiting for being 
discovered. Brief description of one new taxon was introduced here and the actual situation 
of fungal studies, recorded data of fungal flora in Cuc Phuong National Park were also 
discussed in this paper. 
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Conidial fungi in the Brazilian Amazon: Prospects for an underestimated group 
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The conidial fungi represent the asexual fase of numerous ascomycetes and basidiomycetes, 
acting as decomposers of plants accumulated in terrestrial and aquatic environments. In the 
Brazilian Amazon, the decaying plant biomass deposited on the forest floor, and that enters 
into aquatic systems, is partially decomposed by these fungi. The scarcity or lack of data 
regarding the occurrence of this group in the nine states covered by this vegetation formation 
does not allow the realization of diversity estimates yet. During a survey of the recorded 
species in the Brazilian Amazon, 536 species were found, and among these, 431 occurred in 
terrestrial environments while 65 were unique to aquatic environments. Most species was 
recorded in Pará (386), with specific studies in Amapá (131), Amazon (122), Rondônia (44) 
and Roraima (15). Acre has just one record of conidial fungus, while Mato Grosso, part of 
Maranhão and Tocantins remain unexplored. The number of new species described (21) is 
still low compared to other regions of the world, a reflection of the few surveys and few 
experts present in this region. These data are worrying, since several anthropic processes, 
mainly the deforestation in the Brazilian Amazon are advancing and destroying or reducing 
the various habitats available for taxonomic and ecological studies of conidial fungi. 
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Four new morpho-genera of Asterinales from Brazil 
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Asterinales (Dothideomycetes) includes families Asterinaceae, Englerulaceae and 
Parmulariaceae. Around 200 species are present in Brazil. Leaf samples showing bight black 
colonies were collected in Brazil at Estação Ecológica das Águas Emendadas (Brasília, DF), 
Mata do Paraíso (Viçosa, MG), and Reserva Natural da Vale (Espírito Santo). Leaves were 
first examined and photographed using an Olympus SZ40 stereomicroscope. Entire colonies 
were removed from the leaves included in a layer of solidified nail polish and mounted in 
lacto-glycerol. Observations and measurements were made with a Carl Zeiss Standard W 
light microscope (Göttingen, Germany) and photographs were taken on an Olympus BX51 
microscope with a digital camera E-volt330. Biometric data were based on 30 measurements 
of hyphae, apressoria, ascomata, ascus and ascospores. Four new morpho-genera were 
detected: 1. A new genus in Englerulaceae characteristically showing ascospores that separate 
in two cells after liberation, a feature also present in Anariste species in Asterinaceae. 2. 
Three others in Asterinaceae- one similar to Asterina but showing abundant mycelial conidia; 
the second similar toMaheshwaramyces, but showing striking difference in conidial 
morphology; the third, one close to Prillieuxina but forms only small monoascomatal 
colonies, and 2-celled ascospores showing an equatorial verruculose  light band.  
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Dimorphandra wilsonii (Fabaceae), commonly known as “faveiro de Wilson”, is a tree 
species native from the Brazilian Cerrado, included in the official list of endangered plants in 
Brazil as critically endangered. Very few individuals (estimated between 20-50) belonging to 
that species still exist in nature and they occur in highly disturbed areas without care for long 
term protection. Nothing is known about the mycobiota associated with this species. In order 
to investigate the fungi associated to this host and obtain preliminary evidence of the threat of 
co-extinction to such fungal species in case a survey was performed of fungi associated with 
this host. Eight ascomycete asexual morphs were found, described and illustrated. 
Additionally ITS LSU sequences were obtained and analyzed. The species found were: 
Vesiculo-hyphomyces cerradensis, Trichomatomycesbyrsonimae, Piricauda paraguayensis, 
Geastrumia polystigmatis, Janetia sp. nov., Pseudocercospora sp. nov., Pseudo-cercosporella 
sp. nov., cf. Radulidium sp. There is evidence that - Janetia sp. nov. and cf. Radulidium sp., 
deserve recognition   as endangered species. 
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A continental view of ectomycorrhizal fungal spore banks: a quiescent functional guild 
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Ecologists have long acknowledged the importance of seed banks, yet despite the fact that 
many plants rely on mycorrhizal fungi for survival and growth, the structure of 
ectomycorrhizal fungal (EMF ) spore banks is comparatively poorly understood. To 
investigate EMF diversity and to test the importance of biogeography and plant host on 
structuring fungal communities, soils were collected in a replicated nested sampling design in 
pine forests from across North America.  Fresh soils and root tips were sequenced 
immediately using 454 pyrosequencing of ITS amplicons at each of 13 sampling locations 
within a plot. Additional soil cores were sieved and dried, then used in a bioassay with a 
common non-native pine host in addition to native pine hosts to detect EMF species that are 
able to persist in the soil. Results indicate that biogeography has a strong effect on structuring 
the species composition of fungi in ectomycorrhizal spore banks, while identity of species of 
pine host has limited effect. Furthermore, there is little community overlap between EMF 
sequenced from fresh soils versus those in spore banks, indicating that similar to plants, the 
EMF species that are quiescent in the spore bank are different from the current dominants. 
Ongoing research includes bioassays of soils from a wider range of locations in North 
America including multiple provinces in Canada, which will contribute to the largest and 
most comprehensive view of ectomycorrhizal spore banks to date.  
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Ectomycorrhizal (ECM) fungi form mutualistic symbioses with trees in boreal and north 
temperate forests and have key roles in regulating biogeochemical cycles. The extensive 
mycelium produced by many ECM fungi enables resources to be transported over large 
distances. Some ECM fungi are considered to be specialists and have a restricted range of 
host plant species whilst others are considered generalists and can form mycorrhizas with a 
number of species. Little is currently known about the reasons why specialist and generalist 
mutualists have evolved and so this project aims to investigate the basis for these different 
strategies. We predict that resource stoichiometry between plant and fungal partners may be a 
key factor: specialist fungi may be more efficient in obtaining nutrients from litter and 
transporting these rapidly to host plants and in return may receive larger amounts of plant 
photosynthate. Here, we focus on using radioisotopes to trace the transfer of phosphorus and 
fine-scale spatial-temporal analysis of amino acid transportation between host plants and 
fungi. Using Photon Counting Scintillation Imaging (PCSI), we show that amino acids are 
transported long-distances by ECM fungi intact and that the transportation is highly 
directional but the speed of transfer varies between species of ECM. Using digital 
autoradiography technique, we also show that different fungi have a different speed of 
phosphorus transportation to the host plant. We observed that transportation of amino acid 
and phosphorus from generalist fungus to the host plant is rapid compared to the specialist 
fungus. 
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Warming induces changes in functional diversity in arctic ectomycorrhizal fungal 
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Arctic Alaska is among the regions with the greatest temperature increase, and there are 
serious concerns on how warming will affect the biota and the subsequent trace gas feedbacks 
to the local, regional and global climate system. Soil microbial communities are the 
mediators of these feedbacks in terrestrial ecosystems via plant and microbial mineral 
nutrition, and CO2 and CH4 exchanges. We focus on how long-term summer warming (a 
window to the future state of the Arctic) affects ectomycorrhizal fungal (EMF) community 
traits. We used IonTorrent to performe deep-sequencing of the rDNA ITS2 of soil samples 
collected from dry and moist tussock tundra that has been experimentally warmed in summer 
since 1994 at Toolik Lake, Alaska and compared them to adjacent soils where temperatures 
have not been manipulated. The EMF community of the dry tundra was dominated by 
operational taxonomical units (OTUs) with affinity to Tomentella, while the moist tussock 
tundra was more diverse in OTUs belonging to Cortinarius. In the dry tundra, the EMF 
richness does not seem to be affected, and the community composition does not change 
significantly. However, in the moist tussock tundra, the richness of EMF decreases 
significantly with long-term warming, and there are significant changes in the community 
composition. We further integrate our results with the changes reported for the plant 
communities from the exact same sites, and the characteristics of the extramatrical mycelia. 
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Discovery, diversity and utilization of Epichloë species: Endophytes in native and  
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Cool season grasses from the subfamily Pooideae are widely distributed, inhabiting many 
different ecological niches. For some, their success is attributed to a dominant fungal 
symbiotic partner, comprising an Epichloë species (including Neotyphodium). These fungal 
endophytes systemically infect aerial plant components and are vertically and/or horizontally 
transmitted dependent on asexual or sexual lifestyle. Epichloë species can produce a range of 
bioactive alkaloids (ergot alkaloids, indole-diterpenes, lolines and peramine) that provide 
protection to the plant host from herbivory. Vertically transmitted, asexual Epichloë species 
are currently utilized in forage grasses, such as tall fescue, as an added component to help 
overall host persistence. These endophytes have been well characterized with regards to 
alkaloid production but many Epichloë species found in wild or native grasses have not. 
Taking advantage of the current genome sequencing efforts, a high throughput multiplex 
PCR approach has been developed to rapidly screen grass populations to identify endophyte 
species and alkaloid diversity. Epichloë species among and between grass populations have 
been found to exhibit considerable genotypic and chemotypic diversity within the alkaloid 
biosynthetic pathways that likely contribute to fitness benefits to the host. The diverse 
evolutionary histories identified within the collections provide insight into the broader 
ecological implications of endophyte-plant symbioses. 
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Endophytes-diversity and applications in the New Era 
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Endophytes are increasingly popular in the recent years, largely due to their potential use in 
the various aspects of applied mycology. From humble beginnings as plant-growth promoters 
and biological control agents, endophytes have morphed into a versatile group of microbes 
with use in bioremediation and for production of valuable compounds. With the advancement 
in biotechnological tools, better understanding of the diversity of endophytes and their 
potential are made possible, thus expanding its application in various fields. Various groups 
work within this domain, and numerous advances has been made. Our group focused on three 
key areas-biological control, bioremediation and production of valuable compounds. In 
biological control, we pursued investigations on the colonization behaviour of biocontrol 
endophytes in non-native host plants. For bioremediation, we explored metal tolerance and 
biosorption potential of endophytes isolated from Phragmites in a landfill. And, for 
production of valuable compounds by endophytes, we isolated and profiled the beneficial 
properties (enzymatic activities, antimicrobial activities, antioxidant activities) of endophytes 
from medicinal plants. We further sequenced the genome of one of the fungal endophyte, and 
functional annotation of the sequence data with Blast2GO, revealed gene proteins that may 
have roles in biological processes and expression of valuable compounds. Our research is 
ultimately aimed to enhance the understanding of diversity of endophytes in the various host 
plants, and how these endophytes could be tapped and further explored for various 
mycological applications. 
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Epichloë endophytes from cool season grasses — reaping the rewards from a well-tuned 
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Many members of the grass family Poaceae have coevolved with Epichloë; endophytic fungal 
symbionts. The most intensively studied agricultural associations are those between 
mutualistic asexual Epichloë species and the major pasture grass species in the Festuca and 
Lolium genera.In New Zealand the presence of selected Epichloë strains in pasture grasses, 
particularly Lolium perenne is now seen as essential for grass sward persistence due to insect 
pests damaging endophyte free pastures. Marketed endophyte strains contribute tens of 
millions of dollars to the New Zealand economy annually. In terms of marketing a microbial 
seed product, one of the most advantageous traits of asexual Epichloë endophytes is our 
ability to harness their highly effective vertical seed transmitting capacity. As proprietors of 
commercial products we have successfully exploited this naturally occurring phenomenon 
and have no need to develop complicated and expensive seed formulations to capture and 
preserve our beneficial microbial entity within the seed. At AgResearch we have developed a 
discovery pipeline that identifies Epichloë endophyte strains, from collected and imported 
germplasm, that have commercial potential. These are then characterised with respect to their 
molecular diversity, secondary metabolite profiles and bioactivity. Candidate strains for 
inoculation into elite grass cultivars can then be selected and populations from subsequent 
generations are evaluated through specifically designed agronomic and toxicological screens. 
Currently, there are seven commercially available endophyte products developed by 
AgResearch scientists for either grazing livestock or wild life deterrence. 
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Effects of CaM on Manganese Peroxidase Expression in Pleurotus ostreatus 
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Previously, we suppressed the expression of genes encoding isozymes of lignin peroxidase 
(LiP) and manganese peroxidase (MnP) by using a calmodulin (CaM) inhibitor, W-7, in the 
white-rot fungus Phanerouchaete chrysosporium, suggesting that CaM positively regulates 
the expression of those genes. Here, we studied the role of CaM in another white-rot fungus, 
Pleurotus ostreatus, which produces MnP, but not LiP. W-7 upregulated MnP activity, 
suggesting a negative effect of CaM on the production of the enzyme. Suppression of CaM in 
P. ostreatus using RNAi also led to MnPupregulation, but a CaM-overexpressing P. ostreatus 
strain showed MnP downregulation. Following 12 days of culture, real-time RT-PCR showed 
that the transcriptional levels of MnP1, 3, 5, 6, 7, 8, and 9 in the CaM-repressed strain were 
higher than those in the wildtype strain, while MnP2, 4, 6, and 8 levels in the CaM-
overexpressing strain were lower than those in the wildtype strain. Although the digestibility 
of beech wood powder by the CaM-overexpressing strains was not significantly different 
from that of the wildtype, the percentage of lignin content remaining in the digest was higher 
than that in the digest by the wildtype. Moreover, another ligninolytic enzyme, laccase, which 
is not produced by P. chrysosporium, was also found to be negatively regulated by CaM in P. 
ostreatus. 
 
Keywords: lignin, manganese peroxidase, white-rot fungi, calmodulin, W-7 


 
*Presenter : Toshikazu  Irie 
Email : tirie@ses.usp.ac.jp 
  
 
 







 362 


O 7.2.2 
 
Scientific Theme : 7 Biotechnology and Applied Aspects 
Session : 7.2 Biotechnological exploitation of basidiomycetes 
 
Account ID IMC0938  
Abstract ID ABS0585 


 
Improvement in lignocellulosic degradation through the diversity of oxido-reductases 
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Filamentous fungi are an invaluable source of enzymes able to deconstruct the complex 
lignocellulosic substrates embedded within plant cell walls and convert the breakdown 
products to useful platform chemicals. The wealth of genomic data obtained recently from 
filamentous fungi has revealed the diversity of lignocellulolytic enzymes they produce. 
Fungal collections, such as the CIRM-CF hosted in Marseille, are a unique tool to explore 
fungal functional biodiversity in various fields of biotechnology, including improved 
pretreatments and saccharification of biomass in existing processes, such as pulp and paper, 
wood products, lignocellulosicbiorefineries, lignin modification, biotransformation of 
hydrolysate products for food and cosmetics, and in novel enzyme identification. The 
expanding numbers of sequenced fungal genomes provides an unprecedented framework for 
identifying their potential and for developing improved identification tools, such as the 
Auxillary Activity classification within CAZy. The analysis of transcriptome profiles in vivo 
allows identification of the sets of genes encoding the enzyme machineries expressed 
according to the organisms’ strategy for plant cell wall degradation/modification, as well as 
the influence of environmental factors, such as salinity. A number of secretomes of fungal 
isolates improved the saccharification of lignocellulosic biomass compared to commercial 
enzyme cocktail of Trichoderma reesei. Genomic and secretomic analysis of a range of fungi, 
such as Fusarium verticillioides, Trametes gibbosa, Ustilago maydis, Pestalotiopsis sp., from 
temperate and tropical forest environments allowed the identification and characterization of 
a number of novel laccases, sugar dehydrogenases and monooxygenases, as well as glycoside 
hydrolases. 
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The sclerodermatoid fungal group is one of ectomycorrhizal fungi aggregated based on 
phylogenetic analysis. In this study, sclerodermatoid fungi basidiomes were collected from 
northern Thailand and pure cultures were isolated. The morphology and molecular 
characteristics identified them as Astraeus odoratus, Phlebopus portentosus, Pisolithus albus 
and Scleroderma sinnamariense. The in vitro ability of selected fungi to produce indole-3-
acetic acid (IAA) and metal chelating compounds were investigated. The results indicated 
that all fungi are able to produce IAA in liquid medium. The biological activity tests of 
fungal IAA showed that it can simulate coleoptile elongation, and increase seed germination 
and root length of tested plants. Moreover, all tested fungi showed a positive Chrome Azurol 
S reaction for the metal-chelating compound production and produced catecholates and 
hydroxamate type of siderophore as well as citric, malic, oxalic and succinic acid in liquid 
medium. In addition, the solubilization ability of different toxic metal (Co, Cd, Cu, Pb, Zn)-
containing minerals was determined. The results indicated all tested fungi were able to 
solubilize different metal and the solubilizing activities varied for different minerals and 
fungal species. The presence of metal minerals affected fungal growth, and cobalt carbonate 
showed the highest toxicity. 
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Chlorpyrifos is a broad-spectrum organophosphate insecticide which is moderately toxic to 
humans and chronic exposure has been linked to neurological effects, developmental 
disorders, autoimmune disorders and higher risks of lung cancer. Ten white rot fungi, namely 
Ganoderma applanatum, G. lucidum, Irpex lacteus, Phanerochaete chrysosporium, Phellinus 
caryophylli, Pleurotus ostreatus, P. sajor-caju, Schizophyllum commune, Trametes hirsute 
and T. versicolor were screened for their tolerance to various concentrations of chlorpyrifos 
using soil extract agar. Chlorpyrifos degradation was evaluated by assessing the change in 
pH, released chloride, and using gas chromatography analysis. I. lacteus, S. commune, T. 
hirsute and T. versicolor showed good tolerance ability to higher concentration of 
chlorpyrifos and used for further degradation study. P. chrysosporium with very low 
tolerance to chlorpyrifos was used as a positive control. T. versicolor showed highest 
degradation of chlorpyrifos (72.6%), followed by T. hirsute (68.3%), I. lacteus (59.4%) and 
P. chrysosporium (55.4%), respectively, while the minimum degradation was recorded with 
S. commune (2.0%). The pH of the medium was found to drop between 6.1-7.2 from the 
initial value of 7.4 at the end of the experiment. The amount of chloride released during 
chlorpyrifos degradation ranged from 0.34 mg l–1 to 3.12 mg l–1. Change in pH and the 
increase in released chloride correlated with metabolic activities involved in the simultaneous 
degradation of chlorpyrifos. The study suggests that the test white rot fungi being able to 
survive at high concentrations of chlorpyrifos can be utilized for the bioremediation of 
chlorpyrifos contaminated sites. 
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While often considered as harmful for cultural heritage, microorganisms can also be used for 
its safeguarding. Two research projects (BIOPATINAS and MAIA) using the capacities of 
microorganisms for the preservation of metal objects are presented in this study. The 
objective of the BIOPATINAS project is to propose an alternative biological treatment for 
copper alloys. Taking advantage of unique properties of carefully selected fungal strains, the 
project relies on the conversion of existing corrosion patinas into more stable copper oxalates. 
In fact, thanks to their insolubility and stability (even under acidic conditions), copper 
oxalates provide long-term stabilization to the treated objects. The efficacy of the fungal 
treatment was improved on naturally corroded samples and validated on real case studies 
such as outdoor sculptures and archaeological objects. The ageing procedures suggested a 
different behaviour of the biopatina compared to waxes. A specific delivery system is also 
developed and proof-tested for a wider application in art and architecture. A prototype will be 
now proposed as a user-friendly commercial kit. In the MAIA project, the unique capacities 
of some fungi and bacteria are studied for the stabilization of archeological iron. To this 
purpose, three different strategies are adopted either leading to the formation of stable iron 
compounds or to the removal of chloride ions, instigators of post-excavation corrosion. A 
careful assessment of the methodology is currently carried out over iron- and chloride-rich 
phases and preliminary results will be discussed here. 
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Evaluation of mycoremediation with the Microtox method 
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Many fungal species possess a considerable potential for the in vitro degradation of aliphatic 
and aromatic hydrocarbons as well as other industrial toxins. It has been suggested to use 
fungi for the cleanup of contaminated soils or water (mycoremediation). In this study the 
effect of toxin degradation was evaluated with wood based substrates that were inoculated 
with various strains of Ganoderma and other basidiomycetes. The Microtox method was used 
to measure toxicity before and after exposure to the fungal mycelium by adding aliquots of 
bioluminescent bacteria (Vibrio fischeri) to solutions of the toxins. The amount of light 
reduction was measured with a photometer and the resulting IC50 value is an indication of 
the remaining toxicity of the solution. For some of the strains, exposure of the mycelium-
inoculated wood substrate to phenolic toxins and hydrocarbons resulted in a significant 
reduction of toxicity after 14 days, although initially a period of increased toxicity was 
observed. It is hypothesized that fungal peroxidases produced by the mycelia contribute to a 
degradation of the toxins, resulting in higher IC50 values – and therefore lower toxicity – 
over time. While the Microtox method may not indicate the type of contaminants present in 
the environment, it has the advantage of a high sensitivity to various different toxins and may 
be especially useful for the evaluation of bioremediation effects where multiple toxins are 
involved. 
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Aflatoxins are secondary metabolites with great toxicity and carcinogenicity produced mainly 
by Aspergillus flavus and A. parasiticus. A toxigenic A. flavus strains have a greater role in 
controlling aflatoxin producing A. flavus strains in the field conditions. Aspergillus strains 
were isolated from peanut fields of Liaoning, Shandong, Hubei and Guangdong Provinces in 
China, and identified through phenotypic and molecular approaches. 324 A. flavus and 20 A. 
parasiticus strains were collected from the 600 soil samples. Twenty-eight percent of isolated 
strains produced >1000 ng·mL-1 aflatoxin B1. 76 A. flavus strains did not produce aflatoxins 
detectable by UPLC. Incidence of a toxigenic A. flavus strains decreased with increase in 
temperature and increased with increase in latitude in different geographical locations. 
Amplification of all the aflatoxin genes in the aflatoxin gene cluster in the atoxigenic isolates 
showed that there were 24 deletion patterns (B-Y), with 22 deletion patterns identified for the 
first time. Among these deletion patterns, at least one of the four genes (aflT, nor-
1, aflR and hypB) were deleted, indicating that they could be targeted for rapid identification 
of atoxigenic strains. Of which, an atoxigenic A. flavus strain GZ-17 isolated from 
the peanut-cropped field of Guangdong Province in China, showed deletion in twelve 
aflatoxin biosynthesis genes (aflT, pksA, nor-1, fas-2, fas-1, aflR, aflJ, adhA, estA, norA, ver-
1 and verA). The aflatoxin gene cluster of these stains was fully sequenced for in depth 
analysis of the deletion patterns. Co-inoculation of the atoxigenic strainGZ-17 with the 
toxigenic strain GD-1, at the ratio of 1:10, 1:1, or 10:1 (GZ-17: GD-1), significantly reduced 
the aflatoxin production in PDA medium, peanuts, or maize. On peanuts, the strain GZ-17 
prevented nearly 96% of the aflatoxin production by the strain GD-1 at the ratio of 1:1 and on 
maize; the strain GZ-17 prevented 98% of the aflatoxin production by the strain GD-1 at the 
ratio of 1:10. A toxigenic A. flavus strain GZ-17 showed higher competiveness and could 
probably be used as an effective agent for aflatoxin control.  
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Occurrence of heat-resistant mold ascospores in the processing environment: 
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Heat-processed beverages can be spoiled by heat-resistant molds (HRM).  The HRM 
ascospores can not only survive the heat treatment given to these beverages but also be 
activated and grow during storage. It is known that HRM ascospores are found in ingredients 
and in empty PET bottles. There is not much information on the role that the processing 
environment plays on the spoilage of these beverages. This study was undertaken to 
determine the extent of the contamination by HRM ascospores of the beverage processing 
environment.  More than 1,000 environmental samples were tested for HRM ascospores. 
Environmental samples were collected at nine beverage processing plants. Large surface 
areas were taken using sterile sponges containing a neutralizing buffer. A bottle of 0.1% 
peptone buffer was added to the bag and the sponge was stomached for two minutes. Samples 
were filtered. The filter was washed and transferred to a sterile bag. Peptone buffer (0.1%; 10 
ml) were added to the bag and contents were heat shocked at 75ºC for 30 min.  Bags were 
cooled down. Aliquots were plated using malt extract agar (MEA) with antibiotics. Plates 
were incubated at 30ºC for up to 3 weeks. The areas with the highest counts of ascospores 
were the palletizer, the pallet jacks and the stretch wrap around the empty bottle 
pallets. Ascospores were also found at the depalletizers, slip sheets in between layers of 
empty bottles, the airveyors, the fillers, the batching areas, cooling tunnel areas, conveyors, 
rinsers and even at the cap tracks. The most common HRM isolated was B. 
spectabilis followed by Neosartorya fischeri, B. nivea and Eurotium amstelodami. In 
conclusion, the processing environment could contribute to a small rate of spoilage of heat-
processed beverages.  
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New taxonomies of Aspergilli producing aflatoxins and ochratoxins 
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Aflatoxins and ochratoxins are potent mycotoxins and can occur in diverse agricultural 
commodities. These mycotoxins are reported in several (unrelated) species and genera, and 
within the Aspergilli, these mycotoxins are mainly produced by members belonging to 
Aspergillus sections Flavi (aflatoxins), Circumdati and Nigri (ochratoxins). Recent data 
indicate that several species assigned to these sections cannot be distinguished based on 
morphological features alone. Since the introduction of molecular techniques, the taxonomy 
of these sections is studied various times and several new species were described in these 
sections. From 2011 onwards, seven new species were described in section Flavi, six in 
section Nigri and one in section Circumdati. We re-evaluated these sections based on a 
combination of sequence data (BenA, Cmd and/or RPB2), phenotypic characters and extrolite 
patterns. In this study, we give an overview of currently accepted species and show that these 
sections harbour more species than currently described. Data on extrolite profiles including 
mycotoxins (ochratoxins, aflatoxins) produced by those species will be presented. 
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Density-weighted algorithms detected integral alterations of molecular and proteomic 
polymorphisms of Cordyceps sinensis during maturation  
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Objective: To examine the integral maturational alterations of RAPD molecular and 
proteomic polymorphisms of Cordyceps sinensis (Cs) containing multiple fungi, and to 
compare the polymorphisms of Cs and Hirsutella sinensis (Hs). Methods: Used the integral 
RAPD (20 random primers) and SELDI-TOF mass-spectrometry techniques. Analyzed data 
with the density-weighted algorithms. Compared the RAPD molecular and proteomic 
polymorphisms of Cs during maturation and of Cs and Hs. Results: The density-weighted 
algorithms captured all the molecular and proteomic information of fungal genomes and 
proteomes in clustering construction and similarity computations. An overall similarity of 
0.42 for molecular and 0.031 for proteomic polymorphisms were observed for Cs during 
maturation. The similarities of 0.499 for molecular and 0.428 for proteomic polymorphisms 
of the Cs caterpillar bodies were observed at different maturation stages, and 0.570 
for molecular and 0.574 for proteomic polymorphisms of the stromata. The across-
compartment comparisons showed similarities 0.769-0.836 for molecular polymorphisms but 
much lower (0.100-0.184) for proteomic polymorphisms, leading to formations of the across-
compartment RAPD clustering clades and the within-compartment proteomic clades. 
The molecular polymorphism similarities were 0.501-0.678 between Hs and Cs, placing 
the Hs clade isolated from Cs clusters by the out-group control Paecilomyces militaris. 
Proteomic polymorphism similarities were 0.0051-0.0104 between Hs and Cs, but 2.8-4.8-
fold higher (0.0192-0.0434) between Paecilomyces hepiali and Cs. Conclusion: The RAPD 
molecular and proteomic polymorphisms change with maturation in the Cs compartments. 
The polymorphisms for Hs differ from those for Cs, supporting the hypothesis of integrated 
micro-ecosystem for Cs with alterations of the differential fungal/gene/protein expressions of 
multiple intrinsic Cs-associated fungi.  
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Characterisation of Caenorhabditis elegans P-glycoproteins involved in drug resistance 
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The study of eukaryotic membrane proteins has been hampered by a paucity of systems that 
achieve consistent high-level functional protein expression. We report here the use of a 
modified membrane protein hyperexpression system to characterise Caenorhabditis elegans 
P-glycoproteins (ABC transporters) that contribute to anthelmintic drug resistance in 
pathogenic nematodes of humans and animals. Cel-pgp-1 and Cel-pgp-9 were cloned and 
heterologously expressed in the model yeast Saccharomyces cerevisiae at levels that were 
detected in yeast plasma membrane fractions using Coomassie blue staining of SDS-PAGE 
gels. The protein localization in the plasma membranes was confirmed by confocal 
microscopy using yeast expressing GFP-tagged proteins. The expression of P-glycoprotein 
Cel-PGP-9 conferred on yeast greater resistance to a variety of xenobiotics than Cel-PGP-1. 
The yeast strains expressing nematode P-glycoproteins were chemosensitised to known P-
glycoprotein inhibitors indicating that the yeast strains are valuable tools that could be used to 
screen compound libraries for P-glycoprotein inhibitors that, when used as adjuvant, could 
overcome multidrug resistance in parasitic nematodes. The modified hyperexpression system 
has wide application for the study of eukaryotic membrane proteins and could also be used in 
the pharmaceutical industry for drug screening. 
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Identification of the genes that affect productivity of organic acids in Aspergillus 
kawachii 
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Japanese spirit, shochu is made from grains such as rice and barley, or sweet potato. A koji 
mold, Aspergillus kawachii produces large amounts of amylases and also citric acid during 
solid-state cultivation on the grains, termed koji under shochu making process. When 
cultivating this fungus on the barley, the lowering the incubation temperature from 40˚C to 
30 ˚C induces production of citric acid. In the present study, we attempted to find the genes 
in A. kawachii that are associated with hyperproduction of citric acid. Transcriptome analysis 
was done using RNAs from barley koji of A. kawachii under induced (IC) or non-induced 
conditions (NIC) for citric acid production. As for the genes coded for enzymes involved in 
glycolytic pathway, the glycerol-3-phosphate dehydrogenase and one of 
phosphoglyceratemutase were repressed (0.1 fold) and enhanced (2.2 fold), respectively, as 
compared their expression levels under IC with NIC. As for TCA cycle and 4-aminobutanoic 
acids hunt, no gene showed more than twofold change of its expression. A malate 
dehydrogenase in the glyoxalate pathway was upregulated 2.8 fold under IC. As for 
mitochondrial transporters for organic acids, putative dicarboxylate carrier (5.1 fold), putative 
succinate-fumarate carrier (5.1 fold), and 7 putative carriers (1.5-1.8 fold) showed increased 
expression under IC. We constructed 20 disruptant strains of A. kawachii. Some disruptants 
showed alternative productivity of organic acids as compared to wt strain 
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The analysis of the yeast flora and the characters of Saccharomyces cerevisiae 


population associated to msalais, a traditional alcohol beverage in southern Xinjiang, 
China. 
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Msalais, a Uigur traditional wine made with the autochthonous grape around the Taklimakan 
Desert in Southern Xinjiang, is brewed via the special process to spontaneously ferment the 
boiled grape juice. From 49 samples covering 8 different workshops and factories of msalais, 
and different fermentation stages, 699 yeast strains were isolated and classed into 24 and 48 
YPD and WL cultural types respectively. 213 representative isolates were identified to 10 
genera consist of 17 species based on 26S rDNA D1/D2 region sequence analysis. 436 
isolates were S. cerevisiase covering 20 WL culture types. Diverse non-Saccharomyces 
species were present on grape skins and compressed juice; however, S. cerevisiae rapidly 
started and completed fermentation of mslais as the only dominant population. 114 S. 
cerevisiae strains were present rich polygenetic diversity with 38 and 63 genotypes based on 
the analysis of SSR and δsequences respectively, and classed into 5 genetic groups consist of 
92 genotypes by combining the δ and SSR gene together. Within the genetic groups, the S. 
cerevisiae strains were obviously classed together by the different workshops and modern 
factories of msalais. 436 strains of S. cerevisiae were proved to excellent enological 
characters by testing the 27 fermentation characteristics such as fermentation rate, tolerance, 
metabolites, and so on. It is the S. cerevisiae population makes msalais natural fermentation 
smooth and endows msalais a rich variety of flavor.  
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Dominant fungi observed in the solid-state fermentation of Pu-erh tea 
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Pu-erh tea, a unique completely post-fermented tea made from sun-dried leaves of Camellia 
assamica, is a popular beverage in China due to its abundant beneficial effects. As this tea is 
produced by natural fermentation, the ambient microorganisms influence largely on its 
quality and taste. According to available literature, there is rare investigation on Pu-erh tea 
production in Thailand, especially from Thai tea varieties, not to mention about the fungal 
colonization during fermentation. The current study is aimed to isolate and identify the 
involvement of fungus during solid-state fermentation of Pu-erh tea from raw materials 
(Camellia assamica, Chiang Rai) in Thailand. The fermentation was carried out at 45°C and 
70% relative humidity, with initial water content of tea leaves wetted ~35%, and lasted for 14 
days. During fermentation, the average water content of tea leaves was 38.92%, conditions 
that are favorable for propagation of fungi including yeast. The fungi growth depicted the lag 
phase in initial 24 h, and the fungi was later on proliferated abundantly as an exponential 
growth phase during 1-3 days (1.56×102 to 3.10×106 CFU/g dry weight tea leaves). 
Subsequently, the fungal growth was frequently in stationary phase (~107 CFU/g dry weight 
tea leaves) till the end of fermentation process (3-14 days). Culture-dependent dilution 
plating and sequencing were used for isolation and molecular identification of the dominant 
fungi involved during the fermentation, and Aspergillus tubingensis, Aspergillus marvanovae, 
Rhizomucor pusillus, Rhizomucor tauricus, Aspergillus fumigatus, and Candida mogii were 
identified. Among them, Aspergillus marvanovae is a new species 
of Aspergillus section Fumigati, and is novel to be found predominantly involved in the 
solid-state fermentation of Pu-erh tea. Furthermore, this new species was found extremely 
potential in producing theabrownin, the most important bioactive compound of Pu-erh tea, 
via a liquid fermentation system. 
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Increase the frequency of homologous recombination in the oleaginous Aspergillus 
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Non-homologous end joining (NHEJ) is the preferred mechanism for DNA double-strand 
break repair in fungi, which often result in gene malfunction or random integration. An 
important protein playing a role in this repairing system is Ku70. It has been demonstrated 
that the deletion of Ku70 increased the frequency of homologous recombination in 
filamentous fungi. The aim of this study is to improve the chance of homologous 
recombination in the oleaginous Aspergillus oryzae through Ku70 disruption. The disruption 
cassette was constructed by insertion of a selectable marker into the Ku70 gene using DNA 
assembly in yeast. The disruption cassette was then transformed into the oleaginous fungus 
by Agrobacterium tumifaciens-mediated transformation and the Ku70 knock-out 
transformants are being selected. Next, the selected mutant strains will be validated using the 
nutritional gene marker amdS as a target for gene disruption via homologous recombination. 
The strain with increased targeted recombination frequency will be further used for gene 
functional studies or employed as an optimised host strain for the production of bio-products. 
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Antimicrobial properties of extracts from new Agaricus sp. mushroom 
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Mushrooms are basidiomycetous fungi that popular and considered as a valuable food, low in 
calories and high in minerals, essential amino acids, vitamins, and fibers. They also are 
sources of novel and biologically active compounds. In this study, we concerned on the 
mycelial growth and secondary metabolite production from the new Agaricus sp. Results 
showed that at 30°C with pH 5 were suitable condition to promote the mycelial growth for 
this mushroom. Furthermore, the crude extracts isolated from this mushroom showed the best 
activity against Pseudomonas aeruginosa in the antimicrobial quick screen assays. The high 
performance liquid chromatography (HPLC) and the thin layer chromatography (TLC) 
chromatograms showed that there were two major compounds from the crude extracts. From 
this study, pure compounds obtained from the mushroom extracts would be a good source for 
further study on chemical structure analysis. 


  
Keywords: Agaricus sp., antimicrobial properties, bioactive compound, mushroom 


  
*Presenter :Sunita Chamyuang 
Email : sunita@mfu.ac.th 
 







 377 


O 8.1.1 
 


Scientific Theme : 8 Interdisciplinary Symposia 
Session : 8.1 Cryptic species and speciation 
 
Account ID  IMC0589  
Abstract ID ABS0147 
 


Lineages in Hypocreales: Generic concepts in Nectriaceae 
Lorenzo Lombard1*, Nicolaas A. van der Merwe2, Johannes Z. Groenewald3, Pedro W. Crous3 


 
1Evolutionary Phytopathology, CBS KNAW Fungal Biodiversity Centre, Netherlands 
2Department of Genetics, University of Pretoria, South Africa 
3Evolutionary Phytopathology, CBS-KNAW Fungal Biodiversity Centre, Netherlands 


 
  


The ascomycete family Nectriaceae (Hypocreales) includes numerous important plant and 
human pathogens, several of which are used extensively in industrial and commercial 
applications as biodegraders and biocontrol agents. Members of the family are unified by 
phenotypic characters such as uniloculate ascomata that are yellow, orange-red to purple, not 
immersed in a well-developed stroma and with phialidic asexual morphs. Presently, the 
generic concepts in Nectriaceae are still poorly defined, since sequence data are only now 
becoming available for many of these genera. To address this issue we performed a multi-
gene phylogenetic analysis using partial sequences of the acl1, act, cmdA, hisH3, ITS, 
LSU, rpb1, rpb2, tef1 and tub1 gene regions for available type and authentic strains 
representing known genera in Nectriaceae, including several genera for which no sequence 
data were previously available. Supported by morphological observations, the 
data resolved more than 40 genera in the Nectriaceae. We re-evaluated the generic status of 
several genera, which resulted in the introduction of four new genera to accommodate 
species that were initially classified based solely on morphological characters. Several 
generic names are also proposed for synonymy based on the abolishment of dual 
nomenclature. Additionally, three new families are introduced for several genera that 
were previously accommodated in the Nectriaceae.  
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Pseudocercospora 
Johannes Z. Groenewald1*, Chiharu Nakashima2, Hyeon-Dong Shin3, Uwe Braun4, Pedro W. Crous1 


 
1Evolutionary Phytopathology, CBS-KNAW Fungal Biodiversity Centre, Netherlands 
2Graduate School of Bioresources, Mie University, Japan 
3Division of Environmental Science and Ecological Engineering, Korea University, Korea 


4Institut für Biologie, Martin-Luther-Universität, Germany 
  
Cercospora and Pseudocercospora (Mycosphaerellaceae, Capnodiales) contain numerous 
important plant pathogenic fungi from a diverse range of plant hosts; species are often known 
only from their morphological characters in vivo and not in vitro. Although more than 3,500 
and 1,600 names are available in Cercospora and Pseudocercospora, respectively, few are 
known from culture and DNA sequence data. A multi-gene DNA phylogenetic approach was 
applied to 360 Cercospora and 201 Pseudocercospora strains, obtained from more than 115 
host genera and more than 35 countries. Partial sequences were derived from five genomic 
loci (Cercospora), namely the internal transcribed spacer regions and intervening 5.8S 
nrRNA gene (ITS), and partial actin (ACT), calmodulin, histone H3 and translation 
elongation factor 1-alpha (TEF) genes and three genomic loci (Pseudocercospora), namely 
ITS, ACT and TEF, respectively. The resulting clades were evaluated for application of 
existing species names and novel species were introduced where needed. Species were epi-, 
lecto- or neotypified, where possible, to stabilize species circumscriptions. The main 
conclusions are (1) application of North American or European names to African or Asian 
strains and vice versa are not always possible, (2) no single locus was the ideal DNA barcode 
gene for either genus or a combination of DNA and morphological characters are needed for 
identification, and (3) numerous important species still require taxonomic revision. 
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Fungi form extensive interconnected mycelial networks that scavenge efficiently for scarce 
resources in a heterogeneous environment. The architecture of the network continuously 
adapts to local nutritional cues, damage or predation, through growth, branching, fusion or 
regression. These networks also provide an example of an experimental planar network 
system that can be subjected to both theoretical analysis and experimental manipulation in 
multiple replicates. For high-throughput measurements, with thousands of branches on each 
image, manual network delineation is not a viable option, especially if temporal sequences of 
network development are analyzed. Furthermore branches typically show considerable 
variation in contrast, not only because of the difficulty in achieving a homogeneous 
illumination against a varying background, but also because the cords vary in size over two or 
more orders of magnitude. To overcome these limitations, we have developed a set of image 
analysis procedures using intensity-independent contrast enhancement with phase-
congruency tensors, followed by watershed segmentation and cost-based pruning to 
characterize fungal networks at high resolution. We are now able to automatically and rapidly 
extract networks with millions of branches, which permit species comparisons of network 
architecture and development, and allow us to quantify foraging strategies, interspecies 
competition and grazing damage using a wealth of network measures. We can also link 
network architecture to predicted nutrient transport, based on models of fluid flow dynamics, 
and experimentally determined nutrient transport using photon-counting scintillation 
imaging. We are now exploring the application of these interdisciplinary approaches to 
mycorrhizal network formation and function. 
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The bright orange-colored species of the order Teloschistales (Ascomycota) are among the 
most distinctive lichenized fungi worldwide. Comprising three small, mostly tropical families 
and one speciose temperate family (Teloschistaceae), this order encompasses nearly 1,000 
species found in a myriad of habitats. Many representatives show a preference for rock 
substrates in arid, exposed and heavily insolated environments. The characteristic orange 
pigmentation of many Teloschistales is produced by secondary compounds (anthraquinones), 
which are associated with UV light protection. In this study, we inferred the evolution of 
anthraquinones together with the colonization of various substrates throughout the 
evolutionary history of the Teloschistales. We estimated the origin of Teloschistaceae to have 
occurred around 100 mya, which coincided with an increase in diversification rates within 
this family. In addition, ancestral character state reconstruction suggested that the root of the 
Teloschistaceae was also associated with the evolution of anthraquinones, as well as the 
colonization of sun-exposed habitats and rock substrates. We detected significant correlations 
in the evolution of these traits, both with each other, as well as with an increase in 
diversification rate. Our results support a transition from shady forested or shrubby 
environments to exposed rocky habitats. This was enabled by the evolution of these 
protective pigments, suggesting that they may constitute a key innovation in the family. 
  
Keywords: Anthraquinones, diversification rates, divergence-time estimates, key innovation, 
Teloschistales 
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Fungal-algal symbioses of the order Baeomycetales (Ostropomycetidae, Lecanoromycetes) 
live in close physical contact with a variety of organic and non-organic substrates. Although 
lichens have long been recognized to show narrow preferences for certain substrates, those 
are seldom placed in an evolutionary context. To investigate the evolution of substrate 
specificity we 1) obtained eight fungal genes for a matrix of 50+ taxa; 2) coded substrate 
affinity as a character state based on different interaction-specificity scenarios (e.g., organic 
vs. non-organic, or specific to types of organic substrates) to model the evolution of substrate 
preferences; and 3) applied speciation-extinction models as one measure to assess relative 
success of substrate affinities over evolutionary time. Our results reveal high levels of 
substrate-related niche conservatism and show that substrate specialization is a biological 
reality with possible extreme consequences leading to evolutionary dead ends. We conclude 
that Baeomycetalean fungi are an excellent model system to study substrate specificity 
evolution contributing to a better understanding of interactions of lichens with their 
substrates. 
  
Keywords: Lichens, Baeomycetales, stochastic character mapping, niche conservatism, 
organic substrates 
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Barcoding lichen symbiont without time-consuming culturing methods is not an easy task 
because multiple para- and epibionts coexist in lichen individuals. Barcoding mycobionts 
using Sanger sequencing has been used mainly for macrolichens, while this has been more 
problematic for crustose lichens as many saprophytic, endophytic and parasitic fungi live 
intimately admixed with the lichen mycobiont. Likewise, Sanger reads of photobiont 
sequences are often contaminated by free-living epiphytic algae. One hundred epiphytic 
lichen species from the order Lecanorales s. lat. were collected from Switzerland, including 
crustose, foliose and fruticose, as well as asexually and sexually reproducing species. We 
tested a bar-coded amplicon pooling method for 454 pyrosequencing in a GS FLX System to 
genotype the lichen mycobiont and photobiont of the selected species. We amplified the 
whole internal spacer region (ITS1, 5.8S, ITS2) for barcoding the fungal partner, while we 
tested ITS as well as Rubisco large subunit (rbcL) markers for barcoding the algal partner. 
The data show the high potential of the method but also reveals the limitations when 
characterizing closely related taxa. This method is currently be used to investigate mycobiont 
- photobiont interactions of lichen species along environmental gradients. 
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Labyrinthulomycetes are marine stramenopile heterotrophs. Currently, labyrinthulomycetes 
genera are distinguished based on cell morphology, profiles of polyunsaturated fatty acids 
and carotenoids, and 18S rRNA gene phylogeny. However, due to their morphological 
plasticity, it is often difficult distinguishing two genera using their morphological features 
only, and molecular phylogeny can be useful tool to distinguish them. Since 18S rRNA genes 
in some thraustochytrid lineages have polymorphism of that gene in the genomes, we looked 
for alternative genes being applied for their systematics. In this study, based on the gene 
sequences available from GenBank and genomes sequenced recently, we developed primer 
sets for some protein coding genes where we can sequence directly, without PCR cloning. In 
the phylogeny of our NBRC labyrinthulomycetes strains based on EF-1 alpha and actin, each 
genus formed a monophyletic clade, as well as in 18S rRNA gene tree. Matrix-associated 
laser desorption ionization-time of flight mass spectrometry is fast, reliable, and cost effective 
method for microbial species identification, and has been commonly used for clinical yeasts 
and bacteria. In our analyses, two NBRC strains of same thraustochytrid species matched 
with high score value (>2.300), indicating that this method is reliable also in 
labyrinthulomycetes. We will present our recent data applying our new isolates into this new 
identification system of labyrinthulomycetes. 
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Phytophthora ‘Clade 5’ is a very poorly studied group of species, consisting of only two 
known species P. castaneae (formerly P. katsurae) and P. heveae with the majority of the 
isolates from East Asia or the Pacific Islands. However isolates of two important diseases in 
clade 5, one of kauri (Agathis australis) in New Zealand the other of coconut (Cocos 
nucifera) in Hawaii poorly match the current species’ descriptions. To verify whether these 
isolates belong to separate species a detailed morphological study and phylogenetic analysis 
consisting of eight genetic loci was conducted. On the basis of genetic and morphological 
differences and host specificity, we propose two new species in clade 5 associated 
with Agathis and Cocos. In addition, to clarify the typification of the other clade 5 species, an 
authentic ex-holotype culture of Phytophthora castaneae is designated and Phytophthora 
heveae is lectotypified and epitypified.  
  
Keywords: Oomycete, phylogeny, Phytophthora, species description, nomenclature 
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Is the registration of fungal names actually working? 
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Since January 1, 2013, all fungal valid names for new taxa, new combinations, names at new 
ranks, or replacement names of fungi must be registered in an officially recognized 
repository. In 2012 three repositories were recommended by the Nomenclature Committee 
for Fungi (NCF) - Mycobank, Index Fungorum, and Fungal Names. The recommendations 
now must be ratified by the International Mycological Congress in 2014. IMC10 members 
may decide that only one repository be recognized, or that all 3 or only 2 be recognized, or 
that none or even more repositories be recognized. There are three nomenclatural sessions 
during IMC10 and a final vote on the last day. Learn about problems coordinating 
synchronization of data, potential solutions, attempts, failures and successes, along with 
unusual problems with duplicate numbers, homonyms, switching of names, and the different 
strategies adopted by the three repositories as viewed by the Chair and Secretary of the NCF. 
  
Keywords: Mycobank, Index Fungorum, fungal names, nomenclature of nomenclature, 
registration of names 
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A phylogenetic classification system for unvouchered environmental fungal sequences of 


unknown taxonomic affiliation 
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Next-generation sequencing methods generate an enormous amount of new sequence data in 
relatively short time. Within five years, the Sequence Read Archive (SRA) has grown by the 
factor 1,000 to two quadrillion bases or over 10 trillion reads. For comparison, Genbank 
currently holds over 170 million sequences, meaning there are over 50,000 times more SRA 
reads than GB sequences. Almost all of the SRA reads come from individually unvouchered 
organisms, implying that there is no known phenotype attached to individual reads. This 
poses a challenge to their classification, especially if they represent species or higher taxa that 
have not yet been sequenced based on vouchered material. On the other hand, such reads are 
an important instrument to catalog biological diversity, especially in ecologically cryptic 
organisms such as Fungi. Most methods currently applied to classify such reads are based on 
BLAST algorithms and clustering methods, which cannot resolve true phylogenetic 
relationships with accuracy. An alternative strategy is presented focusing on the ITS 
barcoding locus, which predigests large amounts of next-generation sequence data, using a 
set of vouchered reference sequences representing all clades of Fungi, by employing a 
combined alignment-sorting algorithm. Such data can then be partitioned and analysed by 
means of phylogenetic methods such as maximum likelihood to obtain precise phylogenetic 
placements of individual reads. A simple naming convention is proposed for reads that 
represent unknown taxa at any given hierarchical level. 
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Phytase activity in Evernia prunastri 
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Most lichens occupy habitats deficient in N and P and have high uptake capacities for 
inorganic forms of these elements delivered in atmospheric deposits. Lichens also have 
surface-bound phosphatase activities which are thought to promote capture of inorganic P 
from organic compounds by catalysing the hydrolysis of phosphate ester bonds. Inositol 
hexaphosphate (InsP6, = phytic acid) is among the principal forms of organic P synthesized 
by plants and fungi, and is an abundant and recalcitrant form of P in soils.  Phytase, a specific 
phosphatase that hydrolyses phosphate bonds in inositol phosphates, has been demonstrated 
in both saprotrophic and mycorrhizal fungi. Here we make the first report of phytase activity 
in lichens using high performance ion chromatography to measure the rates of consumption 
of InsP6 and the production of lower order inositol phosphates. We develop the method 
using Evernia prunastri and show that phytase activity is widespread in lichens, particularly 
amongst epiphytic species. In E. prunastri, activity was related to N deposition and a 
significant proportion of activity in the thallus could be solubilized with washing. We discuss 
the ecological relevance of these findings. 
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performance of Pleurotus sajor-caju (Fr.) Singer (gray oyster mushroom) 


Lourdes   Alvarez1, Kimberly   Neri2*, Abigail Mae   Jambaro2 
 
1Institute for Science and Technology Research, Polytechnic University of the Philippines, Philippines 
2Department of Biology, Polytechnic University of the Philippines, Philippines 


  
Agricultural wastes rich in lignocellulosic substances are commonly used as substrates for 
mushroom cultivation. Furthermore, selected urban wastes that contain lignocellulosic 
substances are also potential substrates which when utilized can lessen wastes in the 
environment. This study tested the utilization of selected urban wastes as substrates for the 
growth and yield performance of Pleurotus sajor-caju (Fr.) Singer. Four different urban 
waste substrates (banana peels, newspaper, cotton textile scraps and mixture of leaf litters) 
and their combinations were used in the study with sawdust served as the control. Percentage 
of mycelial growth, colonization period, primordial formation, harvesting time, number of 
fruiting bodies, cap diameter, stalk length, total yield and size of the mushroom and 
biological efficiency of the substrates used were assessed to determine the effects on growth 
and yield. This study revealed that the substrate containing 50% newspaper + 50% sawdust 
showed rapid mycelial colonization, fast primordial formation and earliest harvest day and 
obtained the highest yield of mushroom and biological efficiency. Mushrooms did not 
proliferated mostly in the substrates with the combinations of leaf litter, however, 25% leaf 
litter + 75% sawdust produced less yield of mushrooms. The least yield of mushroom was 
from the substrate with 100% cotton textile scraps. Other combinations used in the study are 
effective substrates in cultivating P. sajor-caju, but have different average number and yield 
of mushrooms produced. The study demonstrated that the rapid mycelial growth is associated 
with the increase in mushroom yield and high biological efficiency of the substrate. 
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Synergetic effect of elicitors and environment on the production of the anti-cancer drug 


taxol by endophytic fungi 
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Two endophytic fungi, isolated from twigs of temperate Taxus baccata twigs at Cranfield, 
U.K. were screened for production of taxol, an anti-cancer drug. Elicitors and environmental 
stress are known to influence secondary metabolite production. Few studies have examined 
their interaction effects on growth and taxol production. The combined effects of water 
activity (aw), solute types and temperature on growth was determined using a 5x5x3 factorial 
design. Growth rate was generally higher at 0.99-0.98 aw and 20-25oC. Growth on media 
modified with sorbitol was significantly faster (P<0.05). All three stress factors significantly 
affected radial growth rate of this strain on a conducive agar (P<0.05). The problems of using 
endophytic fungi to produce taxol under optimized fermentation processes are the low and 
unstable productivity, although these strains were previously confirmed to produce taxol. 
Various elicitors were examined in order to stimulate taxol production. When supplementing 
the media with serine, the most pronounced effect on increasing yield was observed. The 
synergetic effect of elicitor, aw and pH on taxol production showed enhanced production of 
taxol. The use of ecophysiological approaches and elicitors to enhance secondary metabolite 
production are discussed. 
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Delineation of cryptic species using molecular identification tools has substantially informed 
our view of fungal species diversity and distribution. For example, the Neofusicoccum 
parvum / N. ribis species complex (Botryosphaeriaceae, Ascomycetes) was thought to 
include two sister species that are pathogens of woody plants. However, genealogical 
concordance phylogenetic species recognition has led to the recent delineation of five cryptic 
sibling species in this complex. Seven microsatellite markers were used to investigate inter- 
and intra- species genetic diversity and structure amongst isolates of cryptic species N. 
parvum, N. cordaticola, N. kwambonambiense and N. umdonicola, that coexist on the 
indigenous forest tree Syzygium cordatum across its distribution in South Africa. The 
distribution of these species in undisturbed stands (e.g. Nature Reserve), human disturbed 
stands of S. cordatum (e.g. naturally regenerated trees within Eucalyptus plantations) and 
planted trees in urban areas showed very clear structure. Thus, the isolates of a generalist 
species such as N. parvumwas dominant and most abundant in areas influenced by humans, 
while the three other species were dominant in undisturbed natural stands of S. 
cordatum. Neofusicoccum parvum populations from S. cordatum trees in urban environments 
were more genetically diverse than population from naturally occurring trees left to grow 
among non-native Eucalyptus in plantations. These results suggest a strong influence of 
human activity on the distribution of Neofusicoccum species on S. cordatum. Furthermore, 
that cross infections between native and non-native plants are important in structuring the 
diversity of these fungi. 
 
Keywords: Biogeography, Botryosphaeriaceae, disturbed habitats, invasion ecology, native 
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A combination of climate change, increased movement of plants and products and an 
alteration of natural habitats are leading to a rapidly increased incidence of plant diseases 
globally. In recent years, Colombia has substantially increased its plantation resources by 
deploying numerous promising Pinus spp. including Pinus tecunumanii. In 
2008, Dothistroma needle blight (DNB), caused by Dothistroma septosporum was detected 
for the first time on P. tecunumanii in the Central zone of Colombia. Within three years, the 
disease epidemic was evident throughout the North, Central and Southern forestry zones. A 
population study, using 12 microsatellite markers, was conducted on 160 isolates from 13 
farms spread across these three zones. The mating type was determined for all the isolates 
and the Beta-tubulin 2 gene region was amplified and sequenced. Microsatellite markers 
revealed two distinct clonal populations of the pathogen. The population in the Southern zone 
was represented by one haplotype, the MAT-1 mating type and they all had the same B-
tubulin 2 sequence. These isolates were almost identical to those found in neighboring 
Ecuador and Chile. Isolates from the Central and Northern zones represented a different 
clonal population, were all MAT-2 and contained a B-tubulin 2 haplotype different to that 
found in the southern zone. More than half of the alleles in this population have not been 
found in isolates from any of 14 countries in the Southern Hemisphere nor in Europe. This is 
also the first record of the MAT-2 mating type in isolates of D. septosporum from South 
America. 
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The number of cases of mucormycosis has increased over the past few 
years. Lichtheimia species are the 2nd and 3rd most causative agents for mucormycosis in 
Europe and USA respectively. The main route of the infection is via the respiratory tract 
where alveolar macrophages (AM) act as the immune system’s first line of defense. In order 
to assess the phagocytic efficiency of murine alveolar macrophages (MH-S), co-incubation of 
MH-S and two strains of L. corymbifera; JMRC:FSU:9682 (fully virulent) and 10164 
(attenuated) was carried out for the determination of the phagocytic index (PI). Various 
conditions such as resting, pre-swollen, and opsonised spores were performed for the 
analysis. In contrast to the other conditions, the PI of JMRC:FSU:9682 was higher than that 
of JMRC:FSU:10164 when spores were opsonised. Quantification of the complement 
activation product was followed on two strains via Fluoresence-Activated Cell Sorting 
(FACS). Interestingly, complement component C3 was more abundant on JMRC:FSU:9682 
spores than that of JMRC:FSU:10164 spores despite of the similarity in spore shape and size. 
Killing assay was carried out after 8 - 24 hours of co-incubation of both strains with MH-S 
cells to find out the survivability of the strains by plating and staining with FUN-1, a two-
colour fluorescent viability dye. Acidification of phagolysosomes was also looked via 
Confocal Laser Scanning Microscopy (CLSM). 
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Penicillium marneffei has emerged as an opportunistic fungal pathogen associated with 
Human Immunodeficiency Virus (HIV), particularly in the geographical area of endemicity 
in Southeast Asia and southern China. Upon host infection, one of the most important aspects 
that contribute to the disease outcome is the initial interaction of the P. marneffei conidia with 
the phagocytic cells and the induction of the inflammatory process. Laccase enzyme has been 
found to associate with virulence in several pathogenic fungi. To obtain a better 
understanding of a role of laccase in P. marneffei, conidia of laccase mutant strains and wild 
type were co-cultured with THP-1, human monocyte leukemia cell line in different 
incubation time. The percentage of phagocytosis and phagocytic index of quadruple lac gene 
deletion strain were significantly higher when compared with wild type at 1 and 2 h of 
incubation. In addition, the significantly higher percentage of intracellular killing of the 
quadruple lac gene deletion strain was observed when compared with wild type at 2 and 4 h 
of incubation. The pro-inflammatory cytokines, TNF-α, IL-1β and IL-6, secreted from THP-1 
infected with the quadruple lac gene deletion strain were significantly increased in comparing 
with the wild type. Altogether, our results define the role of laccase that promotes P. 
marneffeiresistance to innate host defenses. 
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The order Magnaporthales contains devastating cereal and grass pathogens, such as the rice 
blast fungus Magnaporthe (Pyricularia) oryzae, summer patch pathogen Magnaporthiopsis 
poae, and the take-all pathogen Gaeumannomyces graminis.  Our recent phylogenetic and 
phylogenomic analyses that include all major lineages of Magnaporthales suggest that the 
morphological generic concepts of Magnaporthe, Gaeumannomyces, Pyricularia and 
Harpophora are non-monophyletic, while the nutritional modes and infection mechanisms 
are more informative in understanding the evolution of these fungal species.  The type 
species of Magnaporthe is Magnaporthe salvinii (rice stem rot fungus), which is not 
congeneric with Magnaporthe (Pyricularia) oryzae or grisea, based on phylogenetic and 
phylogenomic analyses, morphology, and ecological characters.  Therefore, a change of 
genus name is needed for the rice blast fungus.  According to the new fungal nomenclature 
(Melbourne Code), the name for the rice blast fungus should be Pyricularia oryzae, while the 
name for the stem rot fungus is Nakataea oryzae, because these are the older generic names.  
Another option is to conserve the genus Magnaporthe for the rice blast fungus, which is 
favored by the molecular biologists.  A poll is set at http://magnaporthe.blogspot.com/, which 
also posts discussions since 2012 among and beyond the Pyricularia/Magnaporthe Working 
Group, a subcommission of the International Commission on the Taxonomy of Fungi 
(http://www.fungaltaxonomy.org/).  
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The genus Leptographium sensu lato (Ophiostomatales, Ascomycota) is characterized by 
black ascomata, sheathed ascospores, and dark erect conidiophores giving rise to series of 
branches bearing conidiophores with conidia produced in slimy masses. Most species in this 
genus cause sap stain of conifer timber and are vectored by bark beetles. Phylogenetic studies 
have revealed nine species complexes in Leptographium s. l. One of these, the Grosmannia 
piceiperda complex, currently accommodates four species, but a recent multigene study has 
revealed seven lineages in the complex. The aim of this study was to resolve species 
boundaries in the complex using reference isolates of the known species from the USA and 
Eurasia, and including 52 isolates from Japan. The results of phylogenetic analyses based on 
the ITS-LSU regions, as well as parts of the β-tubulin, EF-1α, and actin genes, showed eleven 
well supported lineages in the G. piceiperda complex. No authentic isolates are available for 
G. piceiperda and G. europhioides, both originally described from Canada. However, one 
lineage including only USA isolates most likely represents one of these two species. The 
second lineage included only European isolates and clearly represents an undescribed species. 
The Japanese isolates separated into eight lineages, including G. aenigmatica, G. laricis, and 
apparently six new lineages, one of which included isolates from Russia. Morphological 
observations confirmed the separation of these eleven lineages and we consider these to 
represent undescribed taxa. 
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Glomerella leaf spot pathogens can infect apple leaves, causing extensive necrosis and 
premature defoliation, as well as necrotic spots on fruit. In recent years, the disease has been 
reported with increasing frequency in China, and appears to be spreading rapidly in some 
apple-producing areas. In this study, fungal isolates from diseased apples leaves collected 
in Henan and Shaanxi provinces were identified based on morphology, cultural characters, 
pathogenicity and molecular phylogenetics. It was found that Glomerella leaf spot of apple 
was caused by two pathogens, Colletotrichum fructicola and C. aenigma. Pathogenicity tests 
showed that C. fructicola and C. aenigma could infect apple leaves of cultivar Golden 
Delicious and its parent varieties, such as Gala, Qinguan, Pink Lady, Pacific Rose, Golden 
Century and Honeycrisp. In wound inoculation experiments, C. fructicola and C. 
aenigma were pathogenic to fruit of Gala, Qinguan, Golden Delicious, Pacific 
Rose, Starkrimson and Fuji. Non-wounded inoculation of fruit indicated that C. 
fructicola was pathogenic to Gala and Golden Delicious, and C. aenigma was pathogenic to 
Gala. It is concluded that the two pathogens could be differentiated according to 
pathogenicity to leaves and fruit of different apple cultivars. 
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Chorology and molecular phylogenetic overview of tropical African lactarioid taxa 
including 10 new species recorded 
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Despites the crucial ecological role of lactarioid taxa (Lactifluus, Multifurca, Lactarius) as 
common ectomycorrhiza formers in tropical African seasonal forests, their effective diversity 
and niche range/differentiation are not yet adequately assessed. We randomly sampled 
numerous lactarioid specimens in various ecosystems (northern Guinean seasonal forests, dry 
dense forests, riparian forests, shrub savannah) following a Megatransect through 5 West 
African countries (Benin, Togo, Burkina Faso, Mali, and Guinea). A total of 62 ITS 
sequences we generated from 344 specimens and aligned against lactarioid taxa from other 
tropical African ecozones (Guineo-Congolean evergreen forests, Zambezian miombo) using 
the programme MAFFT v7. A molecular phylogenetic tree was inferred from a dataset of 81 
sequences using thecomputer program MEGA 5.2 The phylogenetic placement of the species 
combined with our Morpho-anatomical data supported not only the recent description of 
10 new species distributed among the monophyletic genera Lactifluus and Lactarius, but 
could not reveal an occurrence of the genus Multifurca in tropical Africa. Our data robustly 
demonstrate that the effective diversity of the genera Lactifluus and Lactarius (formerly 
grouped into genus Lactarius s. l.) is so far higher than the current estimates of 150 African 
species. Patterns of niche differentiation, vicariance and endemism of lactarioid taxa along 
with their partner tree species will be addressed according to current data available from the 
Soudanian and Zambesian ecozones. 


  
Keywords: Lactarius , Lactifluus , cryptic species , ecology/habitat , phylogeny 


  
*Presenter : Dao Maba 
Email : mlamega@yahoo.com 
 
 
 
 
 
 
 
 







 398 


O SS4.2 
 


Scientific Theme : Special session 
Session : SS4 Systematics of diverse Basidiomycota 
 
Account ID IMC0607  
Abstract ID ABS0064 
 


The taxonomic and phylogenetic studies on Pucciniastrum and related genera 
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The genus Pucciniastrum was established by Otth in 1861 with a type species Pucciniastrum 
epilobii. Thekopsora was separated from Pucciniastrum by Magnus in 1875 based on the 
different position of the telia, namely in Pucciniastrum teliospores develop underneath the 
epidermis of plants, but within the epidermal cells of plants in Thekopsora. But in earlier 
studies, some authors did not consider the position of telia as an important taxonomic 
characteristic and treated Thekopsora as synonyms of Pucciniastrum, thus, Pucciniastrum as 
broad sense. In order to get a clearer understanding of the relationship 
among Pucciniastrum and Thekopsora phylogenetic analyses is applied in this research along 
with the morphological studies. The characteristics of both uredinia and telia were observed 
under the light microscope and scanning electron microscope. Sequences of genera of 
Pucciniastreaece were used in this study. And it is also the first time to use the molecular 
studies on the systematic research of Pucciniastraceae.The phylogenetic results showed that 
species of these three genera did not assemble in separate clades on the basis of genus. It 
implied that the characteristics of the uredinial ostiolar cells had a closer relationship with the 
evolution of these genera rather than the telia. It suggested that it is inappropriate to 
distinguish these three genera according to the position of telia, and we propose a 
combination of these three genera and treat them as broad Pucciniastrum. 
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Gall rust (Uromycladium tepperianum) of Acacia is a species complex 
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Uromycladium tepperianum (Basidiomycota, Uredinales, Pileolariaceae), which causes gall 
rust of Acacia in Australia, is reported on over 100 species of Acacia (Fabaceae, tribe 
Acacieae) and two species of Paraserianthes (Fabaceae, tribe Ingeae). Morphological and 
phylogenetic analyses of four loci from ribosomal (SSU, ITS, SSU) and mitochondrial (CO3) 
DNA were conducted to investigate the intra-specific diversity within U. tepperianum on 48 
gall rust specimens from Acacia in Australia and two from specimens on Paraserianthes in 
south-east Asia. The recovered molecular phylogeny indicated that U. tepperianum was not a 
single species but formed a monophyletic group of more than four distinct taxa, which all 
occur on Acacia. The gall rust on Paraserianthes differed from the rusts on Acacia by having 
fewer striae on teliospore walls. This rust was recovered as a sister group to U. tepperianum 
s. lat. 
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Connecting the codes: matching environmental sequences to vouchered sequestrate 
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Next generation sequencing (NGS) allows analysis of mixed environmental samples (e.g. 
soil) quickly and cheaply so that mycologists can ask exciting ecological questions. However, 
NGS is limited to producing operational taxonomic units (OTUs) disconnected from 
herbarium specimens and named species. Vouchered sequences can validate OTUs and 
increase robustness of NGS approaches. Taxa from all of the major macrofungal lineages 
have evolved under selection for animal dispersal and water conservation to form sequestrate 
sporocarps and they contribute significantly to ecosystem function as ectomycorrhizas 
(ECM). With an estimated 1200-2400 sequestrate species across Australia it is achievable to 
produce a vouchered barcode library for this group. We undertook a case study using 
multiple collections of sequestrate fungi from a long-term monitoring site at Davies Creek in 
Queensland, Australia. We constructed a barcode library of ITS sequences from our 
specimens, herbaria, private collections, GenBank (vouchered), and the literature. Sequences 
represented four phyla (excluding Chytridiomycota), and as expected the Basidiomycetes 
dominated. The ITS2 regions of all fungi were then sequenced from six soil samples at the 
study site, using 454 NGS. From 16,937 environmental sequences, an average of 96 were 
OTUs of ECM (including sequestrate) fungi. This data helped to clarify issues around 
molecular identification of sequestrate species in diverse genera that are mostly non-
sequestrate (e.g. Cortinarius and Laccaria). We will also discuss how well our barcode 
library matched with the OTUs from the environmental samples and our collaborative 
strategy to create a vouchered barcode library for all ECM fungi across Australia. 
  
Keywords: Barcoding, ECM, NGS, OTU, sequestrate 
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Genetic diversity of the ectomycorrhizal basidiomycete Laccaria amethystina complex 
over Eurasia reveals panmixia at 1000-km scale but cryptic species at 10000-km scale 


Marc-André   Selosse1*, Lucie   Vincenot2, Flavius   Popa3, Francisco   Laso4, Le Floch   Jean-Baptiste4, 
Mathieu   Sauve4, Kazuhide   Nara5, Zhu-Liang   Yang6, Gerhard   Kost3 


 
1Institut de Systématique, Evolution, Biodiversité, Museum National d'Histoire Naturelle, France 
2Institut de Systématique, Evolution, Biodiversité, Muséum d’Histoire Naturelle, France 
3Philipps Universität Marburg, FB 17, Philipps Universität Marburg, Germany 
4INES, Centre d’Écologie Fonctionnelle et Évolutive, France 
5Department of Natural Environmental Studies, The University of Tokyo, Japan 
6Kunming Institute of Botany, Chinese Academy of Science, China 


  
Laccaria amethystina is a circumboreal morphospecies associated with a large host tree 
diversity whose fruit bodies facilitate population analyses. We investigated gene flow and 
population divergence in this potentially continental species by using (i) 12 microsatellite loci 
and (ii) phylogenetic markers (ITS, NAR, G6PDH). Populations were sampled in Europe (i.e. 
16 populations over 2900 km), China (4 populations over 370 km) and Japan (2 populations 
over 900 km). Limited differentiation was observed within each region (mean FST: 0.04 in 
Europe, 0.09 in China, and 0.06 in Japan), suggesting very weak isolation by distance (IBD) 
over 1000 to 3000 km. By contrast, metapopulations from the three regions displayed strong 
differentiation (FST > 0.44), even stronger than expected by extrapolating IBD trends 
observed within regions. Together with phylogenetic analyses, this supported that the three 
regions are presently isolated, and diverge in at least 3 sub-species (Popa et al. in prep.). 
Furthermore, the higher diversity (H) and allelic richness (Ar) in China (H: 0.47, Ar: 5.0 
compared to H: 0.35, Ar: 3.0 in Europe and H: 0.36, Ar: 3.5 in Japan) suggest that this species 
complex would originate from China, with a divergence driven by some geographic obstacle 
unrelated to distance. 
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Agaricus subrufescens complex: phylogenetics and species delimitation 
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Agaricus subrufescens is a cultivated edible and medicinal mushroom that exhibits 
phenotypic variation, and hence confusing taxonomic matter exists. There are two points of 
view: sensu lato and sensu stricto. The first one was proposed by Kerrigan as an inclusive 
approach and regards only one species as A. subrufescens Peck below co-specificity with its 
allies; meanwhile, the second one was proposed by Wasser et al., and accepts at least three 
additional species as an exclusive approach (A. brasiliensis Wasser et al., A. fiardii Pegler 
and A. rufotegulis Nauta). Thus, analyzing ITS sequences (ITS1, 5.8S, and ITS2) from 
GenBank and our own collections, our aims were 1) inferring the phylogeny of the A. 
subrufescens complex inside the Arvenses section belonging to Agaricus, 2) testing the 
monophyly of the complex, and 3) probing the co-specifity under several delimitation 
methods. We performed two phylogenetic analysis (MP and BI) in order to restrict the 
complex, and then we applied four methods in order to try delimitating species: genetic 
distance by neighbor-joining, individual grouping by splits-tree, haplotype network, and 
Bayes factors. In both, supported phylogenetic and delimiting species methods, at least two 
divergent groups were recovered. We discuss these results using only ITS, typically used as 
fungal barcode. However, the lack of stability of some sequences in respect to the groups 
recovered, the separation of species cannot be conclusive. Evidence apart ITS is needed. 
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Dual mating in Botrytis cinerea 
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B. cinerea is considered a typical example of a heterothallic fungus which requires two 
compatible mating types to complete the sexual cycle. Mating occurs between a strain 
carrying a MAT1-1 locus and a strain carrying a MAT1-2 locus. Having both loci initiates 
sexual development called apothecia. However, an unusual mating type behaviour was 
reported of certain B. cinerea strains, referred to as ‘dual mater’, in which a strain carrying a 
single MAT allele is able to mate both with a MAT1-1 and a MAT1-2 reference strain. In this 
study, we performed crosses of dual mater strain RS11 (carrying a MAT1-2 allele) with the 
two reference strains and studied the segregation of MAT loci in the progenies by PCR with 
primers specific for the MAT1-1 (α domain) and MAT1-2 (HMG box domain) locus. The 
result showed that dual mater strain RS11 is able to cross with the MAT1-2 reference strain 
(SAS405) and form apothecia. 50 single ascospore progeny were sampled from individual 
apothecia and all of the progeny contained the MAT1-2 allele. If the dual mating behavior is 
a monogenic trait, it would be expected to segregate 1:1, where 50% of the progeny would 
behave as dual mater and the other 50% would act as a standard heterothallic (MAT1-2) 
isolate. We performed a backcross of 30 single ascospore progeny (all carrying the MAT1-2 
allele) to the MAT1-2 reference strain, and 10 out of 30 were able to form apothecia. One of 
the progeny was even homothallic, i.e. able to form apothecia without fertilization. The 
mechanism of this phenomenon remains unknown. We are considering sequencing dual 
mater strains and their progeny (that behave as a dual mater or a homothallic isolate), but we 
also consider the possibility that this trait is under epigenetic control.  
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Dynamically altered fungal expressions of Paecilomyces hepiali and 7 Ophiocordyceps 
sinensis genotypes in natural Cordyceps sinensis 
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Objective: To examine the fungal expressions of Ophiocordyceps sinensis (Os) mutant 
genotypes and Paecilomyces hepiali in Cordyceps sinensis (Cs). Methods: Used PCR with 
fungus specific primers, cloning and SNP mass spectrometry (MS) genotyping to observe 
the maturational changes in expressions of Os genotypes in Cs stroma, ascocarp and 
ascospores. Designed 8 SNP extension primers based on the multiple point mutations of Os 
mutant sequences within their ITS segments. Results: Altered fungal expression of P. 
hepiali was found in the Cs stroma, ascocarp and ascospores during maturation. MS 
chromatograms showed nonparallel alterations of mutant alleles in the Cs stroma during 
maturation. The MS peak heights for the AT-biased alleles were higher at some SNP sites 
than its GC-biased counterparts in premature stroma, but were attenuated with Cs 
maturation. Chromatograms showed both the transition and transversion mutant alleles. Some 
of the transversion mutant alleles displayed higher MS peaks than the transition mutants in 
premature stroma, but were attenuated with Cs maturation. Two AT-biases, AB067744 and 
AB067740 genotypes co-existed in the premature stroma. The allele peak height for 
AB067744 genotype was attenuated with Cs maturation, while that for AB067740 genotype 
elevated. We also identified another AT-bias mutant sequence, homologous to EU555436, in 
the Cs ascospores. Conclusion: P. hepiali and at least 7 mutant Os genotypes exist 
differentially in Cs stroma, ascocarp and ascospores. Their expressions are altered nonparallel 
with Cs maturation, and are of extreme importance in Cs stroma germination, maturation, and 
formation and ejection of Cs ascospores.  
 
Keywords: Natural Cordyceps sinensis, Paecilomyces hepiali, Ophiocordyceps sinensis 
mutants, differential fungal expression, maturation 
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Uptake and translocation of cesium and coexisting elements into mushroom – 
laboratory experiments with two different species, Hebeloma vinosophyllum and 
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In nature, mushrooms tend to accumulate cesium, including radiocesium (Haselwandter 
1978, Yoshida and Muramatsu 1998, Kuwahara et al. 2005). After the accident of Fukushima 
Daiichi Nuclear Power Plant, radiocesium accumulation in mushrooms from contaminated 
forests in Japan has been also reported. The 137Cs accumulation of Hebeloma 
vinosophyllumhyphae was affected by NH4


+ and K+ (Ban-nai et al. 2005). Effects of 
coexisting elements, however, on the uptake of Cs into mushrooms are not well explained 
quantitatively. Considering easily fruiting ability, H. vinosophyllum and Coprinopsis 
phlyctidospora were selected as model organisms for the uptake of Cs in ectomycorrhizal 
fungi and saprobic fungi. Both fungi were cultivated in Ohta’s liquid medium (1990) added 
Cs and different concentrations of NH4


+. Results showed that they highly absorbed Cs and 
coexisting elements (K, Ca, Mg, Zn, Cu, Fe and P) from the medium to mycelium. In H. 
vinosophyllum, the highest translocation from mycelium to fruit body was observed in Cs 
followed by K and P. The high concentration of NH4+ affected as a competitor to the uptake 
of both Cs and K. On the other hand, in C. phlyctidospora, the highest translocation from 
mycelium to fruit body was found in Zn. Cs translocation was not obvious although K and P 
were translocated. The high concentration of NH4


+ affected weakly to the uptake of both Cs 
and K. The further research is required to understand the molecular mechanism of Cs uptake 
in mushroom. 
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Trees are connected in a woodland – they form a close association with symbiotic fungi. 
These interactions include ectomycorrhiza formed by many basidiomycetes with mutualistic 
benefits such as carbohydrate delivery to the fungus, thus profiting from photosynthesis and 
improved nutrient and water supply as well as protection against pathogens for the host tree, 
thus enabling improved plant growth. Together, both organisms perform important functions 
in the ecosystem. Information on the molecular mechanisms of the interaction is provided for 
the basidiomycete Tricholoma vaccinum and its specific host spruce (Picea abies). 
Differential display analysis revealed a fungal aldehyde dehydrogenase gene, ald1, of T. 
vaccinum specifically expressed in ectomycorrhiza. The function of enhanced expression 
within ectomycorrhiza includes the detoxification of alcohols and aldehydes occurring in the 
biotope shown with transformants over-expressing ald1 which displayed increased ethanol 
stress tolerance. In addition, we found involvement of Ald1 in the production of the 
phytohormone indole-3-acetic acid. From a preliminary assembly of the T. vaccinum genome, 
eight aldehyde dehydrogenase genes, including ald1, were analyzed by qPCR for induction 
by chemical triggers like alcohols, aldehydes and biotic signals. Since indole aldehyde 
induced expression, IAA synthesis and transport were investigated. Here, we present studies 
on transcriptional regulation in combination with phenotypic characterizations, enabling us to 
link communication pathways to ecosystem function with a special focus on alcohol 
dehydrogenases involved in plant-fungus signaling. 


  
Keywords: Mycorrhiza, Tricholoma vaccinum, aldehyde dehydrogenase, indole-3-acetic acid, 
ethanol 


  
*Presenter : Catarina Henke 
Email : chenke@ice.mpg.de 
  
 
 
 
 
 







 407 


O SS5.5 
 


Scientific Theme : Special session 
Session : SS5 Fungal interaction (for physiology/genetics/biochemistry session) 
 
Account ID IMC0975  
Abstract ID ABS0376 
 


Tissue-specific interactions between the transcriptomes of the fungal endophyte 
Neotyphodium lolii and its perennial ryegrass host 
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The fungal endophyte Neotyphodium lolii protects perennial ryegrass from biotic and abiotic 
stresses. Only one of these protective features, the synthesis of herbivore deterrents, is fairly 
well understood. Here we describe the distribution of the endophyte’s metabolic activities 
and the transcriptomes of different tissues of the infected grass. The highest concentration of 
endophyte (0.003% of biovolume) was in the leaf sheaths - an order of magnitude higher than 
in emerging leaf and blades. No endophyte was present in roots. In the emerging leaf, the 
metabolic activity of the fungus, as judged by the ratio of transcript to genomic DNA 
encoding elongation factor 2, was 3-5 times higher than in sheaths. Expression patterns of 
fungal genes involved in DNA replication and encoding ribosomal proteins indicate that the 
lower emerging leaf is the main site of fungal growth. The most highly expressed endophyte 
gene in all tissues was NC25, believed to be involved in the synthesis of a fungal 
oligopeptide. Fungal genes involved in synthesizing anti-herbivore secondary metabolites 
were highly expressed in all infected tissues, except the lower emerging leaf. The plant 
transcriptome indicates an endophyte impact on its host’s amino acid and carbohydrate 
metabolism, photosynthesis and temperature response, as well as morphogenesis. Plant 
responses to abiotic and biotic stresses were up-regulated throughout the plant, including the 
root, even though it was not colonized by the fungus. 
  
Keywords: Transcriptomics, ryegrass endophytes, Neotyphodium lolii, metabolic activity, 
effect on plant root 
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Understanding auxin biosynthesis pathway and transport in filamentous fungi through 


structure-function correlation and its evolutionary consequences 
Puspendu   Sardar1*, Frank   Kempken1 


 
1Department of Genetics and Molecular Biology in Botany, Christian-Albrechts-Universität zu Kiel (CAU), 
Germany 


  
The phytohormone auxin (IAA) maybe synthesized from the amino acid tryptophan (Trp) via 
different pathways. The YUCCA, the indole-3-pyruvic acid (IPA), the indole-3-acetamide 
(IAM), and the indole-3-acetaldoxime (IAOx) are four proposed pathways for biosynthesis of 
IAA from Trp in green plants. While auxin production in filamentous fungi has been 
described earlier, the exact pathway for IAA production is poorly understood so far and so is 
auxin transport. Tryptophan aminotransferase (TAM), pyruvate decarboxylase (IPD), indole-
3- acetaldehyde dehydrogenase (IAD) and YUC are three important intermediate proteins 
involved in auxin biosynthesis pathways in green plants. Employing a computational 
approach we examine the involvement and putative role of above mentioned enzymes in 
auxin biosynthesis pathway and transport in filamentous fungi. In addition we analyze 
structure-function conservation throughout the evolution. For this study we have used the 
filamentous fungus Neurospora crassa as the focal species. Primary results suggest 
that tam1, ipd, iad1 and yuc genes are present in a wide range of fungi across the fungal 
kingdom. Moreover gene NCU00589.7 present in N. crassa has a homolog in Arabidopsis 
thaliana with a similar annotation as "auxin efflux carrier family protein". In particular, we 
have studied the structure-function conservation and correlation of the encoded proteins of 
the candidate genes using homology modeling in addition with specificity in ligand binding 
site. 
  
Keywords: Auxin, evolution, fungi, Neurospora crassa 
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Horizontal gene transfer of sugar transporters in the Ascomycota 
Paula Goncalves1* 


 
1Department of Life Sciences, Universidade Nova de Lisboa, Portugal 


  
Lateral or horizontal gene transfer (HGT) is the transmission of genetic material between 
different taxa, particularly frequent in bacteria but sometimes involving organisms from other 
domains of life. While it was previously deemed to be a rare phenomenon in fungi, with very 
little impact on organismal evolution, the finding of an increasing number of genomic 
imprints of HGT in fungi has contributed to change these views. While studying specific 
fructose transport in yeasts, we came recently across striking examples of intra-kingdom 
HGT events involving two completely distinct fungal transporter gene families. Evolution of 
one of these families (Fsy1-like) is punctuated by multiple events of HGT as well as highly 
specific gene loss. The other, unrelated family (Ffz1-like) is intimately connected with 
fructophily in yeasts, a view supported by the analysis of draft genomes of several 
fructophilic yeasts belonging to the Starmerella and Zygosaccharomyces clades. We will 
discuss the view that membrane transporters may be particularly prone to be involved in HGT 
because their acquisition provides an immediate advantage to the host, for example in the 
form of increased nutrient transport capacity. This may be especially important for fungi 
because unlike many other eukaryotic microbes they rely entirely on osmotrophic feeding. 
   
Keywords : Sugar transport, horizontal gene transfer, fructophily, ascomycota, yeast 
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Origin and diversity of the fungus Leptographium procerum associated with the red 
turpentine beetle in China 


Stephen J.   Taerum1*, Tuan A.   Duong1, Z. Wilhelm   de Beer2, Michael J.   Wingfield1 
 
1FABI, Department of Genetics, University of Pretoria, South Africa 
2FABI, Department of Microbiology and Plant Pathology, University of Pretoria, South Africa 


  
Much research in invasion biology is focused on determining the origin and diversity of 
invasive species. It can be equally important to examine the origin and diversity of the 
symbionts of these species, because these associates can impact substantially on the success 
of their vectors. We studied Leptographium procerum, which is a dominant fungal symbiont 
of the red turpentine beetle (Dendroctonus valens) in the invasive range of the beetle as well 
as in part of its native range in eastern North America. In North America and Europe, L. 
procerum is also associated with beetle species other than D. valens. It has been suggested 
that L. procerum contributes to the ability of D. valens to kill mature native pine trees in 
China. Our objective was to determine the origin of L. procerum associated with D. valens in 
China, and to assess the diversity of the fungus worldwide, using mating type markers and 15 
microsatellite loci. The results showed that L. procerum associated with D. valens is highly 
clonal in China, relative to North America and Europe. However, no haplotypes are shared 
between China, Europe, or North America, and three unique alleles were found in L. 
procerum in China. These results suggest a possible alternative origin of L. 
procerum associated with D. valens in China other than North America or Europe. The high 
level of clonality in L. procerum associated with D. valens in China might indicate that D. 
valens there obtained a low initial diversity of L. procerum. 
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Lost in translation: challenges of transferring information from phylogenies into 
taxonomy 
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It is widely accepted that taxonomy should reflect phylogeny; however, in the fungal 
community there seems to be a lapse between the time phylogenetic hypotheses are published 
and the actual update of the taxonomy. More than 100,000 fungal species have been 
described so far; therefore, managing and keeping an updated classification is not a trivial 
task. As a consequence of sequencing become more affordable, the number of phylogenetic 
studies has boomed in the last decade. At the same time the amount of data available to build 
phylogenies have also increased to the point the complete genomes are now being used to 
infer phylogenies. With this increase in taxon sampling and sequence data, many new 
phylogenetic hypotheses have been proposed, which in many cases conflict with previously 
accepted relationships based on smaller datasets or on morphological data. In an effort to 
build a comprehensive synthetic fungal tree of life, the Open Tree of Life project has 
gathered hundreds of fungal phylogenies, at different taxonomic scales. One of the main 
objectives of this project is that the synthetic tree should be comprehensive, meaning that 
species that had not been included in any phylogenetic study, and for which no molecular 
data is available, should also be included in the synthesis. Here we present the challenges the 
Open tree of Life project has faced in synthesizing a comprehensive fungal tree of life that 
includes both, a taxonomic and phylogenetic component. We also present the tools we are 
designing to alleviate this problem and aid in the translation of phylogenies into taxonomy. 
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Spatial heterogeneity of mountainous soil is associated with high fungal beta diversity 
Martina   Stursova1*, Jiri   Barta2, Daniel   Vanek2, Hana   Santruckova2, Petr   Baldrian1 


 
1Laboratory of Environmental Microbiology, Institute of Microbiology, ASCR v.v.i., Czech Republic 
2Department of Ecosystem Biology, Faculty of Science, University of South Bohemia, Czech Republic 
  
Fungi play an irreplaceable role in ecosystem functioning and despite recent progress, the 
understanding of the spatial diversity of their community, its drivers and consequences for 
ecosystem functioning is limited. We carried out a small-scale survey of a 36 m2 site of 
mountainous soil in the Bohemian Forest (Czech Republic, central Europe) covered by 
patchy, spatially variable ground vegetation to determine the factors that drive fungal 
community composition and to quantify the α- and β-diversity of fungal community. In total, 
48 soil cores (4.5 cm) were collected in June 2011. Dominant understorey vegetation near 
cores was recorded and the litter and organic soil horizon chemistry (total and available C, N, 
P, and total phenolics) was characterized. Fungal biomass and community composition were 
estimated by qPCR and Illumina MiSeq sequencing of ITS2, respectively. Activity of several 
extracellular enzymes was also measured. Βeta-diversity was high with aproximately 8000 
OTUs at 1500 sequences per sample, in both litter and soil horizons, and did not approach 
saturation even if 48 cores were sampled. Beta-diversity of abundant taxa (>1% of sequences 
in a sample) was higher in litter then in soil and reached 306 and 268 OTUs, respectively, in 
the whole area compared to <20 OTUs in each single sample. The relationships between 
fungal community composition and measured biotic and abiotic factors were complex, but 
ground vegetation seemed to have stronger influence then soil chemistry, especially in litter. 
Enzyme activity was more related to soil chemistry then to the composition of the fungal 
community. 
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Pyrosequencing analysis of fungal diversity from climate contrasting and 
geographically distant neotropical forest soils of Mexico 
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1Laboratorio de Recursos Genéticos Microbianos y Biotecnología (LARGEMBIO), PREGEP-Genética/LPI 6, 
Colegio de Postgraduados, Campus Montecillo, Mexico 
2Ecology, University of Tartu, Estonia 
3Natural History Museum, University of Tartu, Estonia 
4Ecología, CUCBA, Universidad de Guadalajara, Mexico 


  
The Mexican neotropical forests is a vast repository of unknown fungal biodiversity 
with unique “hotspots” for fungi and plants, and a valuable source of microbial genetics 
resources for a habitable biocomplex changing planet. We collected 40 soil cores samples 
from each plot (2500 m2) of 4 climate contrasting and geographically distant forests sites 
(two tropical coniferous montane forests in Puebla/East-Central and Oaxaca/Southwestern; 
one dry tropical forest in Quintana Roo/Southeastern; one chaparral Quercus-
Arctostaphylos in Aguascalientes/North-Central), following the “Fungal Global Project” 
standardized protocol. We extracted DNA from 2.0 g of pulverized soil and amplified the 
ITS2 subregion of the nuclear ribosomal Internal Transcribed Spacer. Quadriplicate PCR 
products (including controls) were pooled and subject to 454 adapter lignation and 
pyrosequencing analysis by using a GS-FLX+ technology and Titanium chemistry as 
implemented in Beckman Coulter Genomics. Sequences were quality filtered, clustered into 
taxa (90.0%-99.0% similarity), and assigned to phylogenetic and functional groups. We 
determined the basic edaphic and floristic parameters for each site and geographical 
distribution, and conducted diversity and biogeographic analyses based on OTUs at ≥98.0% 
sequence similarity. Pyrosequencing analysis revealed 10,014 species-level OTU´s fungal 
community belonged to: Basidiomycota, 5034 spp.; Ascomycota, 2745 spp.; Mucoromycota, 
1381 spp.; Mortierellomycota, 723 spp. ; Fungal Basal lineages, 53 spp.; Chitridiomycota, 28 
spp.; Kickxellomycota, 18 spp.; Glomeromycota 5 spp., and Fungal Unknown lineages, 27 
spp. The fungal assemblage contrasting changes between sites will be discussed. To our 
knowledge this is the first metagenomic study of eukaryotic microbial diversity from 
Mexican forest soils.  
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Phylogenetic diversification in Sebacinales 
Franz   Oberwinkler1*, Kai   Ries1, Robert   Bauer1, Sigisfredo   Garnica1 


 
1Evolutionary biology, University of Tuebingen, Germany 


  
Morphological and molecular discrepancies in the biodiversity of monophyletic groups are 
challenging. The intention of our study was to find out whether the high molecular diversity 
in Sebacinales can be verified by micromorphological characteristics. Therefore, we carried 
out molecular and morphological studies on all generic type species of Sebacinales and 
additional representative taxa. Our results encouraged us to disentangle some phylogenetic 
and taxonomic discrepancies and to improve sebacinalean classifications. This comprises 
generic circumscriptions and affiliations, as well as higher taxon groupings. At the family 
level, we redefined the Sebacinaceae, formerly the Sebacinales group A, and set it apart from 
the Sebacinales group B. For taxonomical purposes, it seems appropriate to 
refer Craterocolla, Chaetospermum, Tremelloscypha, and Sebacina to the Sebacinaceae and 
to introduce Paulisebacina, Globulisebacina, and Helvellosebacina as new genera. 
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Inventory of macrofungi in the Biosphere Reserve Wienerwald (Austria) and barcoding 


with a focus on non-gilled lignicolous basidiomycetes (aphyllophoroids - corticioid, 
polyporoid, clavarioid and heterobasidiomycete fungi) 


Alexander   Urban1*, Thomas   Bardorf1, Gudrun   Kohl1, Sonia   Méntrida1, Irmgard   Krisai-Greilhuber1 
 
1Botany and Biodiversity Research, University of Vienna, Austria 
 
An inventory of macrofungi in 120 sampling sites (90 in core protected areas, 30 in 
production forest) within the Biosphere Reserve Wienerwald (BPWW, Austria) was 
conducted. Sampling sites were selected by a randomized stratified design, using forest 
vegetation type, quantity of coarse woody debris, timber stock, stand age and tree species 
composition as selection criteria. Within the sampling sites, about 800 fungal species could 
be identified at the species level with a good degree of confidence, using purely 
morphological identification or a combined morphological and DNA-based approach. At 
least 15 species not yet recorded in the Database of Fungi in Austria (which currently keeps 
records of 8144 taxa) were identified, including:  Botryobasidium asperulum, Ceraceomyces 
microsporus, Ceriporia spissa, Ciboria helotioides, Coniophora arachnoidea, Corticium 
endoxylum,Dacryobolus karstenii, Hyphoderma deviatum, Hyphodermella rosae, 
Hypochnicium cremicolor, Hypoxylon crocopeplum, Hypoxylon submonticulosum, Nemania 
chestersii, Peniophorella pallida and Peniophorella pertenuis. Many additional specimens are 
still under revision, including some potentially undescribed species. Three species described 
from the BPWW area about a century ago but missing thereafter were rediscovered: 
Trechispora araneosa, Gloeocystidiellum clavuligerum, Hyphoderma subtestaceum.The 
assemblage of fungal species included a few widespread species, mostly lignicolous fungi 
associated with beech, and many rare species. Highest species numbers (about 80 species per 
site) were found in mesophilic old-growth beech forests. Habitat diversity was found 
important especially for species of low frequency, which were typically present in more 
marginal areas of the ecological parameter space. Environmental niche modeling is currently 
limited by the paucity of records of the rare species. 
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An eight-gene phylogeny: the magic bullet for resolving Cercospora species complexes 
Mounes   Bakhshi1*, Mahdi   Arzanlou1, Asadollah   Babai-ahari1, Johannes Z.   Groenewald2, Pedro 


W.   Crous2 
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Members of the genus Cercospora (Mycosphaerellaceae) are commonly associated with leaf 
spot diseases on a wide range of cultivated and wild plant species, occurring in different 
climates worldwide. Due to the lack of useful morphological characters and high levels of 
variations therein, host plant association has long been a decisive criterion in species 
delimitation in Cercospora. Because several taxa have broader host ranges, reliance on host 
data in Cercospora taxonomy has proven troublesome. Recent studies have revealed multi-
gene DNA sequence data to be useful for species identification in Cercospora. In spite of this 
approach, however, several species complexes remained unresolved. The aim of the present 
study was to improve species delimitation by firstly selecting novel genes and primers, and 
secondly generating an eight-gene DNA dataset. In total 146 Cercospora isolates were 
recovered from fresh field specimens in the northern zone of Iran, and 24 additional reference 
isolates were subjected to multigene analysis. The eight genes screened included ITS, TEF-
1α, actin, calmodulin, histone H3, TUB, RPB2 and GAPDH. Results from this study reveal 
several novel clades within the existing Cercospora species complexes such 
as C. flagellaris, C. apii, C. beticola, and C. armoraciae. According to these results GAPDH 
is a strong candidate for species recognition inCercospora. However, it needs to be 
supplemented with CAL, TEF-1α and TUB to obtain a robust species delimitation in 
Cercospora. 
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A reappraisal of Microthyriaceae and Micropeltidaceae 
Haixia   Wu1*, Kevin   Hyde2 
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The Microthyriaceae and Micropeltidaceae are poorly known but interesting families. 
Microthyriaceae comprises 54 genera and Micropeltidaceae 27 genera, being of foliar 
epiphytes or saprobes on dead leaves and stems. We re-visited the two families based on 
examinations of generic types where possible. Members are distributed in Aulographaceae, 
Asterinaceae, Microthyriaceae, Micropeltidaceae and Palmulariaceae and notes are provided 
on each of these families. New sequence data for a number of species and genera are 
provided. Microthyriaceous members growing on other fungi and lichens differ from 
Microthyriaceae sensu stricto and the family Trichothyriaceae was reinstated to accommodate 
these taxa. The family Microthyriaceae is reduced to seven genera characterised by 
superficial, flattened thyriothecia, with the cells of the upper wall radiating in parallel 
arrangement from the distinct central ostiolar opening, while the lower peridium is generally 
poorly developed. The family Micropeltidaceae is reduced to eight genera. Sequence data is 
provided for five species with thyriothecia and Paramicrothyrium and Neomicrothyrium are 
described as new genera and Micropeltis zingiberacicola is introduced as a new species. Our 
phylogenetic analysis underscores the high genetic diversity for thyriotheciate species and 
there is no clear clade that can be well defined as Microthyriales. Nuclear ribosomal data 
support multiple polyphyletic lineages within Microthyriaceae and Micropeltidaceae. Some 
unexpected DNA based phylogenetic relationships such as those between Muyocopron and 
Saccardoella will require corroboration with more complete taxon sampling as well as 
additional non ribosomal markers.  
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Phylogenetic relationships between species in the Ophiostoma clavatum complex 
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The Ophiostomatales includes numerous cryptic species for which the taxonomic status 
remains unresolved. These fungi include potential pathogens for which reliable identification 
is required for quarantine purposes. Previous studies have recognized two morphologically 
similar species, Ophiostoma brunneo-ciliatum and O. clavatum, associated with Ips 
acuminatus, which is a serious pest of Pinus spp. in Europe. Ophiostoma brunneo-
ciliatum has also been isolated from other conifer-infesting bark beetles in Europe. The 
uncertain taxonomic status of O. clavatum together with a lack of type material for 
bothO. brunneo-ciliatum and O.clavatum raises questions regarding their appropriate 
taxonomic placement. The aim of this study was to clarify the identity of European isolates 
previously reported as either O. brunneo-ciliatum or O. clavatum based on morphological 
characteristics and multigene sequence analysis (partial ß-tubulin, calmodulin, EF-1α and 
ITS). Phylogenetic analyses revealed that the isolates represent a complex of cryptic 
species. Ophiostoma brunneo-ciliatum and O. clavatum were confirmed as distinct taxa, 
which also differ ecologically. Recently collected isolates of a fungus in this complex 
commonly associated with I. acuminatus in the Italian and Austrian Alps were identified 
as O. clavatum. In addition, two novel species in the O. clavatum complex were identified. 
These are in the process of being described and O. clavatum and O. brunneo-ciliatum will be 
epitypified.  
  
Keywords : Ophiostoma clavatum, Ophiostoma brunneo-ciliatum, cryptic species , 
epitypification, Ophiostomatales 
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Molecular systematics of the genus Helvella redefines species boundaries and uncovers 


high species diversity 
Inger   Skrede1*, Tor   Carlsen1, Trond   Schumacher1 
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The genus Helvella (Helvellaceae, Pezizales) consists of a large variety of delicately stipitate, 
cup- and saddle-shaped fungi of the Pezizomycotina. Our work is a beginning of 
understanding the species diversity and species level relationships across Helvella. We have 
conducted a genealogical concordance phylogenetic species recognition (GCPSR)-based 
analysis of 410 specimens of Helvella from different continents and climatic zones, based on 
field collections and herbarium specimens in C, H and O. We used partial sequence data from 
four molecular markers: elongation factor 1 alpha (515 bp), RNA Polymerase II subunit (347 
bp), heat shock protein 90 (273 bp), and 28s Ribosomal subunit (694 bp) to assess species 
limits and aid in species identification. A subset of 138 specimens, constituting altogether 69 
distinct evolutionary units, was selected for ML and Bayesian phylogenetic analyses. Our 
results indicate that GCPSR delimits more species than an assessment based on 
morphological species recognition. The GCPSR analyses reveal a number of morphologically 
assemblages of species, e.g. of the binominal H. elastica, H.crispa, H. corium, and H. 
lacunosa species aggregates. Some Helvella spp. are present on different continents, while a 
fair number seem to be restricted to a particular region or represent continent endemics. Our 
data indicate that species diversity in Helvella is higher than the more conservative 
recognition of taxa in recent literature. Our work demonstrates the valuable and necessary 
supplement of using pertinent molecular markers in species recognition across the diverse 
and beautiful genus of Helvella. 
   
Keywords: Helvellaceae, genealocial concordance phylogenetic species recognition, 
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The genus Aspergillus comprises more than 250 species presenting unique properties, various 
ecological adaptations and high genetic diversity. Our study was based on industrial isolates 
originating from Greece which have been studied in detail concerning their morphological 
characters. For the molecular analysis, two mitochondrial genes, in addition to the commonly 
used genetic loci, have provided some interesting new insights to the phylogeny and 
systematics of the genus. The phylogenetic relationships of these species were determined 
using sequences from the ITS and IGS regions of the nuclear rRNA gene complex, the 
nuclear genes benA and rpb2, the mitochondrial genes rns and cox1 and related sequences 
from databases whenever available. Mitochondrial based phylogenies combined with 
morphological and nuclear based molecular datasets provided valuable data for taxonomic 
purposes and refined evolutionary pathways. Single gene datasets (ITS, benA and rpb2) and 
the concatenated dataset, clearly indicated that members of section Nigri are divided into two 
clades that correspond to the uniseriate and biseriate conidial head formation. ITS, benA 
and rpb2 datasets showed that the sections Circumdati, Flavi and Nigri do not cluster 
together. However, the mitochondrial rns sequences suggest a possible common origin of 
these sections, in accordance with morphological observations based on significant 
morphological similarities, i.e., biseriate conidial heads, large globose vesicles, ascostromata 
when teleomorph present. The concatenation of nuclear and mitochondrial genes 
clustered Aspergillus species into seven major clades related to the developmental patterns of 
the teleomorphs. 
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Anderson Messias Rodrigues 535 P 3.6.8 650 P 5.2.5


Andre  Rodrigues 570 P 4.2.6 343 O 6.2.3


Andre Fleissner 22  - Birendra  Prasad 886 P 7.3.8


André Lachance 243  - 493 P 3.2.3


André Lévesque 212  - 494 P 3.2.4


838 P 6.7.4 Bita  Asgari 673 P 5.4.1


839 P 6.7.5 Björn D. Lindahl 109  - 


840 P 6.7.6 456 P 2.1.3


353 O 6.7.2 81  - 


Andrea Hamann 44  - Brett Macey 89  - 


Andrey M Yurkov 337 O 5.7.3 Britt A Bunyard 565 P 4.2.1


Anjuli  Meiser 268 O 2.2.1 Britta  Bueker 275 O 2.4.5


Anna  Avrova 465 P 2.1.12


Anne Pringle 166  - C. Alisha Quandt 96  - 


Annegret Kohler 51  - 843 P 6.7.9


Annemieke  van der Wal 312 O 4.6.2 787 P 6.1.31


Antonia  Fleischhacker 623 P 4.7.3 Carlos Galan Boluda 652 P 5.2.7


Anupong  Klaysuban 762 P 6.1.6 704 P 5.4.32


Aphichart - Karnchanatat 913 P 7.8.6 358 O 7.1.1


Areejit Samal 187  - 587 P 4.4.4


657 P 5.3.1 101  - 


350 O 6.5.2 Catarina  Henke 406 O SS5.4


532 P 3.6.5 525 P 3.5.11


915 P 8.1.1 564 P 4.1.17


Ariya  Chindamporn 918 P 8.2.2 Cene  Gostinčar 479 P 2.5.2


Asha Janadaree Dissanayake 669 P 5.3.13 Chaiwat  Boonpeng 627 P 4.7.7


Carrie  Andrew


Catharine Allyssa Adams


Biswajeet  Sahoo


Brenda Diana Wingfield


Carlos  Antonio  Inácio


Carolyn  Young


A


B


C


Alberto Carlos Velazquez-Narvaez 


André Luiz Firmino


Ariana  Kubartova


Arista  Fourie


Bernard  Slippers


Bibiana  Moncada







Name Page Code Name Page Code


Chananya  Chuaysrinule 901 P 7.4.13 Dirk  Krueger 813 P 6.5.3


Changbin Chen 60  - Dmitry Schigel 155  - 


Chanikul  Chutrakul 375 O 7.7.1 Dollymol M. Aravindakshan 812 P 6.5.2


Chanintorn  Doungsa-ard 399 O SS4.3 Dominik Begerow 80  - 


Charuwan  Chuaseeharonnachai 801 P 6.3.4 Donald Jay Nelsen 554 P 4.1.7


Che-Chia  Yeh 287 O 3.4.2 Donatella  Tesei 423 P 1.1.2


47  - 734 P 5.6.9


54  - 737 P 5.6.12


Cherdchai  Phosri 721 P 5.5.16 Dong Xuan Nguyen 468 P 2.2.3


Chia-ling  Chen 458 P 2.1.5 Donnaya  Thanakitpipattana 799 P 6.3.2


Chih-Chuang  Liaw 448 P 1.5.5 Donowati  Tjokrokusumo 895 P 7.4.7


Chompoonek  Yurayart 925 P 8.6.4 811 P 6.5.1


Christian  Richter 466 P 2.2.1 390 O SS3.1


531 P 3.6.4 Duangdao Wichadakul 49  - 


272 O 2.4.2 Dulangana  Hunupolagama 752 P 5.8.1


Christina  Beimforde 919 P 8.2.3


Christoph Scheidegger 149  - E.B. Gareth Jones 245  - 


Christopher Schardl 172  - Ekaphan Kraichak 143  - 


562 P 4.1.15 Elaine   Malosso 835 P 6.7.1


772 P 6.1.16 Elizabeth Sheedy 131  - 


Conrad Schoch 217  - Elke Janna van Nieuwenhuijzen 575P 4.3.3


Craig  Bateman 501 P 3.2.11 Elke-Martina  Jung 437 P 1.4.2


868 P 7.2.6 648 P 5.2.3


869 P 7.2.7 346 O 6.3.2


362 O 7.2.2 Emi  Matsumura 308 O 4.5.1


Emi  Miwa 597 P 4.5.6


Dag Ahrén 55  - Emilia   Rico-Munoz 368 O 7.4.2


Dagmar Triebel 219  - Emmanuel  Serusiaux 622 P 4.7.2


Damien Ertz 127  - Endang Sutriswati Rahayu 639 P 5.1.2


Damrongpan Thongwat 872 P 7.2.10 Eric Hugh Charles McKenzie 773 P 6.1.17


Daniel Henk 38  - Eric Kuhnert 160  - 


Daniel P. Bebber 103  - Erik F.Y. Hom 206  - 


705 P 5.5.1 Erik Hobbie Hobbie 557 P 4.1.10


397 O SS4.1 Erwin Berthier 42  - 


Davi Mesquita Macedo 702 P 5.4.30 Eske  De Crop 714 P 5.5.10


124  - Ester  Gaya 380 O 8.2.2


242  - Eun-Hwa  Lee 634 P 4.8.4


David J. McLaughlin 330 O 5.6.2


Deepika  Rajwar 880 P 7.3.2 Fabiane Silva Darosci Brito 528 P 3.6.1


553 P 4.1.6 Fan  Xinlei 727 P 5.6.2


591 P 4.4.8 Fang Li 57  - 


309 O 4.5.2 864 P 7.2.2


313 O 4.6.3 890 P 7.4.2


Dhanushka Nadeeshan Wanasinghe 829 P 6.5.19 Feng-Yan Bai 193  - 


Diana  Galova 665 P 5.3.9 Ferry  Hagen 749 P 5.7.1


Diana Leemon 73  - Flavius  Popa 758 P 6.1.2


Didier  Lesueur 573 P 4.3.1 Frances  Trail 262 O 1.7.2


Dilani Danushika De Silva 462 P 2.1.9 Frank  Surup 284 O 3.3.1


Dimitrios Floudas 50  - Franz Christoph Oberwinkler 414 O SS6.5


Christian Joseph Rili Cumagun


Draginja  Pavlic-Zupanc


Claudia  Pandolfo Paz


Craig  Faulds Elna J. van der Linde


Chengshu Wang Donatha Damian Tibuhwa


F


E


Dao Lamega Maba


David Hibbett


Derek  Persoh


Felipe Barbosa Pessoa


D







Name Page Code Name Page Code


Franziska  Genzel 506 P 3.3.5 221  - 


Fred  Asiegbu 620 P 4.6.9 533 P 3.6.6


270 O 2.3.1 Hideki  Osaki 505 P 3.3.4


46  - Hiran Anjana Ariyawansa 326 O 5.4.3


Hiroki  Arai 583 P 4.3.11


621 P 4.7.1 230  - 


68  - 735 P 5.6.10


112  - Hiroshi Konno 189  - 


Gayuh   Rahayu 596 P 4.5.5 Hirotoshi Sato 202  - 


Gen  Okada 674 P 5.4.2 Hiroyuki  Abe 252 O 1.1.1


Geoffrey Gadd 177  - 516 P 3.5.2


Geoffrey Robson 180  - 538 P 3.8.1


Gerald Bills 9  - Hiroyuki  Suzuki 637 P 4.8.7


Gerald M. Cobian 607 P 4.5.16 Hoang ND Pham 133  - 


Gerardo  Rodríguez-Alvarado 542 P 3.8.5 Hoi Shan  Kwan 278 O 2.5.3


612 P 4.6.1 Holger Zorn 174  - 


844 P 6.8.1 Hongli  Hu 514 P 3.3.13


Gerhard Braus 26  - Hua Ming Wang 186  - 


Gerhard Woldemar Kost 760 P 6.1.4 Hui-Ling Liao 204  - 


Gintaras Kantvilas 342 O 6.2.2 Husefa Raja 164  - 


Giuliana Maria Furci 757 P 6.1.1 HyoJung  Cha 598 P 4.5.7


Gordon Beakes 209  - 


Graciela  Guerra-Rivas 875 P 7.2.13 877 P 7.2.15


8  - 878 P 7.2.16


188  - 764 P 6.1.8


779 P 6.1.23 786 P 6.1.30


332 O 5.6.4 339 O 6.1.2


Gregory M. Mueller 139  - Iman  Sylvain 672 P 5.3.16


Grits Walther 122  - In-Cheol   Park 615 P 4.6.4


Guangyu  Sun 396 O SS3.7 461 P 2.1.8


Guillaume Marc-Emmanuel Hoareau 625 P 4.7.5 419 O SS7.4


Guozhong  Lu 769 P 6.1.13 Iren  Siller 617 P 4.6.6


689 P 5.4.17


H.H.M.A.U.  Herath 908 P 7.8.1 391 O SS3.2


Hai D.T. Nguyen 739 P 5.6.14 748 P 5.6.23


Haixia  Wu 417 O SS7.2 789 P 6.1.33


Hans-Josef  Schroers 696 P 5.4.24 283 O 3.2.1


Harikumar  VS 781 P 6.1.25 Izumi Chuma 78  - 


560 P 4.1.13


785 P 6.1.29 Jacob Heilmann-Clausen 154  - 


Hea Reung Park 392 O SS3.3 Jae-Seoun Hur 144  - 


Hector M. Mora Montes 229  - JaeWook  Choi 556 P 4.1.9


Hector Urbina 95  - 576 P 4.3.4


Hege Hvattum Divon 499 P 3.2.9 303 O 4.3.3


Heide-Marie Daniel 136  - James Woodhall 116  - 


Heidi  Döring 523 P 3.5.9 717 P 5.5.13


Heinz (Dieter) Osiewacz 14  - 920 P 8.3.1


Heng  Gui 616 P 4.6.5 476 P 2.4.2


600 P 4.5.9 274 O 2.4.4


898 P 7.4.10 407 O SS5.5


J


James Peter Stratford


Jan  Hackel


Jan  Schmid


Henri Mikael Vanhanen


Henrik R. Nilsson


Hiroki Sato


Hiroyuki  Sekiguchi


I


I Nyoman Pugeg Aryantha


Ibai  Olariaga


Inger  Skrede


Irene  Barnes


Isabella Hendrika Rong


Gergely  Kutszegi


Gregory Jedd 


Gregory M Bonito


Hasan Huseyin Dogan


G


H


Fu-Cheng  Lin


Gabriele  Berg







Name Page Code Name Page Code


37  - Jose Dianese 161  - 


63  - Jose Gaspar Macia-Vicente 608 P 4.5.17


Jana Voříšková 125  - Jose Sampaio Sampaio 335 O 5.7.1


Jashanpreet  Kaur 429 P 1.1.8 Joseph  Edith 365 O 7.3.2


Jason A. Smith 65  - Joseph W. Spatafora 5  - 


Jason Stajich 222  - Joyce Hermina Cornelia Woudenberg 515 P 3.5.1


Jasper Elvin Elvin James 644 P 5.1.7 Juan-Juan Wang 56  - 


Javier Diéguez-Uribeondo 211  - Julia  Kirtzel 614 P 4.6.3


Jean-Claude Sigoillot 873 P 7.2.11 Jun Yang  33  - 


Jean-Paul Latge 58  - June Kwon-Chung 6  - 


Jennifer Luangsa-ard 147  - Jun-ichi Maruyama 13  - 


Jennifer Talbot 111  - Junichi Peter Abe 561 P 4.1.14


Jens Frisvad 181  - Junko  Sugano 885 P 7.3.7


Jerneja  Zupančič 578 P 4.3.6 Jureerat  Veapattanakit 861 P 7.1.6


Jérôme  Collemare 41  - Jürgen Köhl 71  - 


Jessie Uehling Uehling 258 O 1.5.2


Jhon Alexander Osorio 491 P 3.2.1 K. G. Sameera Upanada Ariyawansa 254 O 1.3.1


Jian-Kui Liu 128  - K. N. Anil  Raj 709 P 5.5.5


Jie  Chen 722 P 5.5.17 K. P. Deepna  Latha 708 P 5.5.4


Ji-hyun  Park 519 P 3.5.5 695 P 5.4.23


Jim Correll 236  - 299 O 4.2.2


Jintana  Wongwigkarn 431 P 1.1.10 Ka-Lai  Pang 690 P 5.4.18


Jiraporn  Jirakkakul 279 O 2.6.1 Kallaya Suntornvongsagul 179  - 


Jiraporn  Thaniyavarn 911 P 7.8.4 Kanoksri Tasanathai 662 P 5.3.6


Jiri  Gabriel 881 P 7.3.3 Kantarawee  Khayhan 536 P 3.6.9


Jiri  Kout 658 P 5.3.2 Kanya Preechasuth 32  - 


Joachim Meeßen 100  - Kaoru  Yamaguchi 682 P 5.4.10


Joanne Elizabeth Taylor 610 P 4.5.19 Karen  Hansen 324 O 5.4.1


Jochen Krauss 107  - Kari Saikkonen 104  - 


118  - Karina Engelbrecht Clemmensen 307 O 4.4.4


651 P 5.2.6 248  - 


647 P 5.2.2 694 P 5.4.22


378 O 8.1.2 422 P 1.1.1


434 P 1.1.13 427 P 1.1.6


645 P 5.1.8 Kathryn  Picard 322 O 5.3.2


548 P 4.1.1 Kathryn Bushley 43  - 


584 P 4.4.1 Katsuhiko Ando 190  - 


818 P 6.5.8 Kawinnat  Buaruang 344 O 6.2.4


820 P 6.5.10 Kaylene  Bransgrove 604 P 4.5.13


John I Pitt 692 P 5.4.20 Kazuhiro Iwashita 194  - 


John W. Taylor 200  - Kazumi  Takao 469 P 2.2.4


683 P 5.4.11 Keiichi Ueda 85  - 


292 O 3.6.1 Keisha Monique Findley 205  - 


Jonathan Plett 91  - 539 P 3.8.2


Jongrak - Attarat 433 P 1.1.12 540 P 3.8.3


Jorinde  Nuytinck 715 P 5.5.11 Kelly D. Craven 171  - 


Jos  Houbraken 369 O 7.4.3 Kensuke  Seto 730 P 5.6.5


836 P 6.7.2 Kerry  Everett 643 P 5.1.6


837 P 6.7.3 240  - 


Keisuke  Tomioka


K


Kadri  Põldmaa


Kasun M. Thambugala


Katerina Vladimirovna Sazanova


Jan Stenlid


Jose  Carmine  Dianese 


Jolanda  Roux


Johannes Benjamin Stielow


Johannes Zacharias  Groenewald


John  Bissett


John  Dighton


John  Zothanzama







Name Page Code Name Page Code


Kerstin Linnea Varenius 759 P 6.1.3 Lucas Alexander Shuttleworth 693 P 5.4.21


Kessy Abarenkov 224  - Lucia  Muggia 726 P 5.6.1


Kevin  David Hyde 697 P 5.4.25 670 P 5.3.14


Kiminori  Shimizu 750 P 5.7.2 671 P 5.3.15


Kimiyo  Matsukura 589 P 4.4.6 Lucia Muggia 114  - 


Kin Ming  Tsui 293 O 3.6.2 Luis  Villarreal-Ruiz 413 O SS6.4


Kittipan Samerpitak 646 P 5.2.1 Luis F. Pascholati Gusmão 162  - 


Kiyohiko Igarashi 52  - 586 P 4.4.3


Kohei  Yamamoto 333 O 5.6.5 357 O 6.8.3


Ko-Hsuan  Chen 688 P 5.4.16 Luis Pascholati GusmÃ£o 352O 6.7.1


Kojiro  Hara 791 P 6.2.2 Luke  Heaton 253 O 1.2.1


Kolea  Zimmerman 267 O 2.1.5 Lynne Boddy 10  - 


Komsit  Wisitrassameewong 720 P 5.5.15 Lyubomir Penev 218  - 


Krishnappa  Maddappa 304 O 4.4.1


917 P 8.2.1 Maarja  Opik 321 O 5.3.1


382 O 8.3.1 Mai  Suyama 571 P 4.2.7


Kulsumpun - krobanan 453 P 1.8.3 518 P 3.5.4


Kyoko  Niimi 371 O 7.5.2 605 P 4.5.14


Kyoko  Watanabe 746 P 5.6.21 606 P 4.5.15


Kyriaki  Glynou 594 P 4.5.3 Makoto  Kira 876 P 7.2.14


Kyrylo  Savchenko 527 P 3.5.13 Malee  Mekaprateep 447 P 1.5.4


Malte  Ebinghaus 347 O 6.3.3


Lam  Duong 351 O 6.6.1 Manuela  da Silva 882 P 7.3.4


Laszlo  Irinyi 319 O 5.2.2 Marc  Ramsperger 488 P 3.1.4


327 O 5.5.1 Marc Stadler 175  - 


215  - Marc-André  Lachance 137  - 


Latiffah  Zakaria 345 O 6.3.1 401 O SS4.5


719 P 5.5.14 93  - 


771 P 6.1.15 569 P 4.2.5


Lauren  Goldmann 703 P 5.4.31 916 P 8.1.2


Leho Tedersoo 90  - Marcelo  Camacho 724 P 5.5.19


Lei Cai 729 P 5.6.4 Marcia Regina Braga 450 P 1.6.2


Leila M. Lopes-Bezerra 225  - Marco Thines 213  - 


Lene Lange 11  - Mari Jönsson Göran Thor 142  - 


102  - Mari Therese Jönsson 824 P 6.5.14


167  - Maria  Ntertilis 810 P 6.4.3


263 O 2.1.1 780 P 6.1.24


48  - 793 P 6.2.4


Liliane E Petrini 159  - Maria  Yarina 870 P 7.2.8


Linda Johnson 170  - María de Jesús  Yáñez-Morales 635P 4.8.5


439 P 1.4.4 Maria Gonzalez 770 P 6.1.14


475 P 2.4.1 Maria Lucia Taylor 485 P 3.1.1


Liu Fang 238  - Maria Prieto Alvaro 129  - 


Liu Jikai 173  - 602 P 4.5.11


Li-Wei  Zhou 349 O 6.5.1 603 P 4.5.12


Lixia zhu zhu 373 O 7.6.2 Marilene Henning Vainstein 472 P 2.3.1


Llyrha Mae Escaner Maghari 490 P 3.1.6 Marin Brewer 39  - 


Lorenzo  Lombard 377 O 8.1.1 Marisol  Sanchez-Garcia 713 P 5.5.9


428 P 1.1.7 256 O 1.4.1


388 O SS2.2 379 O 8.2.1


Lourdes Valerio Alvarez


Lucia  Zifcakova


Luis N. Morgado


M


Makoto  Kakishima


Marc-André  Selosse


Marcele  Vermeulen


Maria  Prieto Alvaro


Marieka  Gryzenhout


Mark D Fricker


Laura  Guzman-Davalos


Liang-Dong Guo


Li-Jun  Ma


Ling  Lu


Kristiina  Mark


L


Laszlo G Nagy







Name Page Code Name Page Code


Marketa  Samalova 259 O 1.6.1 Mongkol  Phaengphech 629 P 4.7.9


778 P 6.1.22 Montarop   Sudhadham 545 P 3.8.8


329 O 5.6.1 Morakot Tanticharoen 3  - 


Martha Hollingsworth Elmore 482 P 2.5.5 Moritz  Mittelbach 582 P 4.3.10


Martijn Rep 198  - Motoichiro  Kodama 481 P 2.5.4


Martin  Kemler 601 P 4.5.10 659 P 5.3.3


Martin B. Dickman 15  - 416 O SS7.1


Martin Petrus Albertus Coetzee 457 P 2.1.4 492 P 3.2.2


Martin Unterseher 110  - 728 P 5.6.3


Martina   Stursova 412 O SS6.3 Muhammad  Ilyas 592 P 4.5.1


Martina  Turk 277 O 2.5.2 Muhammad Avisena Wildani 887 P 7.3.9


Martina Reblova 130  - Muneki Yamada 710 P 5.5.6


Mary Berbee 53  - 


Maryam  Chaib De Mares 478 P 2.5.1 N. Louise Glass 24  - 


Masakazu   Niimi 280 O 3.1.1 Nadthanan  Pinchai 471 P 2.2.6


Masako Takashima 135  - Najjapak  Sooksawat 909 P 7.8.2


Masatoshi  Goto 372 O 7.6.1 732 P 5.6.7


Mats  Wedin 626 P 4.7.6 740 P 5.6.15


Matteo Garbelotto 67  - Nami  Nakazawa 618 P 4.6.7


Matthew Nelsen 201  - Nampiah   Sukarno 846 P 6.8.3


Mattika  Sodamuk 794 P 6.2.5 686 P 5.4.14


Mayumi  Hatakeyama 874 P 7.2.12 805 P 6.3.8


Mee-Sook  Kim 590 P 4.4.7 Naoki  Endo 912 P 7.8.5


766 P 6.1.10 Naoya Osawa 94  - 


146  - nareeluk - Nakaew 884 P 7.3.6


841 P 6.7.7 897 P 7.4.9


354 O 6.7.3 389 O SS2.3


Melinda Jane Greenfield 288 O 3.4.3 182  - 


Melissa  Mardones Hidalgo 800 P 6.3.3 Naritsada  Thongklang 871 P 7.2.9


Meritxell Riquelme 16  - 257 O 1.5.1


Messaoud Bachagha  Bensaci 290 O 3.5.2 549 P 4.1.2


Michael Christiaan Bester 315 O 5.1.2 725 P 5.5.20


Michael Feldbrügge 17  - 903 P 7.4.15


685 P 5.4.13 Nattawut  Boonyuen 879 P 7.3.1


733 P 5.6.8 Nattawut Rungjindamai 249  - 


Michel  de Vries 455 P 2.1.2 Navaporn  Worasilchai 543 P 3.8.6


Mika  Bendiksby 809 P 6.4.2 Naweed Naqvi 25  - 


Mikael Rørdam Andersen 195  - Ned B. Klopfenstein 64  - 


Miklós Bálint 126  - Neil A.R. Gow 31  - 


Mingkwan  Doilom 698 P 5.4.26 Nelson  Menolli Jr. 723 P 5.5.18


Mingu  Kang 866 P 7.2.4 Neta Shlezinger 59  - 


Miroslav  Kolarik 857 P 7.1.2 Nettra   Somboonkaew 904 P 7.6.1


Mohamed Rizman-idid 246  - Nguyen Thi Thanh 232  - 


666 P 5.3.10 Niall Francis Higgins 387 O SS2.1


123  - Nick Read 20  - 


Mohammed   Rizman-Idid 754 P 5.8.3 630 P 4.7.10


Mohd Hanif Jainlabdin 642 P 5.1.5 207  - 


521 P 3.5.7 Nigel Hywel-Jones 76  - 


522 P 3.5.8 Nik Iskandar Putra  Samsudin 892 P 7.4.4


Nicolas  Magain


Mohammad  Bahram


Momei  Chen


Mounes  Bakhshi


Mousa  Najafiniya


N


Nalin  Wijayawardene


Nani Radiastuti Radiastuti


Naresh  Magan


Nassima   Ait Lahmidi 


Natalia  Vargas


Marta  Wrzosek


Meike  Piepenbring


Meiriele  da Silva


Michael J. Wingfield







Name Page Code Name Page Code


806 P 6.3.9 Polona  Zalar 924 P 8.6.3


807 P 6.3.10 Popchai Ngamskulrungroj 83  - 


Niloofar  Vaghefi 460 P 2.1.7 Pornprapa  Kongtragoul 509 P 3.3.8


Nina  Gunde-Cimerman 496 P 3.2.6 Prabina  Rana 609 P 4.5.18


ning  zhang 394 O SS3.5 Pradeep K. Divakar 203  - 


Nirmal Sudhir Kumar Harsh 364 O 7.3.1 Prakitsin Sihanonth 178  - 


Nopparat  Wannathes 831 P 6.5.21 Pramote Chumnanpuen 196  - 


Noppol  Kobmoo 798 P 6.3.1 Prapapan  Sawhasan 572 P 4.2.8


Norman Muzhinji 711 P 5.5.7 Prasert  Srikitikulchai 834 P 6.6.2


Nova  Pratiar 640 P 5.1.3 Pratoomporn  khaokhajorn 860 P 7.1.5


546 P 3.8.9 Pricila Palla Costa 842 P 6.7.8


547 P 3.8.10 Primrose J Boynton 336 O 5.7.2


Nuniek Ina  Ratnaningtyas 825 P 6.5.15 Pubudu  Gunawardhana 624 P 4.7.4


Nutsuda   Banlangsawan 893 P 7.4.5 Puspendu  Sardar 408 O SS5.6


Nutthaporn  Ruchikachorn 833 P 6.6.1 Putarak - Chomnunti 691 P 5.4.19


Nuttika Suwannasai 158  - 


Qi  Wang 473 P 2.3.2


Oddur Vilhelmsson 113  - 474 P 2.3.3


Oliver  Rohl 756 P 5.8.5 Qing  Tian 803 P 6.3.6


Olivier  Raspe 847 P 6.8.4 Qiuping  Wang 374 O 7.6.3


Ong-ard  Lawhavanit 541 P 3.8.4 Quoc Bao Nguyen 260 O 1.6.2


Osamu  Watanuki 731 P 5.6.6 Quyen BaoThuy Ho 405 O SS5.3


Otomi  Cho 487 P 3.1.3


Rampai  Kodsueb 744 P 5.6.19


Panan   Rerngsamran 510 P 3.3.9 Razak  Bin Terhem 403 O SS5.1


Panida Unagul 896 P 7.4.8 Reddy Prakash  Kancherla 464 P 2.1.11


Paola Bonfante 29  - Reinhard Fischer 19  - 


Paolo  Di Lonardo 613 P 4.6.2 René  Prior 286 O 3.4.1


Patinjareveettil  Manimohan 566 P 4.2.2 Reyna Carmina Felicia Murry 442 P 1.4.7


Paul (Michael) Kirk 216  - Richard T. Hanlin 163  - 


Paul Cannon 140  - 495 P 3.2.5


Paul Nelson 79  - 418 O SS7.3


Paul Taylor 237  - Rita  Grosch 265 O 2.1.3


511 P 3.3.10 Rita de Caissia Leone Figueiredo-
Ribeiro


432 P 1.1.11


266 O 2.1.4 Rita Grosch  70  - 


291 O 3.5.3 Robert A. Blanchette 819 P 6.5.9


Paula   Goncalves 409 O SS5.7 Robert Barreto 148  - 


Pedro W. Crous 2  - 921 P 8.5.1


Pernille Bronken Eidesen 563 P 4.1.16 341 O 6.2.1


Peter  Buchanan 784 P 6.1.28 386 O 8.6.1


Peter Denton  Crittenden 632 P 4.8.2 Robert Weingart Barreto 788 P 6.1.32
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Keynote  
 


Linking life 
Pedro W. Crous 


 
CBS-KNAW Fungal Biodiversity Centre, Uppsalalaan 8, 3584 Utrecht, The Netherlands 


 
Communicating to fellow biologists about fungal species is the very cornerstone of 
mycology. For the species presently known, this has largely been accomplishedvia 
Latin binomials linked to morphology in the absence of DNA barcodes. In recent 
years mycologists have embraced the ITS as official barcode region for Fungi, and 
this locus is also mainlyused in environmental pyrosequencingstudies. Furthermore, 
DNA data can now also be used to describe sterile species in the absence or lack of 
distinct morphological structures. Recent developments such as the registration of 
names in MycoBank, and linking the phenotype to the genotype in GenBank, have 
significantly changed the face of fungal systematics. By employing the Consolidated 
Species Concept, incorporating genealogical concordance, ecology and morphology, 
robust species recognition is now possible. The first on-going initiative in this regard 
is the DNA barcoding of all major culture collections, followed by the Genera of 
Fungi Project, aiming to recollect, and epitypify all type species of all genera. Once 
we provide a stable genetic backbone capturing our existing knowledge of the past 
250years, we will be able to accommodate novelties obtained via environmental 
sequencing platforms. Being able to communicate these species to other biologists in 
a robust manner that is DNA-based, will enable scientists to elucidate the importance, 
role and ecological interactions that these fungi have on our planet. 
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Plenary 1 
 


Strengthening mycological research through international collaboration: 
Thailand’s experience 


Morakot Tanticharoen 
 


National Science and Technology Development Agency, Thailand 
 


Thailand is one of the most biodiversity-rich countries in the world. It is 
located within two major bio-geographical regions, and as a result is home to a wide 
range of plant and fungal species that include temperate and sub-alpine species in the 
north of the country and tropical species in the south. Watling [1998] compares the 
fungal biodiversity of Thailand with surrounding countries and concludes that 
Thailand’s wealth of biodiversity is due to its tropical location, climatic variation 
between the north and south of the country, and the wide range of tree species that can 
host ectomycorrhizal fungi. This richness is reflected in the number of species 
reported. 


Hawksworth (1991) estimates that globally there are 1.5 million fungal 
species. Given that Thailand usually hosts 7-10% of the world total biodiversity, we 
can assume that there are 100,000-150,000 fungi in Thailand, but only 4% of these 
have been discovered and reported.  A study of fungi in Thailand was initiated in 
1902 by a Danish taxonomist. During the period 1902-1995 only 122 new fungi in 
Thailand were discovered. With the establishment of the Biodiversity Research and 
Training Program (BRT) in Thailand in 1995, research into fungi intensified, and 153 
new fungal species were discovered within a 9 year period (1996-2005). The 
discoveries led to a systematic collection of different fungal groups by Thailand’s 
National Culture Collection for use by the public and private sectors.   


In March, 1992 more than a 100 mycologists from Thailand and the British 
Mycological Society gathered at a meeting organized at Kasetsart University, with the 
support of the National Center for Genetic Engineering and Biotechnology 
[BIOTEC]. This meeting helped to increase awareness about the value of mycology, 
and today mycological research is being conducted at a number of Universities across 
Thailand as well as at the National Center for Genetic Engineering and Biotechnology 
(BIOTEC) which is best known for Entomopathogenic or Invertebrate Pathogenic 
fungi.  


This paper will outline how Thailand has developed a fungal resources 
inventory to ensure the sustainable use of the country’s fungi. Strategies and tools for 
strengthening Thailand research capability and for building international research 
partnerships will be presented, and examples given of successful public- private 
partnerships for bio-prospecting and technology transfer. The issue of human resource 
development will also be discussed with a focus on BIOTEC’s program called Human 
Resource Development in Biotechnology for Cambodia, Laos, Myanmar and Vietnam 
(CLMV). 
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Plenary 2 
 


Lichens, air pollution, and human health 
Pier Luigi Nimis 


 
Dept. of Life Sciences, University of Trieste, Italy 


 
Lichens are well known as ‘indicators of air quality’ with thousands of papers 
published on this subject in the last decades. The term ‘indicator’, however, as well as 
the term ‘air quality’ (or ‘air purity’) are often used without a sound operational 
definition. In most cases ‘air quality’ seems to be implicitly defined as ‘that thing 
which is estimated by using indicators of air quality’. Most studies, however, are 
based on records of species’ frequencies within a sampling grid, i.e. on measures of 
biodiversity, and not on a poorly defined ‘index’. Epiphytic lichen diversity proved to 
be highly correlated with lung cancer mortality of young native males in the Region 
of Veneto (NE Italy). Correlation, however, does not automatically imply causality. 
Lichen diversity is negatively affected by sulphur dioxide concentrations, and the 
study allowed to map the transport and deposition of this gaseous pollutant over long 
distances. Lung cancer is most probably triggered by different pollutants, which, 
however, follow the same dispersal pattern revealed by lichens for sulphur dioxide. A 
still unpublished follow-up of this comparison between two biomonitors (lichens and 
humans), devoted to lung cancer mortality in higher age-classes, reveals interesting 
mortality patterns which are not related to air pollution, but to the socio-economical 
history of the survey area. In Europe much work was devoted to standardise the 
methodology, by modifying several steps of the original protocols in order to fully 
eliminate any subjective choice of the operators. This resulted first in national 
guidelines (e.g. for Italy and Germany), and recently in a European standard method 
approved by CEN (Europan Committee for Standardization). An interesting test of the 
robustness of this method occurred in Italy, where the results of lichen monitoring 
studies are being accepted as an important element of proof in trials against 
Companies accused of environmental pollution. The drop in suphur dioxide 
concentrations in the last decades all over Europe had important consequences in the 
way lichen diversity data are interpreted: they still can provide useful information on 
other environmental factors, such as eutrophication and urban microclimate. A 
completely different methodology is the use of lichens as bioaccumulators to map 
trace metal deposition over vast areas. Also in this case, several protocols were 
developed to reduce data variability and a European standard method is under 
preparation. In this case however, to interpret the data in terms which may be really 
useful for public health, it is fundamental to estimate the degree of deviation from 
‘natural’ concentrations of metals in lichen thalli, in order to detect ‘high risk areas’ 
where instrumental recording of pollution should be concentrated. 
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Plenary 3 
 


Phylogenomics and the Fungal Tree of Life 
Joseph W. Spatafora 
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Plenary 4 
 


Importance of molecular strain typing in etiology of cryptococcosis:  
What is the clinical relevance? 


K. J. Kwon-Chung 
 


Molecular Microbiology Section, Laboratory of Clinical Infectious Diseases,  
NIAID/NIH Bethesda, MD 20892 


 
Availability of the PCR technique and easy access to DNA sequencing has 
revolutionized the concept of  fungal taxonomy from  phenetic  to  phylogenetic 
classifications. Such a revolution in fungal taxonomy and classification has resulted in 
a drastic increase in the number of fungal species. Pathogenic fungi are not the  
exception.  Many pathogenic species when closely studied have been  found to 
contain one or more genetically diverse cryptic/siblings species. To list just a few: 
Coccidioides immitis vs C. posadasii; Cryptococcus neoformans vs C. gattii; 
Sporothrix schenkii s. str. vs three other species including S. braziliensis, S. luriei,  S. 
globosa are such  examples. The question  is whether the identification of 
sibling/cryptic species is necessary  for diagnosis of the disease in clinical 
laboratories. If not clinically relevant, then identification of the species status is not 
required for diagnosis of the disease. For example, at the time of coccidioidomycosis 
diagnosis, the species differentiation between C. immitis and C. posadasii is not 
important while it is important to differentiate C. neoformans from C. gattii. That  is 
because the underlying risk factors for the disease caused by the two species are 
different and hence  species information would  be helpful for better management of 
patients in the  long run. The two species of cryptococcosis agents are both composed 
of at least four genetically diverse cryptic species/near clades. This  talk  includes an 
overview of cryptococcosis, a review of the differences between the pathobiology of 
the two species and the reasons why  strian typing is important for a  better 
understanding of the disease.  
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Plenary 5 
 


Evolutionary mechanism of fungi associated with insects and nematodes 
Xingzhong Liu 


 
State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, No 3 


Park 1, Beichen West Road, Chaoyang District, Beijing 100101, China 
 
There are numerous fungus-invertebrate associations in nature. The evolutionary 
mechanism of symbiosis between weevil and Penicillium herquei, co-evolution of 
Ophiocordyceps sinensis and ghost moths, and experimental evolution of Hirsutella 
minnesotensis parasitizing on soybean cyst nematode (SCN) are presented as the case 
studies. We have investigated how the female weevils created cradles (leaf-rolls) for 
offspring and protected their fungal garden. The female weevil Euops chinensis 
evolves specialized morphological and behavioral features adapting to inoculate P. 
herquei, and to create cradles for offspring. Whereas the fungus P. herquei produces 
the antibiotic scleroderolide to eliminate other microbial weeds and pathogens 
invasion. The mutualism between E. chinensis and P. herquei differs from that of the 
three well-recognized insect fungiculture systems e.g. attine ants, termites, and 
ambrosia beetles in the leaf roll habitat, non-social nature and the highly evolved 
morphological and behavioral adaptations of the insect, and the production of an 
antibiotic by the symbiotic fungus itself. The association of Chinese caterpillar fungus 
O. sinensis with its host, the ghost moths is endemic to the alpine regions on the 
Tibetan Plateau. Based on the analysis of three insect genes and seven fungal gene 
fragments from 122 samples, we identified that both the fungus and the host insects 
originate from Southern Tibet, then expand to other regions on the Plateau, and 
diversify into multiple phylogenetic lineages. Although cospeciation events were 
identified, cophylogenetic analysis revealed a complex evolutionary relationship 
between the two partners dominated by frequent host shifts and sharing. Serial 
passage experiments are applied to monitor molecular and phenotypic evolution of 
Hirsutella minnesotensis parasitizing on SCN in real time. After continuous infection 
of 10 generations on SCN populations of Dongbei and Shangdong in China, and 
Minnesota in the USA, the average parasitic rate of H. minnesotensis on the adapted 
populations increased 10% respectively. Preliminary genome-wide SNP genotyping 
analysis of H. minnesotensis from10 generations’ adaptation indicates that one of the 
strong variations of SNP loci is found in the G-proteinmediatedsignaltransduction 
which maybe involved in the evolution of parasitism. Overall, different fungus-
invertebrate associations have different evolutionary mechanisms of fungi chemically, 
phylogenetically and genotypically adaptation to their hosts. 
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Plenary 6 
 


The cell biology of hyphal microfluidics 
Gregory Jedd 


 
Temasek Life Sciences Laboratory & Department of Biological Sciences, The National University of 


Singapore, Singapore 
 
Hyphae of filamentous ascomycetes form a mycelial network in which protoplasm 
can stream from cell to cell through septal pores. This unique architecture is central to 
the fungal lifestyle as it allows individual compartments to cooperate to promote rapid 
invasive tip growth and the development of multicellular reproductive structures. 
Translocation of protoplasm co-evolved with mechanisms to gate pores in response to 
physiological and developmental cues. Woronin bodies are complex dense-core 
organelles that maintain integrity of the mycelium by plugging selected septal pores 
when individual hyphae rupture. A second system, based on a cytoplasmic network of 
intrinsically disordered proteins, also performs a gating function, but does so in 
response to physiological and developmental cues. Both of these systems need to 
withstand turgor pressure exerted on closed pores. The talk will focus on how high-
order protein assemblies based on distinct protein biochemistries underly this 
capacity. I will conclude with a discussion of how mycological traits like these 
provide good models for studying the genetic basis of adaptation. 
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Plenary 7 
 


The changing landscape of fungal natural products discovery 
Gerald Bills 


 
Institute of Molecular Medicine, University of Texas Health Science Center at Houston, United States 


 
Natural products (NPs) from fungi continue to provide some of most important 
therapeutic agents and lead compounds in medicine and have contributed 
breakthrough therapies for hyperchlolesterolemia, immunological disorders and 
infectious disease. However, despite the acknowledged value of NPs as diverse and 
unique entry points to pharmaceutical agents, the investment in NP discovery in 
industry and academia has declined over the past 25 years. Technological 
breakthroughs, especially in microbial genomics, have led to a new awareness that NP 
biosynthetic pathways are vastly more diverse and experimentally tractable than 
previously imagined. The new found experimental tractability has led to the 
functional characterization of pathways of many historically important NPs and new 
NPs revealed through genomic mining. This view and other converging technologies 
such as genome-wide target-based screening platforms, metagenomics, improved 
culturing strategies, engineering unnatural NPs via biocombinatorial chemistry, and 
improved mass spectrometry and NMR are changing the approachability of NP drug 
discovery. The question now at hand is what are the possibilities for integrating these 
tools so that NP discovery can effectively reinvent itself to compete with other 
chemical technologies, or once again become a predominate modality for chemical-
biological innovation for drug discovery? The transition in fungal NPs research from 
the formidable and largely extinct pharmaceutical discovery programs to the potential 
of genomic-driven NP discovery will be illustrated by a retrospective examination of 
the origins of the echinocandin family of antifungal drugs employing a post-genomic 
and functional analysis of their biosynthetic pathways and comparative phylogeny of 
their gene clusters.  
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Plenary 8 
 


Fungi in a changing environment 
Lynne Boddy 


 
Cardiff University, Sir Martin Evans Building, Museum Avenue, Cardiff CF10 3AX, UK 


 
Environmental change is not a new phenomenon; the environment of fungi has always 
undergone change. Changes occur at different temporal scales - diurnal, seasonal, 
annual, and over eons, and at different spatial scales – from µm to hundreds of metres, 
for cord- and rhizomorph-forming basidiomycetes. The current geological epoch, 
sometimes called the anthropocene, is often considered to have started in the late 18th 
century when James Watt patented his steam engine. Though man has brought about 
considerable environmental change on a local scale for thousands of years preceding 
this, e.g. by gradual forest clearance for agriculture, the changes during the 
anthropocene are on a global scale. Globally, biodiversity, is threatened by land use 
change, climate change, nitrogen deposition, biotic introductions and CO2, 
decreasingly in that order. The relative importance of these threats, however, varies 
between ecosystems. For example, it has been predicted that land use change is the 
biggest cause of biodiversity loss in tropical forests and the temperate forests of South 
America, while it has having relatively small impact in Arctic and alpine ecosystems, 
and intermediate impact in grasslands and Mediterranean ecosystems. On the other 
hand, climatic warming is expected to be most dramatic at high latitudes and to have 
least effect in the tropics. Nitrogen deposition is greatest in the northern temperate 
zone near large cities, and, perhaps surprisingly, has been suggested to be the biggest 
changer of biodiversity in this region. This is likely to be true not only for biodiversity 
in general but for fungi too. Brief consideration of these aspects will be followed by 
more detailed discussion of effects of climate changes on fungal fruiting phenology, 
community composition and activity. 
 
Keywords: Climate change, phenology, fungal communities 
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Dinner speaker 
 


How to grow mycology into a new era and to unlock the potentials of mycology 
for the world 


Lene Lange 
 


Aalborg University, Denmark 
 


Mycology is right now undergoing fast development in many different areas. In this 
process, fruitful interconnections between the different areas are being grown, as e.g. 
in combining data on meta, macro, micro and molecular level, spanning over ecology, 
epidemiology, physiology, taxonomy, classification and phylogeny, all in all 
strengthening our basis for increased understanding of the biology of fungi and the 
Fungal Kingdom; similarly there is a very encouraging development within increased 
collaboration between mycologists of all continents. It is also very encouraging to see 
that mycology is developing its horizon, now also studying more actively the 
interaction between fungi and other organisms, e.g. with bacteria in the microbiome 
of animals, as co-inhabitants in and with the growing plants, and in being instrumental 
in biomass conversion in nature. This over all, rich and fruitful development is 
occurring at the same time as it becomes very apparent that Mycology, in all its 
scientific and applied broadness has more to give to society at large than ever before: 
Fungi and fungal interactions with their plant and animal hosts; fungi as production 
hosts or producers of proteins and metabolites of importance for global health and 
increased resource efficiency; and most importantly fungi being an important element 
of food security and food safety. The presentation will exemplify these extremely 
important roles of fungi for a more sustainable global future and illustrate how all the 
mycological disciplines are important for and contributing to this development. The 
take home message is that we should use this opportunity well, to attract attention to 
the potentials and importance of fungi and mycology and hereby improve also the 
basis globally for generating funding to unlock the full potentials of mycology.  
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Metabolic shifts in the TCA/glyoxylate cycles and programmed cell death 
Liat Oren, Maayan Israeli, Amir Sharon* 


 
Department of Molecular Biology and ecology of Plants, Tel Aviv University, Tel Aviv, 69978, Israel 


 
Cell metabolic activities and cell fate are tightly connected. For example, oxidation and 
glucose metabolism are well-known mediators of cell survival on one hand, and 
programmed cell death on the other. Alongside, organelles in which metabolic processes 
take place, such as mitochondria and ER, represent junctions of “cell fate decisions”. We 
conducted a screen of Botrytis cinerea cDNA library, attempting to identify fungal 
proteins that interact with the human anti-apoptotic protein Bcl-2. This protein, when 
expressed in fungi, confers elevated resistance to unfavorable conditions such as oxidative 
and high temperature stress, as well as developmental changes, such as longevity and 
changes in mycelia and spore formation. These changes are remarkable, particularly when 
considering that fungi lack homologues of Bcl-2. Several B. cinerea proteins were found, 
which interacted with the Bcl-2 protein. One of these proteins was isocitrate lyase 
(BcIcl1), the first enzyme of the glyoxylate pathway. A connection between carbohydrate 
catabolism in the citric acid/glyoxylate pathways and cell fate has been suggested, 
however details or mechanism are unclear. We generated B. cinerea mutant strains (BcIcl1 
deletion and over expression) and characterized their phenotypes with emphasis on 
possible changes in cell death under different environments and nutritional conditions. The 
results of these analyses will be presented and discussed together with data from other 
systems. 
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A protein appearing at the cell-to-cell channel and stress granules under stress 
conditions 


Jun-ichi Maruyama 
 


The University of Tokyo, Japan 
 


      Filamentous fungi grow by extending and compartmentalizing hyphae into 
individual cells, a morphological feature that increases the possibility that hyphae 
differentially encounter environmental stresses. However, the underlying cellular and 
molecular mechanisms have not extensively been elucidated. Recently, we have found 
a stress-responsive behavior of the protein AoSO, an Aspergillus oryzae homolog of 
Neurospora SO and Sordaria Pro40 that are required for sexual development and 
hyphal fusion. AoSO accumulates at the septal pore under various stresses1). The 
protein also accumulates at the septal pore adjacent to wounded cells: AoSO is 
involved in the function to prevent the excessive loss of cytoplasm, similar to the 
wound-healing organelle Woronin body. This evidence gives the possibility that AoSO 
might regulate intercellular connectivity via the septal pore in response to stresses. 
Furthermore, AoSO accumulates as cytoplasmic foci at hyphal tips in response to 
stresses2). The localization overlaps with stress granules, which are composed of non-
translating messenger ribonucleoproteins (mRNPs). Thus, AoSO is a novel 
component of stress granules, and it may affect posttranscriptional regulation of gene 
expression at the hyphal tip. These findings propose that AoSO may have multiple 
functions for the adaptation to various stresses in a spatially specific manner. 
 
1)Maruyama et al. (2010) Biochem. Biophys. Res. Commun. 391, 868-873. 
1)Huang et al. (2013) PLoS ONE 8, e72209. 
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Complexes, Max-von-Laue-Str. 9, 60438 Frankfurt, Germany 
 


Podospora anserina is a filamentous ascomycete with a limited lifespan. Lifespan is 
controlled by genetic, environmental and stochastic traits. In the past, a paramount 
role of mitochondria in the aging of this system accumulated. Various genetic 
manipulations improving the quality of this semiautonomous organelle were 
previously demonstrated to result in lifespan extension. Such manipulations are linked 
to different molecular pathways including those active in the stabilization of the 
mitochondrial DNA or involved in the control of proteostasis, mitochondrial 
dynamics, autophagy, and apoptosis as the last step in the life cycle of P. anserina. A 
key component in the induction of apoptosis appears to be cyclophilin D (CypD), a 
mitochondrial peptidylprolylcis, transisomerase, which previously was demonstrated 
to be linked to aging and lifespan control (1,2). In a recent study, a series of events 
were observed by electron cryotomography to occur in mitochondria during aging 
leading to a reorganization of the inner mitochondrial membrane. From these data a 
model was generated that explains the age-related induction of apoptosis (Daum et al. 
2013). 
 
References: 
(1) Brust D et al. (2010) Aging Cell 9: 761-775 
(2) Groebe K et al. (2007) ExpGerontol 42: 887-898 
(3) Daum B et al. (2013) PNAS 110: 15301-15306 
 
Acknowledgements: We would like to thank the German Research Foundation (Cluster of Excellence 
Macromolecular Complexes) and the LOEWE excellence initiative of the State Hesse (Integrative 
Fungal Research) for support. 
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Organization of the secretory apparatus in Neurospora crassa 
Riquelme, M.1*, Sánchez-León, E.1, Bowman, B.2, Seidel, C.3, and Fischer, R.3 


 
1Department of Microbiology, Center for Scientific Research and Higher Education of Ensenada 


(CICESE). Ensenada, Baja California, Mexico  


2Department of Molecular, Cell and Developmental Biology, University of California, Santa Cruz, 
California, USA  


3Department of Applied Microbiology, Karlsruhe Institute of Technology, Karlsruhe, Germany 
 
Fungal hyphae extend by apical growth, a process that involves the polarized traffic of 
secretory vesicles to the apex, where they accumulate before fusing with the plasma 
membrane, to provide all the enzymes and material needed for cell wall expansion. 
Neurospora crassa hyphae exhibit at their apex a prominent Spitzenkörper (SPK), 
composed primarily of vesicles carrying the biosynthetic nanomachines for the 
fibrillar components of the cell wall. Microvesicles containing chitin synthases 
(chitosomes) concentrate at the core of the SPK, whereas macrovesicles with glucan 
synthase activity occupy the outer layer. Our current goal is to characterize the 
secretory pathways that are involved in the biogenesis and traffic of these vesicular 
carriers. Small Rab GTPases in their active GTP-bound state interact with the 
membrane of the vesicles and promote the association with tethering factors before 
the subsequent vesicle fusion with an accepting membrane. Co-expression of 
fluorescently tagged Rab GTPases showed that YPT-1 (Rab1) was confined to the 
SPK microvesicular (chitosomal) core, while SEC-4 (Rab8) and YPT-3 (Rab11) 
occupied the SPK peripheral macrovesicular layer. Further analysis using the early 
Golgi markers USO-1 (p115) and VRG-4, the late Golgi marker VPS-52 and the ER-
to-Golgi inhibitory drug brefeldin A, indicated that a population of YPT-1, 
independent of the SPK, associates with early and late Golgi cisternae. In addition, 
this population of Golgi-associated YPT-1 did not co-localize with the early 
endosomal marker YPT-52 (Rab5). These analyses demonstrate that the highly 
organized arrival, accumulation, and departure of micro and macrovesicles at the SPK 
involve the participation of distinct Rabs. 
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Endosomes transport cellular macromolecules such as lipids and proteins that mainly 
receive their cargo from other membrane compartments. Particularly in highly 
polarised cells like neurons and fungal hyphae, endosomes shuttle along microtubules 
and carry out sophisticated functions in long-distance transport. Evidence is 
accumulating that these membranous carriers also transport mRNAs as 
unconventional cargo. However, little is known about the precise molecular function 
of this endosomal mRNA transport. Here, we present data on a novel cell biological 
mechanism: endosome-coupled translation functions during loading of endosome with 
protein cargo. 
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Evolution of division site positioning mechanisms within the fission yeast clade 
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Germany 
 
Polarity establishment and maintenance is an essential process conserved in all 


kingdoms and very obvious in filamentous fungi like A. nidulans. The cell needs a 
orchestrated polarization machinery to initiate and sustain a highly polarized structure 
such as a hypha. The microtubule and the actin cytoskeleton along with microtubule 
associated proteins (MAP’s) such as microtubule plus-end tracking proteins (+TIP’s) 
play key roles in establishing and maintaining an internal polarity axis. In addition, 
microtubules define the site of actin polymerization through the delivery of cell end 
marker proteins (1). 


Here we describe MigA (Microtubule guiding protein A) from A. nidulans, 
which is the first functional orthologue of the human tumor suppressor adenomatous-
polyposis-coli (APC) protein in filamentous fungi. APC is an essential regulator of 
radial glial polarity and construction of the cerebral cortex in mice (2). Furthermore it 
regulates axon arborization and cytoskeleton organization. MigA interacts with the 
membrane associated ApsA protein and is involved in spindle positioning during 
mitosis. Since MigA is related to the yeast Kar9, this function is conserved in 
comparison to Saccharomyces cerevisiae. Moreover, MigA is also associated with 
septal and nuclear microtubule organizing centers (MTOC’s) and localizes in an EbA-
dependent manner to assembling and retracting microtubule plus-ends. This 
characteristic classifies MigA as a +TIP. A. nidulans MigA forms a homodimer and is 
able to bind filamentous α-tubulin autonomously. In contrast to Kar9, MigA has 
another unexpected function. It is required for microtubule convergence and correct 
localization of the cell end markers TeaR and TeaA at the hyphal tip. MigA also 
interacts with the class V myosin MyoV (3). Taken together we propose an active 
Actin-MyoV-MigA-dependent guidance mechanism of microtubules in the hyphal tip, 
which we named MigA-pathway. Hence, actin and microtubule organization depend 
on each other. 


 
(1) Fischer et al. (2008). Polarized growth in fungi--interplay between the cytoskeleton, positional 
markers and membrane domains. Mol Microbiol. 68:813-26 
(2) Yokota et al. (2009). The Adenomatous Polyposis Coli (APC) Protein is an Essential Regulator of 
Radial Glial Polarity and Construction of the Cerebral Cortex. Neuron. 61(1): 42–56. 
(3) Taheri-Talesh et al. (2012). The functions of myosin II and myosin V homologs in tip growth and 
septation in Aspergillus nidulans. PLoS One 7(2): e31218. 
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The small Rho-type GTPases Cdc42 and Rac1 are key regulatory molecules that 
control cell polarisation and cell fusion in eukaryotes. However, which functions of 
these two Rho GTPases are common and which are distinct is still poorly understood. 
Spore germlings of the filamentous fungus Neurospora crassa are a useful model 
system in which to analyse this problem. This is because they produce two 
functionally distinct cellular protrusions: germ tubes and conidial anastomosis tubes 
(CATs), which exhibit negative and positive chemotropisms, respectively. We have 
used N. crassa to identify different functions of CDC-42 and RAC-1 in processes that 
control cellular polarisation and chemotropism. We show that whereas CDC-42 is 
both necessary and sufficient for normal germ-tube growth, RAC-1 is essential (but 
not sufficient) for cell fusion and the formation of CATs. RAC-1 and CDC-42 are 
therefore not functionally interchangeable. We next generated Cdc42-Rac-interactive-
binding (CRIB)-GFP reporters to differentiate between populations of inactive GDP-
bound and active GTP-bound GTPases. Together with custom-designed automated 
tip-tracking image analysis software, we demonstrate that repositioning of clusters of 
locally activated GTPases within the tip apices of germ tubes and CATs regulates 
future growth direction. These data show that CDC-42 and RAC-1 in N. crassa have 
evolved to control opposite cell chemotropisms resulting in hyphal avoidance and 
cell–cell fusion, respectively. 
 
Reference 
Lichius A, Goryachev AB, Fricker MD, Obara B, Castro-Longoria E, Read ND (2014) CDC-42 and 
RAC-1 regulate opposite tropisms in Neurospora crassa. J Cell Sci 127: 1953-1965 
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Contact-induced asymmetry drives the thigmotropic responses of Candida 
albicans hyphae 


Alexandra C. Brand*, Darren Thomson, Silvia Wehmeier 
 


Institute of Medical Sciences, University of Aberdeen, UK 
 


Fungal pathogens of plants and humans colonise their hosts as rounded yeasts or 
spores, from which exploratory hyphae emerge to locate host penetration sites. Some 
plant pathogens identify such sites through thigmotropic, or contact-dependent, 
recognition of specific topographical features of the host surface, such as the guard-
cells of stoma. We have shown in vitro that hyphae of the human pathogen, Candida 
albicans, also respond to topographical cues and re-orient their growth direction on 
contact with obstacles less than half their height. To investigate how C. albicans 
hyphae sense such small features, we imaged hyphae as they explored a variety of 
shaped features in a nanofabricated chamber. We observed that the tips of hyphae 
grow with an asymmetrical, ‘nose-down’ morphology in the vertical plane when 
adhered to a surface. The apical distribution of fluorescently-labelled polarity proteins 
was similarly skewed towards the substrate. When the tip encountered a new obstacle, 
the Spitzenkörper localized towards the site of contact in the horizontal plane and 
stably maintained this bias during growth. Asymmetrical hyphae followed the 
contours of curved obstacles and grew into gaps, while those with a centrally-
positioned Spitzenkörper did not. The maximum force applied by hyphal tips against 
an obstacle was calculated to be sufficient to penetrate the plasma-membrane of host 
cells. Only when this force was exerted against an obstacle for an extended period (up 
to 18 minutes) did tip re-orientation occur. These results suggest that C. albicans, as 
an invasive human pathogen, finely-tuned to re-orient its direction of growth only 
when the resistance it encounters exceeds that of a host cell membrane. 
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Tropic growth and fusion 
André Fleißner 


 
Technische Universitaet Braunschweig, Germany 


 
Germinating vegetative spores of Neurospora crassa mutually attract each 


other and fuse, thereby forming a cellular network, which further develops into the 
mycelial colony. The process of germling fusion therefore provides an experimentally 
amenable system for studying the molecular basis of cell-cell communication, 
directed growth and cell-cell fusion in eukaryotic systems. 


Genetic analysis combined with live-cell imaging revealed an unusual mode of 
communication during the interaction of fusing germlings. The two fusion partners 
appear to switch between signal sending and receiving thereby establishing a kind of 
“cell-cell dialog”. On the molecular level, this interaction involves the alternating 
recruitment of the MAK-2 MAP kinase module and the SO protein to the plasma 
membrane. Our further analysis showed that the composition of the plasma membrane 
is critical for a proper cell-cell interaction. Mutants accumulating ergosterol 
precursors with specific structural features are deficient in the cell-cell interaction, 
particularly in the processes after cell-cell contact. While the membrane recruitment 
of MAK-2 is mostly unaffected in these strains, SO strongly mislocalizes. SO appears 
to interact with another MAP kinase module, the MAK-1 pathway. In wild type, 
MAK-1 is recruited to the fusion point after cell-cell contact, but fails to accumulate 
in the sterol mutants. Interestingly, inhibition of MAK-1 in a chemical genetics 
approach reproduces the phenotype of the sterol mutants. 


In addition we could identify a further interaction partner of SO, which is 
dispensable for cell-cell communication and fusion, but is recruited to the fusion 
point, when plasma membrane merger fails and cells lyse. Inactivation of this factor 
in a lysis-prone mutant even increases the tendency of fusion pairs to disintegrate. 
Interestingly enough, this factor in turn appears to interact with potential targets of the 
MAK-1 MAP kinase pathway. 


Together out data suggest the presence of an intricate signaling network 
controlling and linking cell-cell communication, plasma membrane fusion and repair. 
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In filamentous fungi, fusion between genetically identical cells is a highly 


regulated process associated with early colony establishment and network formation. 
In Neurospora crassa, cell fusionis regulated by components of a MAP kinase 
cascade, NRC1, MEK2, MAK2 and a Ste12-like transcription factor, PP1. 
Chemotropic interactions are associated with co-oscillation of MAK2, MEK2 and 
NRC1 from the cytoplasm to cell tips. By utilizing phosphoproteomics and profiling 
approaches, we identified a scaffold protein (HAM5) for MAK2, MEK2 and NRC1, 
which is required for formation of the oscillation complex.  


By using population genomics and genome-wide association studies (GWAS) 
on 112 wild isolates of N. crassa, we identified new components associated with 
secretion that regulate chemotropic interactions and communication during fusion 
between genetically identical germlings. However, using this same population, we 
determined that chemotropic interactions between genetically non-identical cells was 
associated with three communication groups (CGs). By bulked segregant analysis and 
high throughput sequencing, we identified two polymorphic genes (doc-1 and doc-2), 
which encode proteins with predicted transmembrane domains that are associated 
with CG phenotype. Localization of DOC1 during chemotropic interactions showed 
co-oscillation with the HAM5/MAK2/MEK2/NRC cell fusion complex. These data 
indicate that self and nonself interactions during germling fusion are linked and that 
an interplay between these two systems is important in the regulation of chemotropic 
interactions and cell fusion. 
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The blast fungus, Magnaporthe oryzae, is a hemibiotroph that utilizes 


appressoria to breach the host cuticle. Abc3-mediated transport of a digoxin-like 
steroidal glycoside (ATS) is essential for the host penetration step of Magnaporthe 
pathogenesis. ATS functions in regulating ion-homeostasis across appressorial plasma 
membrane and subsequently acts as an elicitor of the host defense response during the 
biotrophic phase of rice blast.  
 Recently, we identified an Antibiotic Monooxygenase (ABM) as a 
Cytochrome P450-related function essential for Magnaporthe pathogenesis. The ABM 
locus forms part of the ABC3 gene cluster. ABM is essential for suppressing the 
hypersensitive response in the invaded host cells and plays an important role in 
biotrophy to necrotrophy transition. Furthermore, such monooxygenase activity is 
directly involved in inactivating the plant hormone(s) involved in the host defense 
response against Magnaporthe. Thus, the blast fungus directly interferes with 
hormonal signaling involved in pathogen recognition and defense system in rice. 
Interestingly, such regulation does not occur during Magnaporthe-Barley interaction. 
Preliminary results suggest the involvement of ABM in biosynthesis of a novel 
chemical effector that is secreted into the host cells to dampen Jasmonate signaling 
during biotrophy. Our data support a highly specific and intricate chemical 
communication between Magnaporthe and rice during the initiation of blast disease. 
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The velvet family of regulatory proteins plays a key role in coordinating secondary 
metabolism and differentiation processes as asexual or sexual sporulation and 
sclerotia or fruiting body formation. Secondary metabolism and differentiation are 
correlated processes in fungi that respond to different habitats. In the soil the model 
fungus Aspergillus nidulans produces primarily closed sexual fruiting bodies together 
with a specific secondary metabolism, whereas at the surface asexual conidia are 
preferentially produced which are released into the air. The velvet family is located at 
the interface between secondary metabolism and development and shares a protein 
domain that is present in most parts of the fungal kingdom from chytrids to 
basidiomycetes and is similar to the mammalian rel domain in regulators as NF-
kappa-B. The structure of this domain will be discussed. The heterotrimeric velvet 
complex VelB/VeA/LaeA which includes the velvet domain proteins VelB and VeA 
are required for the link between secondary metabolism and developmental programs. 
Several signalling pathways target the velvet protein VeA. The current state of the 
work in the laboratory will be presented. 
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Coupling of host and symbiont reproductive success often transforms interspecific 
associations into mutualisms.  However, the mechanisms that align partner 
reproductive interests in heritable mutualisms are not understood.  In the symbiosis 
between Rhizopus microsporus (Mucoromycotina) and Burkholderia rhizoxinica 
(beta-proteobacteria), we established that endobacteria control host sexuality by 
regulating expression of its ras2 gene, which encodes a small GTPase central to 
reproductive development in fungi.  The endosymbiont control over host sexuality 
enabled us to identify three genes encoding class C G-protein coupled receptors 
(GPCRs) likely involved in perception of trisporic acids, mating pheromones unique 
to Mucoromycotina.  These GPCRs are not found in Ascomycota and Basidiomycota 
but they are related to animal GPCRs that sense retinoic acid, a molecule similar to 
trisporic acid.  Finally, we found that only few genes are core to sexuality of all 
terrestrial fungi, whereas many are co-opted from other pathways, with reproductive 
genes of Mucoromycotina being more closely related to those of Basidiomycota than 
Ascomycota. 
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Active bacteria are potent competitors to fungi in natural environments. Thus a 
sudden local disappearance of nutrients combined with the appearance of bacterial 
MAMPs (Microbial Associated Molecular Patterns) are most likely the first cues a 
fungus have of a bacterial challenge. Elicited Fusarium graminearum mycelia 
responds to MAMPs challenges within 4 hours showing physiological responses that 
has similarities to both plant and animal responses, like increased mitochondrial 
activity, a pH drop in the surrounding medium and increased cytoplasmic Ca. Using 
RNA-seq we find that many genes upregulated in response to the bacterial cues are 
mainly situated within the so called non-conserved chromosome regions (with very 
low synteny conservation between species) where genes regulated under changing 
environmental conditions are preferentially situated (Zhao et al. 2014). Genes 
responding to bacterial cues in F. graminearum are mainly genes involved in stress 
coping, efflux/influx of compounds, membrane integrity, cell wall integrity and 
secondary metabolism but also many genes for potential antimicrobial peptides 
(AMPs). The potential AMPs are highly expressed and expression increases with 
treatment time. Most of the potential AMPs lack signal peptides but have 
characteristics of peptides entering the secretory autophagy pathway for non-
conventional peptide secretion activated during animal inflammation responses. 
Interestingly, we detect signs of an expressional increase of genes involved in 
secretory autophagy with treatment time and with the presence of MAMPs, indicating 
increased secretory autophagy activity. In conclusion the studied fungus shows 
evidence of a fungal version of an innate immunity like response. 
 
Zhao et al. (2014). Relocation of genes generates non-conserved chromosomal segments in Fusarium 
graminearum that show distinct and co-regulated gene expression patterns. BMC Genomics 15:191. 
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Being present in the rhizosphere and in plant tissues as obligate symbionts, 
Arbuscular Mycorrhizal fungi (AMF) are important members of the plant microbiota. 
By using a combination of molecular, phylogenetic and cellular analysis we revealed 
that many of them possess endobacteria thriving inside their cytoplasm. While a rod-
shaped Gram-negative Candidatus Glomeribacter gigasporarum, is limited in 
distribution to members of the Gigasporaceae family, coccoid Mollicutes-related 
endobacteria, Mre, are widely distributed across different lineages of AMF. In 
addition the two typologies may coexist in several strains of Gigasporaceae, creating a 
complex intracellular microbiota. The genome sequencing of C. Glomeribacter 
gigasporarum has revealed a strong genome reduction when compared to the free-
living related taxa: the endobacterium depends on its host for carbon, phosphorus and 
nitrogen supply; it also expresses type III secretion systems and contains genes 
encoding vitamin B12, which may contribute to the fungal host’s ecological fitness. 
To understand the impact of the bacterium on the fungus, a cured line of the fungus 
Gigaspora margarita was created, where an important decrease on the spore number 
production has been observed. Due to the limited number of genomic data on AM 
fungi, which at the moment are limited to Rhizophagus irregularis, a transcriptomic 
RNA-seq analysis has been performed to get a gene catalogue for G. margarita, and 
to compare its transcriptomic profile with and without endobacteria. The impact of the 
endobacteria seems to be more effective on the pre-symbiotic phases of the fungus, 
where KEGG pathways related to membrane components, signalling and ROS 
metabolism resulted particularly enriched. The two fungal lines differentially 
responded to strigolactone, the plant hormone that plays a crucial role in mycorrhizal 
establishment. Our experiments demonstrate that this tripartite (plant-AM fungus-
endobacteria) symbiosis unravels a complex network of interdomain interactions, 
which are expected to have a previously unrecognized ecological impact. 
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Black truffles are ascomycete fungi forming hypogeous fruiting bodies highly renown 
for their delicate taste. These fruiting bodies are intensely colonized by complex 
bacterial communities, with densities reaching up to a million of bacteria per gram of 
truffle. The composition and structure of these communities are dynamic and evolve 
during the maturation of the ascocarps with an enrichment of specific taxa and a 
differentiation of the gleba and peridium-associated bacterial communities (Babu et 
al. 2013). Bacterial communities, which differ from those of the fruiting bodies, also 
establish in ectomycorrhizae – the symbiotic organ between the fungus and tree roots. 
These specificities as well as the peculiar year round life cycle of the fungus make 
truffles a fascinating model to test ecology questions on fungal-bacterial interactions. 
In the present study, we asked two questions: (i). what are the factors driving bacterial 
community structure in black truffle? (ii). What is the relative influence of bacteria on 
the life cycle of the fungus and especially on the formation and maturation of the 
fruiting bodies? More specifically, we tested the existence of potential nutritional 
exchanges between bacteria and fungi and the role of bacteria in the formation of the 
truffle aroma. To achieve these goals, we combined metagenomic and 
metatranscriptomic analyses of the bacterial communities along the life cycle of the 
fungus with analyses of volatile profiles of truffles and functional characterization of 
cultivable truffle associated bacterial strains. 
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Chitin is an essential polysaccharide of the walls of all fungal pathogens and the 
exoskeleton and eggs of invertebrate parasites. We identify NOD2, TLR9 and the 
mannose receptor as three essential fungal chitin-recognition receptors of innate 
immune cells and show that the activation of NOD2/TLR9 receptors by low 
concentrations of small chitin particles, generated via the action of human chitinases, 
leads to selective secretion of the anti-inflammatory cytokine IL-10. In contrast, 
higher concentrations of chitin particles promoted a pro-inflammatory response via 
dectin-1-TLR2 signalling. NOD2 and TLR9 polymorphisms are associated with 
susceptibility to inflammatory conditions such as Crohn’s disease, allergy and asthma. 
Chitin therefore promotes size-dependent anti- and pro-inflammatory immune 
responses that are critical for immune homeostasis, but can also promote the 
development of asthma and allergy. 
 
References: 
Lenardon, et al. (2010).Chitin synthesis and fungal pathogenesis.Current Opinion in Microbiology13, 


416–423. 
Mora-Montes, et al. (2011).Recognition and blocking of innate immunity cellsby Candida albicans 


chitin.  Infection and Immunity79, 1961-1970. 
Lee, et al (2012). Elevated cell wall chitin in Candida albicans confers echinocandin resistance in vivo. 


Antimicrobial Agents and Chemotherapy.56, 208–217. 
Wagener, J., Malireddi, S. R.K, Lenardon, M.D., Kӧberle, M., Vautier, S., MacCallum, D.M., 


Biedermann, T., Schaller, M, Netea, M.G., Kanneganti, T-D., Brown, G.B., Brown, A.J.P. & 
Gow, N.A.R. (2014). Fungal chitin dampens inflammation through NOD2 and TLR9 
activation. PLoS Pathogens10(4): e1004050. doi:10.1371 
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Chitin is an important structural polysaccharide of fungi. In the polymorphic human 
pathogen Candida albicans chitin is found in the cell walls, as a ring at bud-neck, and 
primary septum of the cross wall. C. albicans has four chitin synthases Chs1, Chs2, 
Chs3, and Chs8. The roles of Chs1 and Chs3 have been investigated in detail, 
however the function of the two class I enzymes Chs1 and Chs8 is less clear, although 
they are responsible for the majority of the measurable chitin synthase activity in 
vitro. Inactivation both CHS2 and CHS8 resulted in a reduction of the enzyme activity 
to less than 5% of wild type. We show here that Chs2-YFP and Chs8-YFP localise to 
septation sites and to hyphal tips and are required for the maintenance of the integrity 
of the hyphal tips since class I mutants are lysis-prone (Preechasuth et al., 2014 
(submitted)). The chs2∆/chs3∆ mutant demonstrated more hyphal cell wall lysis than 
single chs mutants. We also show that phosphorylation of Chs2 on S222 and specific 
cell wall stresses independently regulate the amount of Chs2 that is localised to 
specific sites in cells, thus suggesting that these class I enzymes in provide protection 
to cells during cell wall stress. Therefore class I chitin synthases of C. albicans are 
important in promoting and maintaining cell integrity during polarized growth in 
yeast and hyphal cells, and in maintaining hyphal tip integrity. 
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Chitin is a major component of fungal cell wall and is synthesized by chitin synthases 
(Chs). We functionally characterized all seven CHS genes in the rice blast fungus 
Magnaporthe oryzae. Three of them, CHS1, CHS6, and CHS7, were important for 
plant infection. While the chs6 mutant was non-pathogenic, the chs1 and chs7 mutants 
were significantly reduced in virulence. CHS1 plays a specific role in conidiogenesis, 
and most of chs1 conidia had no septum and spore tip mucilage. The chs6 mutant was 
reduced in hyphal growth and conidiation, and failed to penetrate and grow invasively 
in plant cells. CHS7 has a unique function in appressorium formation, and the chs7 
mutant also was defective in appressorium penetration and invasive growth. So, 
individual CHS genes play diverse roles in hyphal growth, conidiogenesis, 
appressorium development, and pathogenesis in M. oryzae. Recently, the effector 
protein Slp1 was shown to sequester chitin oligosaccharides to avoid their recognition 
by the rice chitin elicitor binding protein CEBiP and induction of innate immune 
responses including ROS production. We found that Slp1 has three N-glycosylation 
sites and that simultaneous α-1,3-mannosyltransferase Alg3-mediated N-glycosylation 
of each site is required to maintain protein stability and chitin-binding activity of 
Slp1, which are essential for its effector function. Therefore, Alg3-mediated N-
glycosylation of Slp1 is important to protect chitin and evade host innate immunity in 
M. oryzae.  
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Cells of the budding yeast Saccharomyces cerevisiae have an oval shape, 


surrounded by the cell wall formed during vegetative cell growth. Dynamic 
remodeling of the yeast cell wall occurs during the cell cycle and is coordinated 
during cell morphogenetic events, including bud emergence, apical bud growth, 
isotropic bud growth, and cell division. The fact that the different types of yeast cell 
wall components are interconnected suggests that the disruption of individual cell 
wall biosynthetic pathways would result in similar morphological phenotypes. 
Alternatively, the contribution of different components to cell morphology may differ 
because the physical strength and flexibility of the filamentous and nonfilamentous 
components vary.  


To thoroughly understand the involvement of the yeast cell wall in 
morphogenesis, we used the image analysis software CalMorph1 to quantitatively 
analyze cell morphology after treatment with drugs that inhibit different processes 
during cell wall synthesis 2. Cells treated with cell wall–affecting drugs exhibited 
broader necks and increased morphological variation. Tunicamycin, which inhibits 
the initial step of N-glycosylation of cell wall mannoproteins, induced morphologies 
similar to those of strains defective in α-mannosylation. The chitin synthase inhibitor 
nikkomycin Z induced morphological changes similar to those of mutants defective in 
chitin transglycosylase, possibly due to the critical role of chitin in anchoring the β-
glucan network. To define the mode of action of echinocandin B, a 1, 3-β-glucan 
synthase inhibitor, we compared the morphology it induced with mutants of Fks1 that 
contains the catalytic domain for 1, 3-β-glucan synthesis. Echinocandin B exerted 
morphological effects similar to those observed in some fks1 mutants, with defects in 
cell polarity and reduced glucan synthesis activity, suggesting that echinocandin B 
affects not only 1, 3-β-glucan synthesis, but also another functional domain. Thus our 
multivariate analyses reveal discrete functions of cell wall components and increase 
our understanding of the pharmacology of antifungal drugs. 


 
References 
1. Ohya, Y., Sese, J., Yukawa, M., Sano, F., Nakatani, Y., Saito, T.L., Saka, A., Fukuda, T., Ishihara, 


S., Oka, S., Suzuki, G., Watanabe, M., Hirata, A., Ohtani, M., Sawai, H., Fraysse, N., Latge, J.P., 
Francois, J.M., Aebi, M., Tanaka, S., Muramatsu, S., Araki, H., Sonoike, K., Nogami, S., and 
Morishita, S. (2005) High-dimensional and large-scale phenotyping of yeast mutants. 
ProcNatlAcadSci USA102, 19015-19020. 


2. Okada, H., Ohnuki, S., Roncero, C., Konopka, J. B., and Ohya, Y. (2014) Distinct roles of cell 
wall biogenesis in yeast morphogenesis as revealed by multivariate analysis of high-dimensional 
morphometric data. Mol. Biol. Cell 25, 222–233. 
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The forcibly ejected spores of ascomycete fungi must penetrate several millimeters of 
nearly still air surrounding sporocarps to reach dispersive airflows, and escape is 
facilitated when a spore is launched with large velocity. To launch, the spores of 
thousands of species are ejected through an apical ring, a small elastic pore. The 
startling diversity of apical ring and spore shapes and dimensions make them favored 
characters for both species descriptions and the subsequent inference of relationships 
among species. However, the physical constraints shaping this diversity and the 
adaptive benefits of specific morphologies are not understood. I will discuss an 
elastohydrodynamic theory of the spore’s ejection through the apical ring and 
demonstrate that to avoid enormous energy losses during spore ejection, the four 
principal morphological dimensions of spore and apical ring must cluster within a 
nonlinear one-dimensional subspace. I will present a comparison of the prediction 
using morphological data for 45 fungal species from two different classes and 18 
families. Our sampling encompasses multiple loss and gain events and potentially 
independent origins of this spore ejection mechanism. Although the individual 
dimensions of the spore and apical ring are only weakly correlated with each other, 
they collapse into the predicted subspace with high accuracy. The launch velocity 
appears to be within 2 per cent of the optimum for over 90 per cent of all forcibly 
ejected species. Although the morphological diversity of apical rings and spores 
appears startlingly diverse, a simple principle can be used to organize it. I will 
conclude with the implications of these results for the molecular mechanisms 
implementing forcible spore ejection. 
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Fungi utilize spore production as a mean to rapidly avoid unfavorable environmental 
conditions and to amplify their population. Spores are produced sexually and 
asexually and their production is precisely controlled. Upstream developmental 
activators consist of fluffy genes have been known to orchestrate early induction of 
condiogenesis in a model filamentous fungus Aspergillus nidulans. To understand the 
molecular mechanisms underlying conidiogenesis in F. graminearum, we 
characterized functions of the F. graminearum fluffy gene homologs. We found that 
FlbD is conserved regulatory function for conidiogenesis in both A. nidulans and F. 
graminearum among five fluffy gene homologs. flbD deletion abolished conidia and 
perithecia production, suggesting that FlbD have global roles in hyphal differentiation 
processes in F. graminearum. We also identified and functionally characterized the 
AbaA ortholog which has known to be absent in F. graminearum. Deletion of AbaA 
did not affect vegetative growth, sexual development, and virulence, but conidia 
production was completely abolished and thin hyphae grew from abnormal-shaped 
phialides in AbaA deletion mutants. Conserved roles of FlbD and AbaA orthologs 
between A. nidulans and F. graminearum give a new insight into genetics of 
conidiation in filamentous fungi. 
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Emerging diseases caused by fungi are a constant threat. Exobasidium fruit and leaf 
spot of blueberry, caused by Exobasidium maculosum, has rapidly increased in 
incidence in the southeastern USA. To understand the genetic basis of disease 
emergence we sequenced three gene regions and conducted reduced representation 
genome sequencing (RADseq) on a set of 96 diverse isolates. Extremely high genetic 
diversity and recombination were observed for the combined loci (hd = 1.0, π  = 0.029, 
Rmin = 43). Significant genetic divergence (Snn = 1.00, p < 0.001) was detected 
between E. maculosum in the southeastern USA and a closely related population in 
the northeastern USA on lowbush blueberry. Further, a total of 691 SNPs among 189 
loci were found between isolates from the northeastern and southeastern USA 
providing additional support for extensive genetic diversity and the existence of two 
unique species that diverged due to geographic isolation or host specialization. E. 
maculosum from the southeastern USA is a panmictic population and is not 
genetically differentiated based on blueberry host species or host tissue type. The high 
diversity indicates that the population is evolutionarily old, therefore, the increase in 
incidence is not a result of increased aggressiveness or a recent host switch. We 
hypothesize that an environmental change is responsible for the recent emergence of 
this disease. Possible mechanisms driving genetic diversity in E. maculosum will be 
discussed. 
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A fungal biotrophic lifestyle has been associated with a reduction of the potential for 
production of secondary metabolites (SMs), which are in many cases toxic on the host 
plants. Analysis of the genome of Cladosporium fulvum, a biotrophic fungal pathogen 
that causes leaf mould of tomato, challenged this correlation. Indeed, C. fulvum shows 
a high potential for SM production, including compounds toxic on plants such as 
elsinochrome, with 23 core genes (10 PKSs, 10 NRPSs, 2 hybrid PKS-NRPSs and 1 
DMATS) [1]. However, we showed that only two core genes, PKS6 and NPS9, show 
high expression in planta, but both are significantly down regulated during 
colonization of the mesophyll tissue [2]. This result suggests that down-regulation and 
low expression of SM biosynthetic pathways is another mechanism associated with 
biotrophy. Functional analysis of PKS6 has now confirmed this hypothesis. 
Comparative genomics of C. fulvum biosynthetic pathways identified two gene 
clusters (PKS1 and PKS6) that are conserved across Pezizomycotina. PKS1 belongs to 
the elsinochrome gene cluster characterized in Elsinoe fawcettii and PKS6 to the 
endocrocin/monodictyphenone gene cluster characterized in Aspergillus species. We 
are using several complementary approaches in order to determine SMs produced by 
these pathways in C. fulvum: i) deletion mutants; ii) over-expression of local 
transcription factors; iii) heterologous expression in Aspergillus oryzae. We are also 
determining the evolutionary history of both gene clusters in Pezizomycotina. 
Altogether, our recent studies suggest that some well-studied biosynthetic pathways 
might be conserved and ancestral, but the final compounds are diverse with different 
biological activities. 
 
[1] de Wit PJ, van der Burgt A, Ökmen B, Stergiopoulos I, Abd-Elsalam KA, et al., 2012. 
PLoS Genetics. 8(11):e1003088. 
[2] Collemare J, Griffiths S, Iida Y, KarimiJashni M, et al., 2014. PLoS One. 9(1):e85877. 
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Tolypocladium inflatum is a ubiquitous soil fungus, pathogen of beetles, and producer 
of the well-known immunosuppressant drug cyclosporin.  In addition to cyclosporin, 
however, the genome of T. inflatum harbors 38 secondary metabolite clusters, very 
few of which have been linked to known chemical products.  Using both 
phylogenomic and transcriptomics approaches, we develop a roadmap for exploring 
the metabolome of T. inflatum and linking unknown metabolite gene clusters to 
chemical phenotypes and functions.  Comparisons of the gene space and 
transcriptome responses of T. inflatum with closely related plant pathogenic and 
endophytic fungi is providing insights into secondary metabolite arsenals specific to 
insect pathogens.  We address the evolution of secondary metabolites in insect 
pathogens using a combination of comparative genomics to track the evolution of 
secondary metabolite clusters across the Hypocreales, transcriptomics to characterize 
patterns of gene expression in media supplemented with insect cuticle (simulating 
insect infection) and hemolymph (simulating insect colonization), and metabolomics 
to identify novel compounds.  We examine methods for better linking metabolites 
(chemical phenotypes) with genotypes of secondary metabolite clusters by growth of  
T. inflatum media supplemented with specific amino acid substrates to drive 
expression of specific metabolites for identification by LC-MS.  Finally, we explore 
the utility of phylogenomic analyses in predicting functions of unknown products of 
metabolite clusters. 
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During aging, maintenance of protein function is of crucial relevance allowing 
organisms to cope with endogenous and exogenous stressors. A number of different 
pathways like protein repair, protein degradation via the ubiquitin-proteasome system, 
autophagy and finally apoptosis are thought to represent a hierarchical system of 
protein quality control mechanisms. In the filamentous ascomycete Podospora 
anserina, a well-established aging model, several different pathways involved in 
processes like ROS generation and scavenging, control of respiration, DNA 
maintenance, proteostasis, mitochondrial dynamics and programmed cell death have 
been linked to the aging process. Here we present data on the role of autophagy in 
aging and lifespan control. Using different methods, we demonstrate that autophagy 
increases during aging and acts as a pro-survival mechanism1. Moreover, deficiencies 
of other quality control pathways can be compensated for by up-regulation of 
autophagy and thus this pathway represents an important back-up protection 
mechanism. 
 
[1] Knuppertz L, Hamann A, Pampaloni F, Stelzer E, Osiewacz HD (2014) Autophagy 10: 822-834. 
 
We would like to thank the German Federal Ministry for Education and Research (BMBF) for funding 
through the GerontoMitoSys project (FKZ 0315584A) and the LOEWE excellence initiative of the 
State Hesse (Integrative Fungal Research project) for support. 
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Many of the mechanisms by which organelles are inherited by spores during meiosis 
are not well understood. Dramatic chromosome motion and bouquet formation are 
evolutionarily conserved characteristics of meiotic chromosomes. The budding yeast 
bouquet genes (NDJ1, MPS3, CSM4) mediate these movements via telomere 
attachment to the nuclear envelope (NE). Here, we report that during meiosis the NE 
is in direct contact with vacuoles via nucleus-vacuole junctions (NVJs). We show that 
in meiosis NVJs are assembled through the interaction of the outer NE-protein Nvj1 
and the vacuolar membrane protein Vac8. Notably, NVJs function as diffusion 
barriers that exclude the nuclear pore complexes, the bouquet protein Mps3 and NE-
tethered telomeres from the outer nuclear membrane and nuclear ER, resulting into 
distorted NEs during early meiosis. An increase in NVJ area resulting from Nvj1-GFP 
overexpression produced a moderate bouquet mutant-like phenotype in wild-type 
cells. NVJs, as the vacuolar contact sites of the nucleus, were found to undergo 
scission alongside the NE during meiotic nuclear division. The zygotic NE and NVJs 
were partly segregated into four spores. Lastly, new NVJs were also revealed to be 
synthesized de novo to rejoin the zygotic NE with the newly synthesized vacuoles in 
the mature spores. In conclusion, our results reveal that budding yeast nuclei and 
vacuoles exhibit dynamic interorganelle interactions and different inheritance patterns 
in meiosis, and also suggest that nvj1 mutant cells may be useful to resolve the 
technical challenges pertaining to the isolation of intact nuclei for the biochemical 
study of meiotic nuclear proteins. 
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Autophagy plays a wide variety of physiological and pathophysiological roles in 
eukaryotic cells. Recently, the study of autophagy has been extended to pathogenic 
fungi Magnaporthe oryzae. The rice blast fungus, M. oryzae, is bestowed 
representative infectious cycle and typical in infecting its host by means of a 
specialized infection structure called an appressorium. Autophagy is necessary for 
infection by M. oryzae. Much work and many new techniques are being adapted to 
elucidate the function of autophagy in M. oryzae, including the MoAtg1 protein 
kinase complex; the MoAtg14-containing phosphatidylinositol-3 kinase complex; the 
MoAtg12-Atg5 protein conjugation system; the cleavage of MoAtg8; the trafficking 
of MoAtg9 and the fusion of vacuoles. 
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Filamentous fungi including different mushrooms and medicinal fungi frequently 
degenerate during subculturing on artificial media. The degenerated cultures 
demonstrate the loss or reduction abilities of sporulation, sexuality, fruiting-body 
formation and or production of secondary metabolites, thus leading to the great 
economic losses. The mechanisms of highly frequent and spontaneous fungal culture 
degeneration remain unclear. By using the species of Metarhizium robertsii, 
Cordyceps militaris and Aspergillus nidulans as models, we found that the frequency 
of fungal degeneration was associated with medium nutrient levels and cellular 
accumulation of a high level of reactive oxygen species in association with 
mitochondrium dysfunction and mtDNA glycation. Comparative mitochondrial 
proteomics and cell biology analyses revealed that fungal culture degeneration 
demonstrated the characteristics of aging and cell apoptosis, including the increased 
level of ATP production, cytochrome c release, calcium overload and up-regulations 
of apoptosis-inducing factors in the mitochondria of degenerated culture when 
compared to that of the wild type strain. However, the degenerated cultures did not 
show instant symptom of cell death due to the up-regulations of stress-response 
proteins, anti-apoptotic factors and DNA repair proteins. The results of these studies 
facilitate the understanding of the mechanisms of fungal culture degeneration. 
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The ascomycete, Ophiocordyceps polyrhachis-furcata (OPF), was reported as an 
entomopathogenic fungus with distinctive characteristics of host ant that is species 
specific, and pathogen nesis causing a “death grip” of the infected host. Here, we 
present the draft genome sequence of OPF strain BCC54312 along with the 
comparative and phylogenetic analyses of specific protein families in this species and 
related taxa: Ophiocordyceps sinensis, Beauveria bassiana, Cordyceps militaris, 
Metarhizium anisopliae, and Metarhizium acridum. The overall genome size of OPF 
is about 43 Mb of 598 scaffolds with 6750 protein coding genes and 24core genes 
(i.e., polyketide synthetase:PKS, non-ribosomal peptide synthetase:NRPS) involved 
in the biosynthesis of secondary metabolites. From comparative analyses, protein 
sequences of all six fungi were searched against different databases including the 
peptidase database (MEROPS), the pathogen-host interaction database (PHI-base), the 
carbohydrate active enzymes database (CAZy), the G protein-coupled receptors 
database (GPCR), and the transporter classification database (TCDB). Hydrophobins, 
related to appressorium formation and pleiotropic functions, were classified into two 
classes: Class 1 was missing from OPF and Class 2 was identified in all six fungi. 
Adhesins, providing adhesion specifically to insect host surfaces, were identified in 
all six fungi. Overall, the numbers of proteins in most protein families (especially 
families related to infection processes and pathogenicity, such as subtilisin, trypsin, 
aspartyl proteases and Pth11-like) of both OPF and O. sinensis are significantly 
reduced. This suggests a more restricted environmental space and the direct variation 
to host range and specificity. The O. polyrhachis-furcata genome sheds light on host-
specific pathogenesis and lays a foundation for further investigations of molecular 
mechanisms in host behavior manipulation. 
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Wood degradation strategies in Agaricomycotina have been traditionally termed white 
and brown rot. It has been suggested that brown-rot lineages evolved multiple times 
from white-rot ancestors. Such events were accompanied by losses in gene families 
related to the degradation of lignin and crystalline cellulose and less frequently of 
other carbohydrates. In addition to the typical white and brown rot, other deviating 
types have been occasionally reported, but they have been given less attention. Here, 
we explore the evolution of wood degradation mechanisms in Agaricales and focus on 
the newly sequenced genomes of Fistulina hepatica and Cylindrobasidium torrendii. 
Our results suggest that the gene content of C. torrendii related to wood degradation 
has intermediate characteristics to that of white-rot and brown-rot fungi and shows 
similarities to Schizophyllum commune. Both species have reduced potential for lignin 
degradation similar to brown-rot fungi, but have a large arsenal of enzymes related to 
carbohydrate degradation similar to white-rot fungi. F. hepatica shares the reduced 
wood degradation apparatus with other brown-rot fungi, suggested to be the result of 
gene losses. Several gene families encoding lignocellulolytic enzymes are represented 
only by pseudogenes in F. hepatica, suggesting that this species has recently 
transitioned from white rot towards a more typical brown-rot lifestyle. 
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Genome and transcriptome analyses of Laccaria bicolor and Tuber 
melanosporum revealed that the ectomycorrhizal symbiosis probably developed 
several times during evolution by generating different ‘symbiosis molecular toolkits’. 
In L. bicolor a large set of small-secreted proteins acts as putative effectors but not in 
T. melanosporum, while the up-regulation of transporter-coding genes seems to be a 
common feature of both interactions.  
 To advance in our understanding of the evolutionary origin of mycorrhizal 
symbiosis and to elucidate the molecular mechanisms involved, a large genome 
sequencing project of species from different taxa, phylogenetic clades and symbiotic 
lifestyles (ectomycorrhiza, ericoid and orchid mycorrhiza) was started in 2011 by the 
Joint Genome Institute (JGI) and the mycorrhizal genome initiative (MGI). In 2013 
followed a large-scale transcriptome sequencing project of mycelium and mycorrhizal 
roots from these fungi in order to identify and to compare symbiosis-regulated genes. 


For ectomycorrhizal symbionts the loss of genes coding for plant cell wall 
degrading enzymes seems to be a common feature, while ericoid and orchid 
symbionts keep a large set of decay enzymes and manage to disguise during 
interaction. 


The analyses of mycorrhizal transcriptomes revealed the involvement of both 
conserved AND clade-specific genes. Induced are genes without orthology but coding 
for the same functions, like (often clade-specific) small-secreted proteins, 
transporters, redox metabolism or carbohydrate active enzymes, suggesting a 
convergent evolution.  
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So far, wood-rotting fungi, such as white-rot and brown-rot fungi, are the only 


organisms known to grown on wood. They produce various enzymes outside of their 
cell, extracellular part of the mycelia, to degrade major components of plant cell wall 
such as cellulose, hemicellulose and lignin. There are many enzymes, which can be 
utilized for the biomass conversion, in those fungi, as well as the proteins helping 
and/or accelerating the degradation of the plant cell wall. Therefore, combination of 
correct annotation of these genes and the proteome analysis of the extracellular 
enzymes are quite important for biomass utilization. 
 In the present study, we have cultivated the white-rot basidiomycetes 
Flammulina velutipes (Enoki-take, winter mushroom) and Phanerochaete 
chrysosporium in various biomass-degrading culture, and the transcriptome databases 
were constructed by sequencing of the cDNA library using 454 sequencer. In F. 
velutipes, we identified 19 novel biomass-degrading enzymes including 12 
carbohydrate-active enzymes (CAZymes) by 2-dimentional gel electrophoresis of 
extracellular proteins from cellulose-grown culture, using the transcriptome data as a 
reference sequence. In the case of P. chrysosporium, the transcriptome sequence data 
was also used to improve the gene annotation, and more than 1,000 genes are newly 
annotated by the algorithms refined by cDNA sequences. The improvement of gene 
annotation caused accurate prediction of introns and showed unique monodispersed 
distribution of intron length in this fungus. 
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Almost all terrestrial fungi in the Ascomycota (molds and yeasts) and Basidiomycota 
(mycorrhizal and wood decay species) absorb nutrients from plants. The plant/fungal 
relationship is ancient and recorded in fossils from 400 million years ago. However, 
fungi first evolved before land plants, and unlike the Asco- and Basidiomycota, the 
earlier diverging fungal lineages variously extract nutrients from algae, plants or 
animals. In our community sequencing project with the US Department of Energy 
Joint Genome Institute, we sequenced genomes from three early diverging fungi 
including Gonapodya prolifera, an aquatic species that grows on decaying plant 
material in stagnant water. We hypothesized that if fungi evolved in association with 
green algae from the land plant lineage, then the Gonapodya genome would share 
fungus-specific genes for the breakdown of the pectins that are specific to the 
Streptophytes, i.e. to the land plants and their algal allies. We reconstructed fungal 
phylogeny through analysis of 136 'housekeeping' loci. The branching order shows 
Gonapodya in a clade of aquatic flagellated fungi (Chytridiomycota). Analyzing the 
distribution of pectinases, the Gonapodya genome has 27 genes representing 6 of the 
7 classes of pectin-specific enzymes known from fungi. Most of Gonapodya's 
pectinases share a common ancestry with pectinases from Ascomycota and 
Basidiomycota. Indicating functional as well as sequence similarity, Gonapodya can 
use pectin as a carbohydrate source for growth in pure culture. Shared pectinases of 
Ascomycota, Basidiomycota and Gonapodya provide evidence that even ancient fungi 
were already extracting nutrients from the plants in the green lineage. 
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There are about one thousand fungal species capable of killing insects, most of which 
are ascomycetes. The species like Metarhizium spp. and Beauveria bassiana has been 
developed as environmentally friendly biological control agents against different 
insect pests. The species of the caterpillar pupae specific fungus Cordyceps militaris 
and caterpillar fungus Ophiocordyceps sinensis, however, have been used as 
traditional Medicines for hundreds of years. We sequenced the genomes of different 
insect pathogenic fungi to better understand the evolution of fungal 
entomopathogenicity and host specificity. We found that the insect pathogens have a 
strikingly larger proportion of genes encoding secreted proteases and chitinases than 
other sequenced fungi. A phylogenomic analysis confirmed that entomopathogenicity 
is polyphyletic, so similar expansions of insect cuticle degrading enzymes reflect a 
convergent evolution. When referenced to plant and mammal pathogenic fungi, insect 
pathogenic fungi could be differentiated based on the family sizes of pathogen-host 
interaction proteins, small-secreted cysteine rich proteins, secreted proteases, 
glycoside hydroxylases and transporters. Genome survey of different Metarhizium 
species with varied host range indicated that the species with a narrow host range 
diverged first in association with the evolution of insect hosts. The factors of gene 
duplication, transposable elements, lack of genome defense mechanism and horizontal 
gene transfer drive Metarhizium genome expansion and speciation for infection of 
diverse insect hosts. High throughput transcriptome analysis indicated that the 
pathogens could regulate transcriptional responses with fine-tuned gene sets for host 
recognition and adaptation to different niches. The results of our studies not only 
advanced the understanding of the evolution of fungal entomopathogenicity but will 
benefit future molecular studies of fungus-host interactions. 
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Nematode-trapping fungi form unique infection structures, traps, to capture and kill 
free-living nematodes. The traps have evolved differently along several lineages and 
include adhesive traps (knobs, nets or branches) and constricting rings. We show, by 
genome sequencing of the knob-forming species Monacrosporium haptotylum and 
comparison with the net-forming species Arthrobotrys oligospora, that two genomic 
mechanisms are likely to have been important for the adaptation to parasitism in these 
fungi. Firstly, the expansion of protein domain families and the large number of 
species-specific genes indicated that gene duplication followed by functional 
diversification had a major role in the evolution of the nematode-trapping fungi. Gene 
expression indicated that many of these genes are important for pathogenicity. 
Secondly, gene expression of orthologs between the two fungi during infection 
indicated that differential regulation was an important mechanism for the evolution of 
parasitism in nematode-trapping fungi. Many of the highly expressed and highly 
upregulated M. haptotylum transcripts during the early stages of nematode infection 
were species-specific and encoded small secreted proteins (SSPs) that were affected 
by repeat-induced point mutations (RIP). The high expression and rapid divergence of 
SSPs indicate a striking similarity in the infection mechanisms of nematode-trapping 
fungi and plant and insect pathogens from the crown groups of the filamentous 
ascomycetes (Pezizomycotina). The patterns of gene family expansions in the 
nematodetrapping fungi were more similar to plant pathogens than to insect and 
animal pathogens. The RIP activity in the Orbiliomycetes suggested that this 
mechanism was present early in the evolution of the filamentous ascomycetes. 
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Members of α-1,2-mannosyltransferase (Ktr) family are required for protein O-
mannosylation for the elongation of Ser/Thr mannose residues in yeasts but 
functionally unknown in most filamentous fungi. Here we characterized the functions 
of the Ktr orthologues Ktr1, Ktr4 and Kre2/Mnt1 in Beauveria bassiana, a 
filamentous enotmopathogen, and found that they were positive, but differential, 
mediators of many biological traits. Inactivation of Ktr4 and Kre2 resulted in 92% 
reduction of conidial yield on a standard medium and growth defects on substrates 
with altered carbon or nitrogen sources and availability, accompanied with reduced 
conidial size and complexity. This contrasts to the dispensability of Ktr1 for fungal 
growth and conidiation. More cell wall damage occurred in ∆ktr4 and ∆kre2 than in 
∆ktr1, including altered contents of the cell wall components mannonproteins, α-
glucans and chitin, more carbohydrate epitopes changed on conidial surfaces, much 
lower conidial hydrophobicity, and thinner cell walls. Consequently, ∆ktr4 and ∆kre2 
became more sensitive to oxidation and cell wall perturbation than ∆ktr1 during 
colony growth or conidial germination despite less difference in their sensitivities to 
two osmotic agents. Conidial thermotolerance, UV-B resistance and virulence were 
all lowered greatly in ∆ktr4 and ∆kre2 but only the thermotolerance decreased in 
∆ktr1. All the phenotypical changes were well restored to wild-type levels by the 
complementation of each target gene. Our results indicate that Ktr4 and Kre2 
contribute more to the biocontrol potential of B. bassiana than Ktr1 although all of 
them are significant contributors. 
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The biocontrol potential of filamentous entomopathogenic fungi, such as Beauveria 
bassiana, depends not only on the virulence of a candidate strain to target pests but 
also on its tolerance to high temperature and solar UV irradiation often encountered in 
the field. Fungal superoxide dismutases (SODs) that detoxify superoxide anions could 
be putative virulence factors for entomopathogenic fungi. Three genes encoding 
SODs have been identified in the Beauveria bassiana: a cytoplasmic Cu/ZnSOD 
(BbSod1), a mitochondrial FeSOD (BbSod4) and a cell-wall Cu/ZnSOD (BbSod5). 
During growth, BbSod4 was weakly expressed compared with other SODs and the 
deletion of BbSod4 was lethal. To probe their effects on the biocontrol potential of B. 
bassiana, ∆BbSod1, ∆BbSod5 and three hairpin RNA-interfered (RNAi) mutants were 
constructed and assayed for various phenotypic parameters in conjunction with 
∆BbSod1/BbSod1,∆BbSod5/BbSod5 and wild-type (control strains).The knockout 
mutants showed phenotypic alterations, including delayed sporulation and impaired 
conidial quality, but little change in RNAi mutants. Their mycelia or conidia became 
more sensitive to menadione or H2O2 induced oxidative stress but had little change in 
resistance to hyperosmolarity and wet-heat stress. Their UV tolerance and virulence 
was also impaired. Transcriptional changes of five Sod genes and other relative genes 
described try to explain the phenotypic changes among the mutants. Our finding 
highlight that these three Sods regulate the oxidative resistance in different method, 
thereby exerting profound effects on the fungal biocontrol potential. 
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Microbial pathogens normally attack organisms that belong to a certain sub-phylum 
within a specific kingdom. Nevertheless, despite this strict separation, recent studies 
revealed similarities in virulence mechanisms and strategies between pathogens 
attacking plants, insects and vertebrates. Specifically, manipulation of host apoptotic 
cell death has emerged as a common strategy used by various types of pathogens to 
affect their hosts. We showed that in the broad host range necrotrophic fungus B. 
cinerea, massive programmed cell death (PCD) of fungal cells is induced by the plant 
defense response during the early phase of plant infection. Anti-apoptotic machinery 
helps the fungus to overcome the plant-induced PCD and hence is essential for 
pathogenicity. To date, the connection between fungal PCD and virulence has only 
been demonstrated in plant-pathogenic fungi. However, in light of the similarities 
between fungal pathogens of plants and animals, we predicted that fungal PCD plays 
a role in all types of interactions, including that with animals. We therefore developed 
a system to study PCD in the human fungal pathogen A. fumigatus. Experiments 
using embryonated eggs, A. thaliana plants and isolated neutrophils as infection 
models, demonstrated that A. fumigatus undergoes massive PCD soon after 
inoculation, a scenario that is highly similar to that observed in plant-necrotrophic 
fungi. Moreover, manipulation of an anti-apoptotic gene AfBir1 modified fungal 
response to PCD-inducing conditions, including host-induced apoptosis. These results 
support the notion that fungal PCD is triggered not only during interaction of 
necrotrophic fungal pathogens with plants, but also in other types of interactions, 
including those with humans. 
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The opportunistic human fungal pathogen Candida albicans transitions between 
distinct lifestyles as a normal component of the human gastrointestinal microbiome 
and the most common agent of disseminated fungal disease. So far, molecular 
mechanisms regulating the transition from being a commensal to a pathogen are still 
unclear. We previously identified the iron-related transcription factors Sfu1 and Sef1 
as key players in both C. albicans commensalism and pathogenicity. Here, in order to 
explore potential roles of Sfu1 and Sef1 in regulating this important disease 
developmental transition, we seek to propose this research with two specific focuses: 
(1) Sfu1 and Sef1 protein modifications and their impact on fungal virulence and 
commensalism; (2) Mechanisms of balancing interactions between host, C. albicans 
and other microbes during GI tract colonization. Our study is expected to provide 
important insights to better understand C. albicans commensalism, pathogenicity and 
their transitions. Moreover, we hope that our proposed research can provide bases on 
how to control and prevent fungal infection, and to discover new targets of anti-fungal 
drugs. 
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Fungi secrete proteins to derive nutrition from their environment and to interact with 
other organisms. Two classes in plant pathogenic fungi are carbohydrate degrading 
enzymes that allow breaching of the host surface to gain entry, and small secreted 
proteins, termed effectors, which facilitate infection and/or induce plant defence 
responses. Effectors are generally <300 amino acids and cysteine-rich. They are often 
species-specific, polymorphic between isolates and transcribed at much higher levels 
in planta than in culture. Some are avirulence proteins, which are complementary to 
plant resistance proteins in ‘gene for gene’ interactions. In contrast to plant diseases, 
most animal diseases do not display host specificity. There are few barriers to fungal 
entry and generally no intimate cellular relationship between fungus and animal, as is 
seen with some plant pathogenic and symbiotic fungi, which are enveloped in fungal 
and plant plasmalemmas. Furthermore few polymorphic effectors in isolates of animal 
pathogenic fungi have been reported. Thus effectors may not be important in fungal-
animal interactions. In this talk I describe the role of several small secreted proteins, 
including avirulence proteins, in the interaction between Leptosphaeria maculans, the 
blackleg fungus, and Brassica napus (canola). 
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Phellinus noxius (Corner) G. H. Cunn. is widespread in the tropical regions of 
Southeast and East Asia, including southern subtropical areas in Japan, as well as the 
Pacific Islands, Australia, Central America, and Africa, where it causes brown root rot 
in various tree species. In Japan, brown root rot caused by P. noxius has been reported 
on several of the Ryukyu Islands; in both Okinawa and Kagoshima prefectures. 
Recently, severe damage due to brown root rot caused by P. noxius occurred in the 
Ogasawara islands of Tokyo prefecture. The Ogasawara islands are oceanic islands 
located north of the Tropic of Cancer in the Western Pacific, 1000km south of the 
Japanese Archipelago, which were registered as a world natural heritage site in 
2011.We surveyed the environmental conditions and host species of the disease sites 
at Chichijima and Hahajima. At present, brown root rot has been confirmed in 33 tree 
species of 26 plant families, 13 of which were indigenous tree species in the 
Ogasawara islands. The largest patch size (one area of diseased trees found, not equal 
to the genet size) was 20.2 m by 26 m. Artificial and radical environmental changes 
are the suspected factors behind the recent expansion of the disease. 
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Puccinia psidii causes diseases known as guava, eucalypt, or myrtle rust on diverse 
host species of the Myrtaceae. This autoeciousrust pathogen is considered indigenous 
to Central and South America, and it was first reported in Brazil on guava in 1884 and 
later found on non-native eucalypt in 1912. By 1934, the pathogen had invaded 
Jamaica where it devastated the allspice industry. Serious rust outbreaks in eucalypt 
plantations during the 1970s led to the development of successful rust-resistance 
breeding and selection programs for eucalypts in Brazil. In the last decade, P. psidii 
has invaded Hawaii, Australia, New Caledonia, and other regions where it represents 
a major threat to numerous native and introduced myrtaceous species. In ongoing 
multi-national, collaborative studies, microsatellite DNA markers are being used to 
characterize P. psidii from diverse global sources. Previous studies demonstrated 
strong host associations among Brazilian pathogen populations, and refuted the long-
held hypothesis that the eucalypt-infecting P. psidii in Brazil originated via a host 
jump from the native guava. Ongoing studies have demonstrated the existence of 
several unique, multilocus genotypes that cluster into at least four distinct genetic 
groups (biotypes): 1) eucalypt-associated in Brazil; 2) allspice-associated in Jamaica; 
3) guava-associated in Brazil; and 4) multiple host-associated in diverse geographic 
locations. Different biotypes of P. psidii display differences in host associations and 
suitable climate space (potential geographic distribution based on bioclimatic 
modeling). This information will be used to determine potential pathways of spread 
and predict geographic areas at risk for biotype invasion. 
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In the southeastern United States, laurel wilt (LW) has killed nearly half a billion trees 
in the Lauraceae since 2002. In little more than a decade, the disease has spread to 
seven native and two cultivated host species and is now established in six states. The 
impacts of the epidemic are diverse, and include major changes in ecosystem 
compositions, loss of key species in vulnerable systems, loss of a culturally significant 
species for Native American communities, and precipitous declines in associated 
butterfly species. Additionally, LW impacts commercial production of avocado in 
south Florida (valued at > $60 million yr-1), and threatens more valuable production in 
California (ca $350 million yr-1) and Mexico (world’s leading producer). The fungal 
pathogen (Raffaelea lauricola) is transmitted to live host trees by an insect vector, the 
Asian redbay ambrosia beetle (Xyleborus glabratus). Typically, ambrosia beetles 
carry nonpathogenic fungal symbionts that the beetles consume, rather than wood, in 
affected trees. LW is unique in that the symbiont of X. glabratus is systemic and 
highly virulent. Very few conidia are needed to incite LW, and susceptible trees die in 
a few weeks. Microscopic observations and studies with secondary metabolites 
indicate that symptomatic hosts are characterized by excessive tylose formation, 
which halts vascular function. However, toxins are probably not involved in 
pathogenesis. Genetic analyses of R. lauricola indicate that a single clone occurs in 
the USA. Microsatellite markers indicate a close genetic match for isolates from the 
USA and Taiwan, some differences with Japanese isolates, but no differences in 
virulence among these isolates.  Lateral transfer of the pathogen to other native and 
non-native ambrosia beetle species is common and some of these beetles appear to be 
involved in the epidemic on avocado in Florida. Current efforts to manage LW rely on 
systemic fungicides, judicious sanitation in avocado orchards and host resistance. 
Future research will focus on improved strategies for management, vector identity and 
efficiency in the avocado epidemic, and better understandings of the host x pathogen 
interaction and LW epidemiology. Genomic analyses of the pathogen and closely 
related, nonpathogenic symbionts, as well as examinations of host susceptibility 
within the Lauraceae, should provide insight into what makes R. lauricola a plant 
pathogen. 
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Corymbia calophylla (marri), a keystone tree species in Western Australian 


(WA) woodlands and forests is suffering a major decline syndrome associated with 
the canker fungal pathogen Quambalaria coyrecupand the foliar pathogen Q. 
pitereka. Evidence suggests the former is endemic, whilst the latter has recently been 
introduced from eastern Australia.  Historically, marri has not been valued as an 
economically important timber tree species. As a consequence, this decline has been 
allowed to progress relatively unchecked, with the resulting decline of marri likely to 
have dramatic consequences on forest and woodland ecosystems.  Biodiversity loss, 
dangerously high fuel loads, increased wildfires, decline in beekeeping and the honey 
industry, and increasing tree removal costs can be expected in the future.  The current 
decline in marri health has also had an immeasurable negative effect on the social 
psyche, as evidenced by the concern of communities throughout southwest WA, and 
there is now substantial support from these communities to develop methods to 
manage these pathogens in the landscape. 
 We will discuss (1) our on-ground assessment methods which we are using to 
quantify the extent, incidence and severity of the decline, (2) how we are examining 
the diversity and pathogenicity of the two pathogens from across the marri range, (3) 
the likely roles of additional biotic and abiotic factors in the decline syndrome, (4) our 
approaches to control using different fungicides and application methods, (5) our 
approach towards selecting resistant individuals for future breeding purposes, and (6) 
how we are using community support where appropriate to help us extend our 
research activities and assist in trials through the use of citizen science, which 
includes the use of a smartphone application. These approaches will be relevant to 
others working on similar disease syndromes in natural ecosystems. 
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Sudden Oak Death is a disease caused by the exotic pathogen Phytophthora ramorum 
resulting in up to 100% and 70% mortality of tanoaks and California coast live oaks 
(CLOs), respectively. These two tree species not only can be regarded as being 
keystone from an ecological perspective in many coastal forest ecosystems, but they 
also hold an important cultural significance. Tanoaks are among the most sacred trees 
for native people on the coast, while CLOs are regarded as the quintessential coastal 
tree by most Californians. P. ramorum invasion causes a rapid and selective removal 
of tanoak (and oak) biomass. Stands dominated by tanoak prior to invasion can be 
converted to shrubland-type ecosystems dominated by re-sprouting tanoak. In stands 
with significant bay laurel in the canopy and in areas with optimal climatic conditions 
for disease transmission, continued high levels of inoculum are likely to eventually 
locally extirpate tanoak. Three significant ecological implications linked to the 
presence of SOD in forests stands have already been identified: 1)- loss of fauna 
dependent on acorns ; 2)- mortality of adult redwoods due to the higher intensity of 
wildfires in proximity of trees recently killed by SOD; 3)- loss of mycorrhizal 
mycelium  in the soil associated with infected tanoaks. The potential long-term effects 
of these impacts will be discussed, together with the description of how residents of 
many communities heavily impacted by SOD have paired with scientists to monitor 
and fight the disease. 
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Metarhizium spp. are soil fungi, insect pathogen and plant symbionts. Genetically 
modified Metarhizium spp. represent a major new arsenal for combating insect pests 
and insect-borne infectious diseases such as malaria. However, for these tools to be 
used safely and effectively, we need a much better understanding of their evolutionary 
potential and invasion ecology in the wild, following their release. In order to model 
natural as well as anthropogenic dispersal scenarios, we investigated evolutionary 
processes in a GFP tagged strain of Metarhizium robertsii following its transfer to a 
new soil community. Adaptive changes occurred over four years despite recurrent 
genetic bottlenecks and lack of recombination with locally well-adapted strains. By 
coupling microarray-based functional analysis with DNA hybridizations we 
determined that expression of cell wall and stress response genes evolved at an 
accelerated rate in multiple replicates, whereas virulence determinants, transposons 
and chromosome structure were unaltered. The mutable genes were enriched for 
TATA boxes possibly because they are larger mutational targets. In further field trials, 
we showed that the new mutations increased the fitness of M. robertsii in the new 
range by enhancing saprophytic associations, and these benefits were maintained in 
subsequent years. Consistent with selection being habitat rather than host specific, 
populations of an avirulent mutant cycled with seasons in a similar manner to the wild 
type, whereas a mutant unable to adhere to plant roots became extinct. Our results 
provide a mechanistic basis for understanding post-release adaptations, show that 
agents can be selected that lack gene flow and virulence evolution, and provide a 
means of genetically containing transgenic strains by disrupting a gene required for 
adhesion to roots. 
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Plant pathogens limit the crop productivity worldwide. Resistant cultivars and 
effective fungicides for the control of diseases caused by soil-borne pathogens such as 
Rhizoctonia solani (Kühn) are often not available. Adverse eco-toxicological effects 
of chemical fungicides and that society is becoming more conscious about the 
environment support the development of alternative control strategies to combat 
fungal diseases on crops. Improved plant traits were shown by interaction with plant 
associated bacteria, such as increased tolerance to biotic stress, enhanced yield and 
increased biomass. Such positive effects on plants have been demonstrated by strains 
as Bacillus amyloliquefaciens FZB42, Pseudomonas jessenii RU47 and Serratia 
plymuthica 3Re4-18. Genome analysis of the strains showed an impressive capacity to 
produce metabolites with antimicrobial activity. The antifungal activity of FZB42 for 
example is due to the production of cyclic lipopeptides and polyketides. The genome 
of the strain RU47 contains gene cassettes encoding enzymes for the biosynthesis of 
antifungal compounds. Studies were performed to investigate the disease suppression 
effect of the three inoculants towards the bottom rot pathogen Rhizoctonia solani 
AG1-IB on field grown lettuce. Additionally, the research aimed to unravel their 
rhizosphere competence as a key factor for a successful interaction with the plant and 
with the indigenous microbial community in the rhizosphere. The treatment of lettuce 
plants with the three inoculants resulted in a reduced disease severity of bottom rot 
under various conditions at the field scale. The rhizosphere of lettuce was successful 
colonize by all three inoculants during the growth period. Minor effects by the 
inoculants on the microbial community in the rhizosphere were found. The results 
improve our understanding of the activity of plant associated bacteria.  
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Development of new products for the biological control of plant diseases and 
pests 


Jürgen Köhl, Wageningen UR 
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The markets for biological control products against plant pathogens increased 
significantly during the last years and more products are needed for this increasing 
market demands in the future. Main drivers for this development are consumers, 
retailors and regulators demanding more and more sustainable production systems and 
lower pesticide residue levels in food and feed. New screening programs carried out 
in collaborations between biocontrol industries and research institutes are needed to 
search for a next generation of antagonists. Such antagonists for use in commercial 
biocontrol products have to fulfill many different requirements. Besides being active 
control agents against the specifically targeted plant pathogens, they must be safe and 
cost effective. The development of new biocontrol products starts with screening 
programs including hundreds or thousands of candidates. For commercial use, 
important criteria are market size, efficacy, ecological characteristics, production 
costs, safety, environmental risks and protection of intellectual property rights. A 
stepwise screening approach considering these very different aspects has been 
developed and used for the development of new fungal biological control agents 
against Venturia inaequalis causing apple scab, the major disease in apple production. 
Isolate Cladosporium cladosporioides H39 suppressed sporulation of Venturia 
inaequalis on apple leaves of seedlings in bioassays under controlled conditions. 
Conidia of the antagonists were mass produced and formulated. Multiple spray 
applications of formulated conidia of Cladosporium cladosporioides H39 
significantly reduced scab on leaves and fruit in various orchard trials. 
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Biocontrol agents are currently gaining much popularity as alternative to synthetic 
pesticides due to minimal impact on environment. However, their mode of interaction 
with indigenous soil microbial community and nutrient cycles is unclear. The 
introduction of these microbial inoculants into soil in higher numbers is expected to 
induce at least a transient disturbance in the equilibrium of soil microbial 
communities. Such effects of introduced microbial inoculants on soil microbial 
composition, other than their target organisms, are usually defined as non-target 
effects. We studied the non-target effects of an introduced Trichoderma strain into the 
rhizosphere of India’s most important pulse, Cajanus cajan, using both cultivation-
dependent and –independent techniques. When C. cajan rhizosphere was treated with 
talcum-based Trichoderma formulation, significant enhancement in plant growth was 
observed with respect to length of root and shoot, number of nodules and grain yield, 
compared to untreated plant. Enumeration showed 63% increase in indigenous fungal 
species, while 130% enhancement in nifH gene copy number, 43% increase in 
abundance of β-proteobacteria and 3.4% decrease in actinomycetes, was observed 
through real-time PCR, in Trichoderma treated rhizosphere. The automated ribosomal 
intergenic spacer analysis fingerprinting (ARISA), showed significant non-target 
effects of Trichoderma over control soil. Results from our study clearly indicate the 
need to do complete risk assessment of biocontrol agents before their release in 
agriculture. 
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The house fly (Musca domestica) is an on-going problem for intensive animal 
holdings such as cattle feedlots. Uncontrolled fly populations may lead to reduced 
production, annoyance stress to feedlot workers and complaints from residents 
adjacent to cattle feedlots. In addition these flies can vector diseases. Repeated use of 
insecticides for fly control can result in residues in produce and the environment and 
the development of resistance in flies. Previous studies conducted by Agri-Science 
Qld attained a proof of concept that fungal biopesticides based on the fungus 
Metarhizium have potential as house fly control agents in cattle feedlots. The aim of a 
current project is to build on the previous research and develop commercially 
acceptable Metarhizium based bait and spray formulations for strategic management 
of house fly populations in cattle feedlots. Monitoring across a number of feedlots 
will provide data on temporal and spatial variation in fly populations to develop a 
regime for the efficacious deployment of the formulations. Metarhizium isolates will 
be selected on characteristics including high spore yield and pathogenicity to M. 
domestica. Formulations are being developed to maintain spore viability under 
ambient conditions, protect from UV damage, attract flies and provide stability for 
very low and ultra-low volume spraying. 
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During the last decade a great deal of information has accumulated on 
entomopathogenic microorganisms. In particular, molecular aspects of the infection 
process of filamentous fungi have been described and genomic studies have been 
done. However, experiments in field conditions to evaluate the efficacy of fungal 
isolates are still scarce. This is the case of M. anisopliae, one of the most studied 
entomopathogen, to control cattle ticks. Experiments with experimentally tick- 
infested cattle are difficult to perform taking into account the conditions necessary to 
follow the effects of the fungus. Moreover, few studies have been undertaken in field 
conditions to access the fungal control in combination with chemical acaricides. 
Therefore, after compatibility studies of M. anisopliae strain E6 with commercial 
acaricides in vitro and field experiments were conducted. Acaricide treatments had 
mild effects on fungus viability. The field experiment was conducted with twenty 
bovines divided into four groups (n = 5); (i) acaricide-treated group, (ii) fungus-
treated group, (iii) fungus+acaricide group, and (iv) control non-treated group. 
Animals were allocated into highly infested paddocks and were also experimentally 
infested with 20.000 larvae of R. microplus in three weeks -21, -14, and -7 days 
before the first treatment and one week after each treatment. Animals in the treated 
groups were sprayed with M. anisopliae at a concentration of 108 conidia/mL at 21 or 
28 days intervals (seven treatments). From the first treatment to the end of the 
experiment, the treated groups had lower tick infestation (P < 0.05). Groups treated 
with fungus suspension and acaricide alone, presented a similar efficacy, with 
minimal of 50% and 75% average. Importantly, the association of fungus and 
acaricide promoted a minimal percent of 91.7% tick-control after the first treatment 
and over 98% tick-control in the other six treatments. Thus in this work we 
demonstrate the real applicability of the use of M. anisopliae (strain E6) to control 
acaricide resistant ticks R. microplus in particular using the association of fungal 
spores and acaricides. 
 
Funding: CAPES, CNPq, FAPERGS. 
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Accelerated gene evolution is a hallmark of pathogen adaptation following a host 
jump. However, the biochemical basis of adaptation and specialization to new hosts 
remains largely unknown. We describe functional specialization of a plant pathogen 
effector following a host jump. Orthologous protease inhibitor effectors from the Irish 
potato famine pathogen Phytophthora infestans and its sister species Phytophthora 
mirabilis are better adapted to protease targets from their respective host plants potato 
and Mirabilis jalapa. Single amino acid polymorphisms in the inhibitors and their 
target proteases largely underpin biochemical specialization. These results provide a 
molecular framework for how antagonistic pleiotropy drives effector specialization in 
a plant pathogen ultimately resulting in diversification and speciation. 
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Pyricularia spp. are causal agents of blast disease in Poaceae, Zingiberaceae, and 
Cyperaceae. This genus includes the Pyricularia oryzae/grisea species complex 
(POGSC) and other morphologically distinct species, such as P. zingiberi, P. 
zizaniaecola, and P. higginsii. Phylogenetic analysis of magnaporthaceous species 
revealed that these species constitute a monophyletic group characterized by 3-celled, 
pyriform conidia with a hilum, and are not congeneric with Magnaporthe salvinii, the 
type species of Magnaporthe. The most familiar species within POGSC, P. oryzae, is 
composed of several host-specific subgroups such as Oryza, Setaria, Triticum, and 
Eleusine subgroups. To depict evolutional processes of the Oryza subgroup (the rice 
blast fungus) and their races, we surveyed distribution and chromosomal localization 
of avirulence effector genes, AVR-Pita, AVR-Pia, AVR-Pii, and AVR-Pik 
corresponding to the resistance genes, Pita, Pia, Pii, and Pik, respectively. They were 
distributed only in POGSC. Most of them were highly variable in chromosomal 
location, and found on both essential and supernumerary chromosomes. We called the 
frequent change of avirulence gene location as “multiple translocation”. Sequence 
analysis revealed that this frequent translocation might be associated with 
transposable elements in their flanks, and suggested that these avirulence genes have 
been occasionally transferred beyond species (horizontal transfer). The main 
mechanism of loss of avirulence in the Oryza subgroup was deletion of entire genes. 
These results suggest that multiple translocation is a result of continuous loss and gain 
of avirulence genes. The prominent multiple translocation in the rice blast fungus may 
be associated with the long history of its arms races with rice cultivars in the fields.  
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Symbiotic organisms are ubiquitous and can be integral to the survival, fitness, and 
development of their hosts. Interactions between a symbiont and its host are carried 
out in the context of the community of other symbionts affecting that host. These 
between symbiont interactions can range from facilitating to excluding other 
symbionts from the host. In this study we examine interactions between a pathogen 
and a mutualist isolated from the same host population and extrapolate the 
evolutionary consequences of these interactions using mathematical modeling. Our 
focal host, Zea maize is party to a diverse community of symbiont including the 
pathogenic smut fungus Ustilago maydis and the mutualistic endophyte Fusarium 
verticillioides. Previous studies have shown that F. verticillioides can decrease the 
negative effects to the plant associated with U. maydis infection, making F. 
verticillioides a defensive mutualist. We compare fungal interactions within maize to 
interactions in vitro and test the effect of ecological background on growth and 
competition between these two fungi. Additionally, we use the virulence tradeoff 
hypothesis to extrapolate the evolutionary consequences of symbionts defending their 
hosts. In this model symbionts navigate their relationship with their hosts an 
coinfectors through two traits, virulence, the effect of a symbiont on host mortality, 
and defense, the effect of a symbiont on other symbionts interacting with a host. We 
show that, while the evolution of defense does not necessarily lead to mutualism, 
defensive traits can temper selection for increased virulence due to multiple 
infections. 
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 Beside many other aspects, host specificity of smut fungi is one of the most 
fascinating feature of these plant parasites. The comparison of two different 
phylogenetic lineages which both include fungi displaying a smut syndrome allows to 
disentangle various traits which are related to plant parasitism in general and to host 
specificity in particular. 
 Superficial analyses of phylogenetic trees easily allow identifying evolutionary 
trends like specificity of sorus location, host relationship or spore ball development. 
Although parallel evolution let us assume selective advantages of a specific trait, 
experimental data are often lacking. E.g. host specificity might also relate to 
ecological niches, biogeography, or simple to the size of the host group.  
 Phylogenetic trees help to understand character evolution and based on this 
information we can address more functional question. We will present data about 
sporeball development and its potential effect during evolution and the character 
distribution among living species and genera. We study the role of sporball size in 
terms of its relevance for various types of distribution. Which explanations do we 
have for the loss of sporeballs during evolution? 
 Similarly, the sporulation in anthers is a paraphyletic feature, which has been 
developed at least three times during evolution. Although the selective advantage is 
quite obvious, we have no information about the genetic background for this 
specialization. We use comparative genomics to identify genes under positive or 
diversifying selection to study them as candidate genes for the origin of variation 
between species. They might be important factors for host specificity and plant fungus 
interactions. 
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Diplodia sapinea (= Sphaeropsis sapinea) is an economically important pathogen of 
Pinus spp. especially where they are planted as non-native trees in plantations. . A 
sexual state has never been observed and the fungus has thus been considered 
exclusively asexual. Contrary to expectation, studies applying vegetative 
compatibility tests showed very high levels of genetic diversity in some countries 
where D. sapinea had been introduced but much lower from countries such as 
Australia where there have been few opportunities for introduction due to strict 
quarantine regulations. Population genetic studies applying microsatellite markers 
confirmed this high level of diversity which would be unusual for an introduced 
pathogen displaying only asexual reproduction. In more recent studies, we have 
shown that isolates of this pathogen contain complete and apparently functional 
mating type genes. MAT genes containing either the α-1 and HMG domains are 
present in different isolates. More surprisingly, the frequencies of the idiomorphs in 
populations from Australia, Argentina, South Africa and the USA are not significantly 
different from a 1:1 ratio. These results strongly suggest that D. sapinea has a cryptic, 
heterothallic sexual cycle. Furthermore, that some of the genetic variation might be 
ascribed this life style. 
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Human pathogenic fungi are becoming an increasing global problem, due to the 
growing human mobility, global trade and interconnectivity between different parts of 
human society. A number of outbreaks including the famous ongoing outbreak of 
Cryptococcosis on Vancouver Island have recently been described. To gain better 
insights into the outbreak dynamic and the spread of human/animal fungal pathogens 
it is important to understand the population genetic structure and molecular 
epidemiology of human/animal pathogenic fungi. This talk will review the molecular 
methods currently available to trace the spread of human and animal pathogens, 
including PCR-fingerprinting, Amplified fragment length polymorphism (AFLP), 
Multilocus Microsatellite Typing (MLMT), multilocus sequence type analysis (MLST 
and whole genome sequencing (WGS). Examples on how the different molecular 
techniques have been applied in different scenarios, including Cryptococcus gattii, 
Scedosporium aurantiacum and Pneumocystis jirovecii will be discussed. The global 
Multilocus Sequence typing database for human/animal pathogenic fungi established 
as part of the International Society of Human and Animal Mycology (ISHAM) 
working groups “Genotyping of Cryptococcus neoformans and Cryptococcus gattii” 
and “Pseudallescheria/Scedosporium infections”, accessible via 
mlst.mycologylab.org or www.isham.org, will be presented. This database features 
specific MLST databases for: Cryptococcus neoformans (formerly housed at 
mslt.net); Cryptococcus gattii; Scedosporium aurantiacum, Scedosporium 
apiospermum, Scedosporium boydii and Pneumocystis jirovecii. The MLST databases 
provide standardized genetic loci, primer and PCR amplification information, and 
allows for the identification of allele (AT) and sequence types (ST) facilitating a 
globally standardised strain typing system to enable an early public health response to 
emerging outbreaks. 
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Cryptococcosis is a basidiomycetous yeast infection caused by Cryptococcus 
neoformans-gattii species complex which comprises of two sibling species, 
Cryptococcus neoformans and Cryptococcus gattii.  Since the beginning of the 
acquired immune deficiency syndrome (AIDS) pandemic in 1980s, prevalence of 
cryptococcosis has increased dramatically.  More than 95% of cryptococcosis was 
AIDS-associated thus cryptococcosis was considered as an opportunistic infection.  
However, over the years, this paradigm has been challenged by several 
epidemiological studies reporting non-AIDS-associated cryptococcosis.  Firstly, in 
1999, more than 200 cases of cryptococcosis were reported on the Vancouver Island, 
Canada where most patients (62%) were non-HIV.  Secondly, in 2008, Chang et al. 
reported that most (91.5%) of 129 cryptococcosis cases from China occurred in 
immunocompetent patients. Finally, in 2010, an epidemiological survey of 
cryptococcosis in Korea revealed 77.4% of the 62 cases were non-HIV patients. 
Genetic susceptibility to cryptococcosis of the Far East Asian bloodline was 
suspected. However, this figure is converted in a study from Thai patients which are 
close siblings of the Far East Asian bloodline where only 6% of the 113 
cryptococcosis cases were non-HIV patients. Thus, the genetic susceptibility 
hypothesis is inconclusive and further studies are needed. 
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Sporotrichosis associated with zoonotic transmission remains a relevant public health 
problem in Rio de Janeiro, Brazil, affecting a large at-risk population, including 
immunocompetent and immunocompromised patients. Traditionally, this 
subcutaneous mycosis is known as “gardeners´ disease”, usually associated with 
puncture injuries. However, the natural history of sporotrichosis has been changing 
gradually in frequency, mode of transmission, and demographic and geographic 
distributions. The zoonotic transmission has been sporadically associated with 
scratches or bites from animals in several regions of Brazil, but the role of felines in 
the transmission of the mycosis has gained attention in the southeast region of our 
country. The metropolitan region of Rio de Janeiro is an endemic area of zoonotic 
sporotrichosis transmitted by cats since 1998, occurring mainly in areas with 
underprivileged socioeconomic conditions and precarious health services. The 
individuals most frequently affected were housewives taking care of cats with 
sporotrichosis. In such epidemic peculiar aspects were reported. Clinically, it has been 
characterized by unusual clinical presentations, manifestations of hypersensitivity and 
an increasing number of patients coinfected with HIV. Spontaneous regression of the 
mycosis, as well chronic cases and recurrences were also observed, although it has 
been rarely reported in the literature. Several changes on Sporothrix schenckii 
taxonomy and clinical aspects of sporotrichosis have been reported, so we have been 
evaluating epidemiological, mycological, clinical and therapeutic factors associated 
with zoonotic sporotrichosis. To clarify some of these aspects the partial calmodulin 
gene sequencing, the T3B polymerase chain reaction (PCR) fingerprinting, and the 
matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-
TOF MS) were applied to distinguish the species of the Sporothrix complex, since the 
identification is often inconclusive or ambiguous as some species are too closely 
related phenotypically. The MALDI-TOF MS permitted clearly identify strains of S. 
brasiliensis, S. globosa, S. mexicana, S. schenckii, S. lurieii and S. pallida at the 
species level, data confirmed by sequencing of partial calmodulin gene and T3B PCR 
fingerprinting. These methodologies are simple, reliable, rapid, making it an ideal 
routine identification system for clinical mycology laboratories. Here, we shall focus 
on some epidemiological features, and discuss the molecular tools applied to the 
epidemiology of sporotrichosis. 
 


Supported by CNPq/PAPESVI and FAPERJ 
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Lacaziosis is a chronic granulomatous and keloidal skin disease caused by 
Lacazia loboi, is a zoonotic mycosis found in humans and dolphins, and is mainly 
endemic in the Atlantic coastal waters. Interestingly, L. loboi s a sister taxon with a 
close phylogenetic relationship to Paracoccidioides brasiliensis, which a highly 
pathogenic fungal species also endemic in Latin American countries. Although the 
Japanese coast is not considered as an endemic area, photographic records of 
lacaziosis-like skin lesions in bottlenose dolphins (Tursiops truncatus) migrating near 
the Goto Islands (Nagasaki Prefecture, Japan). 


We diagnosed 2 cases of lacaziosis in bottlenose dolphins (male 17 yrs. and 
female 5 yrs.) captured simultaneously at the same coast within Japanese territory in 
2007. They were diagnosed on the basis of clinical characteristics, cytology, 
histopathology, immunological tests, and detection of partial sequences of the 43-kDa 
glycoprotein coding gene (gp43) corresponding to those of P. brasiliensis with a 
nested-PCR system. 


The granulomatous skin lesions from the present cases were similar to those 
found in animals from endemic areas; containing multiple budding and chains of 
round yeast cells, and positive in the immune staining with anti P. brasiliensis serum 
which is a fungal species related to L. loboi, however, the gp43 gene sequences 
derived from the present cases showed 94.1% homology to P. brasiliensis, and 84.1% 
to L. loboi. 


We confirmed that the causative agent at the present cases was different 
genotype of L. loboi those from Amazon area. Some latent human cases of lacaziosis 
may exist in Pacific Rim countries. 
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Chytridiomycosis of amphibians, caused by the chytridpathogen Batrachochytrium 
dendrobatidis (Bd), is the emerging infectious disease implicated in the recent 
population declines and extinction of amphibian species worldwide. In the decade 
after its discovery in 1998, all isolated strains of Bd were shown to belong to a single, 
hyper-virulent clonal genotype. Recently, multiple groups have reported the existence 
of novel Bd genotypes, including the existence of a hybrid genotype from the Atlantic 
rainforest of southeastern Brazil. To investigate the population structure of novel, 
pandemic and hybrid lineages in this putative hybrid zone, pure isolates of pathogen 
strains were collected from Bd infected anurans at six field sites through the historical 
range of the Brazilian Atlantic rainforest. Isolates of Bd strains were genotyped by 
multi-locus sequence typing to assess the spatial distribution of Bd genotypic 
diversity. Genomes of newly collected endemic strains were Illumina sequenced for 
comparison with globally distributed pandemic lineages. Genome sequences allow 
parameterization of robust population models and are used to test hypotheses on the 
age of novel lineages and the effects of selection on separate populations. Insights 
gained from this investigation provide a framework to address the question of whether 
Brazil harbors ancient endemic diversity of Bd, and how selection and geography 
have shaped divergent pathogen populations in southern Brazil. 
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Environmental DNA monitoring is increasingly used for detection and surveillance of 
diseases and invasive species in aquatic environments. Here, sampled water volumes 
and downstream analyses are imperative for successful detection of infrequent target 
organisms. We have studied the spore abundance of the crayfish plague pathogen 
Aphanomyces astaci (Oomycetes) in water bodies with resistant carrier signal crayfish 
compared to waters with susceptible noble crayfish suffering from crayfish plague. 
We tested two large scale filtering approaches (depth filtration and ultrafiltration, 5-
100 L per sample, respectively) followed by A. astaci specific qPCR for spore 
quantification. Comparative analyses of crayfish and water samples demonstrated a 
significant positive association between A. astaci spore density in the water, pathogen 
prevalence in the corresponding crayfish population, and the crayfish tissue pathogen 
load. Signal crayfish areas typically contained low spore numbers, often less than one 
spore/L. In contrast, water samples from the outbreak area contained on average 43 
times moreA. Astaci spores/L. The sensitivity of the filtering techniques was 
evaluated using simulation of random events, and showed that an optimization of the 
spore recovery from ultrafiltration could yield a 10-fold increase in detection 
sensitivity. The monitoring approach is suitable for a range of research and 
management applications in nature and aquaculture, including studies of temporal and 
spatial sporulation dynamics, targeted disease surveillance, habitat evaluation prior to 
crayfish re-stockings, and water monitoring that can minimize disease transmission 
and spread. Our study emphasizes the need for optimized large volume filtering 
techniques for successful eDNAdetection of infrequent target organisms. 
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Abalone (Haliotis midae) exhibiting typical clinical signs of tubercle mycosis were 
discovered in South African abalone culture facilities in 2006, posing a significant 
threat to the industry. Since this initial outbreak, abalone tubercle mycosis (ATM) has 
been confirmed from juvenile and adult abalone at six facilities holding live abalone 
and more recently there has been an increase in the incidence of infection, specifically 
in abalone hatcheries. The fungus responsible for the outbreak has been identified as a 
Peronosporomycete, Halioticida noduliformans. ATM has most frequently been 
identified by visual inspection of epithelial lesions and histological examination has 
been used to confirm the presence of fungal hyphae. Since these diagnoses are 
accurate only when animals are exhibiting clinical signs, there remains an elevated 
risk for the spread of this pathogen. In this research, real-time polymerase chain 
reaction (qPCR), loop-mediated isothermal amplification (LAMP) and in situ 
hybridization techniques were developed and optimized to provide more rapid, 
sensitive and specific diagnosis of ATM in both clinically and sub-clinically infected 
animals that had been collected and preserved in various ways. Each method 
specifically detected only H. noduliformans, and no cross-reactivity was observed for 
related and non-related fungi isolated from seaweeds, crustaceans and healthy 
abalone. Both qPCR and LAMP detected less than 2.3 H. noduliformans spore 
equivalents in fresh, frozen and ethanol-fixed tissues, whereas in situ hybridization 
allowed for the detection of the fungus in paraffin-embedded tissue. Collectively, 
these techniques have facilitated management and routine diagnosis of tubercle 
mycosis of farmed abalone in South Africa. 
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Fungi play fundamental roles as decomposers, mutualists or pathogens of animals and 
plants. The kingdom Fungi comprises some 105 described species (excluding 
synonyms), but the global richness is estimated at 1.5 to 5 million species, rendering 
Fungi the second most diverse eukaryotic group after insects. Most of the undescribed 
fungi are thought to be endophytes and soil-inhabiting saprotrophs in tropical 
ecosystems. We collected around 15,000 soil samples from nearly 400 plots in natural 
vegetation across the world. By using pyrosequencing data from these soil samples, 
we demonstrate unprecedented richness of fungi that greatly expands upon the 
molecular and taxonomic diversity hitherto recorded. At the global scale, richness of 
fungal functional groups appears to be unrelated to plant diversity, except in 
ectomycorrhizal symbionts. The fungus to plant richness ratio grows exponentially 
towards the poles, highlighting strong biases fungal diversity estimates performed 
previously. For most fungal groups, climatic factors and, to a lesser extent, edaphic 
variables constitute the strongest predictors of fungal diversity and community 
structure in the world. We also demonstrate that Fungi follow general biogeographic 
patterns previously outlined for animals and plants, such as the Rapoport’s rule and 
the latitudinal diversity gradient, with several marked exceptions in ectomycorrhizal 
fungi and multiple basidiomycete and ascomycete classes. These patterns of diversity 
and the relatively strong effect of climatic predictors especially precipitation suggest 
that fungi are vulnerable to climate change either directly or indirectly through altered 
vegetation. 
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Using the newly available genome for Eucalyptus grandis, we sought to determine the 
genome-wide traits that enable this host to form mutualistic interactions with 
ectomycorrhizal Pisolithus sp. and to determine how future predicted levels of carbon 
dioxide will affect this relationship. We analyzed the physiological and transcriptomic 
responses of E. grandis during colonization by different isolates of Pisolithus under 
conditions of ambient (400 ppm) and elevated (650 ppm) CO2 to tease out these 
genetic traits. I will present evidence from these experiments which show that E. 
grandis varies in its susceptibility to colonization by different Pisolithus isolates in a 
manner that is not predictable by geographic origin or the ITS-based phylogeny of the 
fungal partner. Further, I will discuss how elevated levels of CO2 alter the receptivity 
of E. grandis to Pisolithus, a change that is correlated to a dramatic shift in the 
transcriptomic profile of the root. These data provide a starting point for 
understanding how future environmental change may alter the signaling between 
plants and their ectomycorrhizal partners and is a step towards determining the 
mechanism behind previously observed shifts in Eucalypt-associated fungal 
communities exposed to elevated levels of atmospheric CO2. 
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Fleshy mushrooms with pores are classified in the Boletaceae (s.l.). Members of this 
family almost always form ectomycorrhizal symbioses in association with several 
families of angiosperms and gymnosperms. Because of this obligate relationship, the 
global occurrence of bolete species coincides with distribution of those plant families 
and is critical to understanding the biogeographic distribution of these fungi. 
However, processes of dispersal and migration are not always clear. Field exploration 
in remote habitats and phylogeographic studies have provided data to help elucidate 
apparent disjunct distribution patterns. Possible scenarios include long distance 
dispersal, community migration across land bridges (with possible symbiont change), 
or relictual continental disjunction. 
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The Fly Agaric, Amanita muscaria, (Agaricales: Amanitaceae) was first recorded in 
New Zealand in 1920, and it is now widespread throughout. We collected fruiting 
bodies of the mushroom and placed them in enclosed emergence traps to determine 
presence of fungivorous insects. There was a difference in the community of 
fungivorous insects between mushrooms from the North and South Islands; the 
endemic Mycetophila fagi (Mycetophilidae) was dominant in the South Island, while 
Psychodidae were common in the North Island. There was also a difference in 
communities of fungivorous insects between mushrooms sourced from under exotic 
and endemic host trees. Furthermore, the biodiversity of fungivorous insects on A. 
muscaria within endemic native beech vegetation was ca. three times greater than that 
within the exotic vegetation. These observations suggest that the greater diversity of 
fungivorous insects on A. muscaria in natural forests reflects the higher insect 
diversity found in natural forests compared to plantation forests. 







 95 


Invited speaker 4.2 
 


Fungi inside: geographical patterns of gut-inhabiting yeasts from wood-feeding 
passalid beetles 


Hector Urbina1,2* and Meredith Blackwell1 
 


1 Department of Biological Sciences, Louisiana State University, Baton Rouge, LA70803, USA 
2 Department of Evolutionary Biology, Evolutionary Biology Center, Uppsala University, Uppsala  


752 36, Sweden 
 
Several investigations focused on the description and characterization of the 
ascomycete and basidiomycete yeasts associated with the gut of wood-feeding insects 
indicate that fungi with extraordinary fermenting and decaying abilities of plant cell 
wall components inhabit this microhabitat. However, the factors that affect the fungal 
species richness and diversity within the insect gut are still poorly understood. The 
main objective of this work was to compare the changes in species diversity of 
ascomycete and basidiomycete yeasts isolated from the gut of wood-feeding beetles 
(Passalidae: Colleoptera) collected in Tropical and Subtropical forests in Southeastern 
Asia, Australia, Central and North America. More than 5000 yeast isolates were 
purified from more than 40 passalid species. Molecular identification and 
phylogenetic analyses were carried out using a multilocus dataset and physiological 
characterization was performed by classical means. This work showed that the 
passalid gut is colonized by several species of yeasts and in general, few fungal 
species show a persistent and dominant presence among host individuals collected in 
the same area, however, fungal species composition changed among localities. The 
presence of Scheffersomyces and Spathaspora yeasts capable of fermenting xylose 
and cellobiose were constant in all passalids studied, as well as wood-decaying 
basidiomycete yeasts in Trichosporon and Cryptococcus.  
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Within Hypocreales there exist three largely insect-pathogenic families of fungi, and 
there are numerous examples of host switching within these families. One such host 
jump occurred in the ancestors to the truffle parasites in genus Elaphocordyceps. The 
genus was so named, because most species are parasites of the truffles of the 
ectomycorrhizal genus, Elaphomyces [Eurotiales: Ascomycota]. There are, however 
several insect pathogens within the clade, and previous multi-gene studies found 
support for a mycoparasitic origin to the genus, with reversals back to insect 
pathogenicity. We present results of genome scale data from two insect pathogens, 
Elaphocordyceps paradoxa and Tolypocladium inflatum, and two mycoparasites, E. 
ophioglossoides and E. capitata, in the genus. These data suggest that these species 
have undergone a rapid diversification, with many genes having undergone 
incomplete lineage sorting. We also find support for the insect pathogens being the 
earliest diverging lineages within the genus and the mycoparasites forming the most 
derived clade within Elaphocordyceps. 
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Cold-adapted fungi are widely distributed in the cryopsphere where biosphere is 
constantly or seasonally covered with snow and/or ice. Fungi normally have different 
cells in their lifecycle; therefore, thermal dependence of fungal lifecycle stages is 
completely different from that of bacteria. We showed examples from fungi that the 
concept of “psychrophile” by Moria (1975) was not applicable and propose a new 
term “cryophilic fungi” for those that spend a certain life stage or whole life cycle 
(sexual and/or asexual reproductions) in cryosphere. Cryophilic fungi belong to 
various taxa. Oomycetes, Pythium spp. were reported to be less tolerant to chilling 
and freezing temperatures than other fungal taxa. Free mycelia and hyphal swellings, 
structures for survival of P. iwayamai lost viability after cycles of freezing–thawing. 
However, mycelia in host plants survived the treatment. Basidiomycetous snow molds 
produce extracellular antifreeze proteins, which attach to the surface of ice crystal to 
inhibit ice crystal growth. An ascomycete, Sclerotinia borealis prevails where soil 
freezing is severe. Mycelial growth rate on frozen plates at −1°C was faster than that 
on unfrozen medium at the optimal growth temperature of 4−10°C. S. borealis can 
grow at low water potential on media and an increase in intracellular osmosis 
enhances mycelial growth at low temperature. Though, as a whole, snow mold fungi 
can tolerate low temperatures to prevail under snow, strategies to adapt cryosphere 
differ from fungus to fungus according to the adaptability in their particular habitats. 
 







 98 


Invited speaker 4.3 
 


Eco-physiological aspects of fungi from high nitrogen environments in terrestrial 
ecosystems 
Akira Suzuki* 


 
Faculty of Knowledge Engineering, Tokyo City University, Japan 


 
Ammonia fungi represent an ecological group of fungi that occur in nitrogen-rich 
environments in terrestrial ecosystems. Spore germination of most ammonia fungi is 
induced and/or stimulated by the presence of high concentrations of ammonium ions 
under neutral to alkaline conditions, irrespective of their nutritional modes. Most 
saprobic ammonia fungi grow vigorously under high concentrations of ammonium 
ions. Some saprobic ammonia fungi grow slowly, but tolerate to high concentrations 
of ammonium ions. In contrast, ectomycorrhizal ammonia fungi cannot grow under 
high concentrations of ammonium ions, although they require high concentrations of 
ammonium ions for spore germination. This suggests that propagation of ammonia 
fungi is superior to that of non-ammonia fungi under ammonia-rich environments. In 
the field, ammonia-rich environments develop after animal urination and the 
decomposition of excrement and animal corpses. Ammonia fungi would be present at 
higher frequency due to spores and/or small pieces of mycelia (latent form) in non-
nitrogen rich environments because, as described above, ammonia-rich environments 
exist sporadically, mostly at a small scale under natural terrestrial conditions. Fungal 
communities in terrestrial ecosystems comprise various ecological groups of fungi, 
including colonizing fungus species and latent fungus species awaiting specific 
stimuli. 
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 The occurrence of fungi in the extreme of temperature is due to certain genetic 
and/or physiological adaptations. Thermophilic fungi that grow at 55ºC and fail to 
grow below 20ºC, and thermotolerant fungi that did not grow at 55ºC but grow after 
the shift back to 35ºC, are small groups in mycota that showed potential sources of 
enzymes with scientific and commercial interests. In this presentation, the 
significance of the thermophilic fungus Thermomyces lanuginosus, which was 
isolated in Thailand, on β-xylanase production will be described. In addition, 
diversity of Rhizopus and the production of glucoamylase and lactic acid production 
by thermotolerant Rhizopus strains will also be illustrated. 
 Eighty-eight strains of T. lanuginosus isolated from various ecological 
systems at different geographical regions of Thailand grew well at 50oC on YpSs 
medium. All strains produced cellulase-free xylanases with diversified thermostablity. 
Comparison of xylanase gene sequence of low and high thermostable β-xylanase 
producing T. lanuginosus indicated that amino acid in positions 76, 96 and 145 of 
xylanase molecule affected their thermostablity. In addition, strains of T. lanuginosus 
were able to divide into 4 groups based the soluble xylan hydrolyzing (SXH) and 
insoluble xylan hydrolyzing (IXH) enzyme activities in the supernatant obtained from 
5 day culture grown at 50oC in the liquid medium using corncob as substrate. The 
strains which exhibited high IXH enzyme activity illustrated high binding ability to 
insoluble xylan. Among these, T. lanuginosus THKU-56 produced considerable 
activity of insoluble xylan hydrolyzing enzyme with the highest stable. The optimal 
concentration of the active nutrients for xylanase production were 41 g/l of corncobs 
and 24 g/l of yeast extract, which gave a predicted and experimental yield of 526.7 
and 541 units/ml at 5 day culture, respectively. 
 Twenty-two strains of Rhizopus, had been isolated from Lookpang and Thai 
traditional rice alcoholic beverages. Two strains of Rhizopus sp., DMKU8 and 
DMKU36, which were able to grow on PDA at 45oC, were identified as R. 
microsporus-group using classification key of Schipper (1984). R. microsporus 
DMKU 8 produced glucoamylase with 333, 474 and 484 units/ml in the liquid 
medium at 30, 35 and 40oC respectively. In case of lactic acid production, the 
thermotolerant strain, R. microsporus DMKU36 was able to produce lactic acid at 
various temperatures (35-42oC). The highest of lactic acid concentration and Yp/s 
were 47 g/L and 0.54 that obtained at 38oC in the defined medium using α- amylase 
liquefied cassava starch as substrate. 
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During the last decade lichens increasingly became the focus of 
astrobiological research as they represent highly organized symbiotic associations that 
are capable to tolerate extreme environmental conditions. These include high levels of 
photosynthetically active and ultraviolet radiation, infrequent water supply, drought, 
heat and cold. Thus lichens colonize the most extreme terrestrial niches in alpine, 
polar and arid habitats as the Antarctic Dry Valleys or the Atacama Desert. 


Their extremotolerance predestines lichens to assess the effects of non-
terrestrial abiotic factors as single and combined stressors in space or Martian 
simulation tests, but also in space exposure experiments. Remarkable knowledge was 
provided by experimental approaches including simulation tests on vacuum, Martian 
atmosphere, ultraviolet radiation (also in combination), on hypervelocity impacts as 
well as in a series of short- and long-term space exposure experiments as LICHENS 
II, LITHOPANSPERMIA, STONE, LIFE on EXPOSE-E/EuTEF and – recently 
launched – BIOMEX on EXPOSE-R2/Zvezda at the International Space Station. 
When analyzed by overall metabolic and photosynthetic activity as well as by 
germination and growth capacity, the results of these experiments consistently stress 
the potential of lichens to resist conditions associated to space exposure or 
space/planetary environment simulations. Additionally, recent studies characterized 
the essential adaptive traits that confer such resistance but also the peculiar effects of 
(simulated) space exposure on physiological processes such as photosynthesis. 


In extention to studies performed under terrestrial test parameters, the results 
from space and Mars simulation/exposure experiments provide valuable hints on the 
lichens' potential of resistance and adaptation towards extreme environmental 
parameters. From an astrobiological point of view, these studies assist to evaluate the 
likelihood of lithopanspermia, to understand the habitability of planetary 
environments and to support the search for life by re-appraising the limits and 
limitations of extremotolerant terrestrial life. The talk will cover the latest results and 
provide an overview over the field of astrobiological studies on lichens. 
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Global food security is threatened by the emergence and spread of crop pests and 
pathogens, amongst which pathogenic fungi are the most destructive. Spread is 
facilitated primarily by human transportation, but there is increasing concern that 
climate change allows establishment in hitherto unsuitable regions. However, 
interactions between climate change, crops and pathogens are complex, and the extent 
to which fungal pathogens have altered their latitudinal ranges in response to global 
warming is largely unknown. Using a large database of published observations of 
pathogen spread, we have shown that fungal pathogens have shifted their distribution 
polewards over the latter part of the 20th Century, in line with climate change 
predictions but counter to the expectations of observational biases among countries. 
We have quantified the degree of observational bias in known pest and pathogen 
distributions, and have estimate hidden pathogen presences in countries with lower 
scientific and technical capacity. Analysis is beginning to reveal how global 
distributions are shaped by climate and by host availability, and that fungi generally 
are more dependent on host distributions than climate alone. 
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Endophyte-plant symbiosis has become synonymous with “defensive plant 
mutualism” since the mid 1970s when livestock disorders in tall fescue were found to 
be attributable to alkaloids produced by fungal endophytes. Here, I demonstrate with 
recent research findings that in addition to fungal origin alkaloids, chemotypic 
diversity of the endophyte-grass symbiotum is far more complex involving cross-talk 
between endophyte and host cells, and signaling between plants, herbivores and their 
natural enemies. For example, accumulating evidence suggests that (1) reactive 
oxygen species (ROS) and antioxidants may play role in cross-talk between 
endophyte and host plant cells, (2) endophyte as a biotrophic parasite may hinder 
jasmonic acid (JA) pathway in endophyte-infected host grasses by inducing salicylic 
acid (SA) pathway, thus decreasing grass resistance to necrotrophic pathogens and 
chewing herbivores, and (3) endophytes may modulate emissions of volatile organic 
compounds which are suggested to play role in signaling between plants and serve as 
foraging cues for herbivores and their enemies. Thus, endophyte-grass symbiosis 
provides an excellent model to study microbially mediated multirophic interactions 
from molecular mechanisms to ecology.  
 
Reference:  
Saikkonen, K., P. E. Gundel and M. Helander (2013) Chemical ecology mediated by fungal endophytes 
in grasses. Journal of Chemical Ecology 39: 962-968. 
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Endophytism is one of the most successful plant-fungus interactions as revealed by its 
evolutionary age and occurrence in all divisions of plants. In the past few years, many 
studies have been made on the horizontally transmitted endophytes. Most of these 
investigations pertain to the ability of endophytes to elaborate novel bioactive 
metabolites thus underpinning their potential for technological utilization. So far, such 
an importance has not been given to understand certain fundamental aspects of 
endophytism which are highlighted in this talk. For instance, the universal occurrence 
of genera such as Colletotrichum, Pestalotiopsis, Phomopsis, Phyllosticta, and 
Xylaria as endophytes in geographically disconnected areas and taxonomically 
disparate plant hosts is intriguing. The cost and benefit for the plant and the fungus in 
this symbiosis remains largely unknown. Furthermore, endophytes have been viewed 
only as a subset of an ecosystem and thus knowledge regarding their role in 
modulating certain phenomena of their plant hosts such as ageing and ecological 
fitness is far from complete. With reference to the foliar endophytes, it is not known if 
there is any with-in leaf niche for their distribution or how the different genes of these 
fungi are regulated during endophytic and saprotrophic phases. The interaction 
between endophytes and leaves, endophytes and other leaf- inhabiting fungi, 
endophytes and phytophagous insects as well as inter- and intra- specific competition 
among endophytes are not clearly understood. Addressing these and other such basic 
questions about this unique relationship between plants and fungi would help to better 
harness the technological potential of endophytes. 
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Interspecific hybridization is common among plants and animals and may result in 
adaptive variation and increased diversity. However, little is known about 
hybridization among microbes or its ecological consequences. Many asexual, 
vertically-transmitted epichloid fungal endophytes inhabiting cool season grasses are 
of hybrid origin. Hypotheses for the prevalence of hybrid endophytes include 
increasing genetic variation for 1) infected host plants to cope with stressful 
environments or 2) novel alkaloids that increase resistance to herbivores. We tested 
these hypotheses with a native host grass, Festuca arizonica (Arizona fescue) via 
laboratory, greenhouse and field manipulative experiments, observations, and 
bioassays. Plants infected with hybrid (H+) endophytes outperformed and 
outcompeted non-hybrid (NH) infected and uninfected (E-) plants in low resource 
environments in the greenhouse, but performed better in the field under high nutrient 
and high water conditions. In addition, H+ plants were more resistant to aphid 
herbivores, as predicted by their alkaloid geno- and chemo-types. However, predators 
of aphids on H+ plants had reduced fitness and avoided H+ plants. Thus, the benefits 
of infection by hybrid endophytes may be counterweighed by negative effects on the 
third trophic level, and partially explain why H+ plants are less frequent than NH+ or 
E- plants in natural Arizona fescue populations. 
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Endophytic fungi of cool season grass species are known to deter herbivores from 
damaging agricultural grass hosts. Phloem feeding aphids show a fitness loss when 
feeding on endophyte infected hostgrass, but knowledge on the mechanisms are 
fragmentary. It is also unknown; whether responses of aphids differ under laboratory 
and field conditions and how higher trophic levels are affected by the presence of 
such endophytes. We showed in our experiments that alkaloids, like peramine and 
lolitrem b, which are produced by the Neotyphodium lolii – Lolium perenne 
association can be assimilated by phloem-feeding aphids. These alkaloids do not only 
occur in aphids, but also cascade up the food chain and might be responsible forstrong 
negative effects in predators and parasitoids of aphids reared exclusively on 
Neotyphodium lolii infected grass. However, strong effects of the fungus – grass 
association on trophic cascades in laboratory experiments could rarely be found in 
field experiments. Under field conditions aphid population soften depend on top down 
control and the environmental context, while higher trophic levels are mainly bottom 
up driven by the host grass biomass. We conclude that the alkaloids produced by the 
endophyte – grass association are responsible for fitness loss in different trophic 
levels, but that this effect is relatively low under field conditions. 
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Activity and dynamics of fungal decomposers in forest ecosystems 
Petr Baldrian 


 
Laboratory of Environmental Microbiology, Institute of Microbiology of the ASCR, Videnska 1083, 
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Forest topsoils represent environments with high C input via leaf and root litter, 
accummulation of dead wood and rhizodeposition. The fate of plant-derived C in 
these environments is important for the functioning of the whole forst ecosystem as 
carbon source or sink. The decomposition in this ecosystem is known to be largely 
mediated by fungi. Current methods, including the characterization of fungal 
communities, analysis of their gene pools, metagenomics, metatranscriptomics and 
metaproteomics give us a picture of fungal decomposition as a complex and dynamic 
process. Fungi are producers of a wide set of extracellular enzymes decomposing 
dead plant biomass in soils. The analysis obtained by metatranscriptomics and 
metaproteomics indicate that fungal contribution to the microbial activity in the litter 
and soil is between 15 and 35% with even a higher share or dominance in the 
transcription and production of enzymes involved in decomposition. Fungal 
communities involved in individual decomposition processes are distinct in distinct 
soil horizons and quantitatively redundant with individual genes being often 
transcribed by tens to hundreds of taxa. Fungal community functioning is highly 
affected by dynamic changes of the ecosystems including the succession on 
decomposing material, seasonality of soil activity, temporary changes in soil moisture 
as well as ecosystem-wide changes such as large scale ecosystem disturbances. 
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Participation of ectomycorrhizal fungi in decomposition 
Erica Sterkenburg, Karina E. Clemmensen, Alf Ekblad, Roger D. Finlay, Björn D. Lindah* 


 
Swedish University of Agricultural Sciences, Sweden 


 
Degradation of organic matter by ectomycorrhizal fungi would indirectly enable 
plants to control their own supply of nutrients from organic stocks. Evidence that 
mycorrhizal decomposition is quantitatively important would short-cut traditional 
models of nutrient cycling, which focus on nutrient mineralization by carbon limited 
saprotrophs and subsequent uptake of inorganic nutrients by plants. In a mixed boreal 
forest in Sweden, we conducted a trenching experiment, in which tree roots were cut 
around plots to exclude ectomycorrhizal fungi. Steel barriers prevented new roots to 
enter. After four years, we collected samples of the organic top-layer and measured 
activities of some central enzymes for organic matter degradation. Hydrolytic 
enzymes involved in cellulose and chitin degradation decreased in activity with depth 
and organic matter age. In contrast, the activity of oxidative Mn-peroxidases 
increased with depth, but only in control plots with ectomycorrhizal fungi present. In 
trenched plots, Mn-peroxidase activity was primarily detected in the uppermost litter 
layer, where saprotrophic fungi dominate. These observations show that oxidation of 
the more processed humus layers depends on ectomycorrhizal fungi, whereas 
saprotrophic hydrolysis and oxidation is restricted to relatively fresh plant litter. We 
postulate that the long-term turn-over of organic matter in boreal forest soils is driven 
primarily by a mycorrhizal demand for organic nitrogen, rather than by a saprotrophic 
demand for carbon. 


 







 110 


Invited speaker 4.6 
 


Endophytic communities in ageing and dead attached leaves – do they set the 
stage for later litter decomposition on the forest floor? 


Martin Unterseher 
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Nitrogen (N) fertilization frequently changes the biochemistry of 
decomposition in ecosystems. In low N systems, fertilization with mineral N can 
increase cellulose decomposition, reduce lignin decay and the activity of lignin-
degrading enzymes, and alter the community composition of decomposers. 
Nevertheless, it is unclear which groups of decomposers are responsible for changes 
in biochemical decay processes under N fertilization and how shifts in decomposer 
physiology may account for these changes. We addressed this issue by studying the 
community structure and function of fungi on decomposing litter of a model plant 
system, Arabidopsis thaliana for one year in control and N-fertilized plots in an 
Alaskan boreal forest. We measured fungal communities on the litters collected from 
the field with high-throughput sequencing, then assessed function of individual taxa 
by re-sequencing the fungal communities after incubation of decomposed litter with 
pure substrates. We then categorized OTUs as ectomycorrhizal or saprotrophic based 
on current knowledge of metabolic lifestyle of the BLAST matches for each 
individual taxa. We hypothesized that 1) N fertilization increases cellulose decay by 
selecting for cellulolytic-saprotrophic fungi that compete well for N and 2) N 
fertilization reduces lignin decay when ligninolytic-saprotrophs or peroxidase-
producing, protein-degrading ectomycorrhizal fungi are outcompeted by cellulolytic-
saprotrophs. 


N fertilization caused a shift in decomposer community composition (P = 
0.021) that coincided with increased cellulose loss from litter (P = 0.0382) and 
reduced lignin losses (P = 0.0528), suggesting that cellulose degraders were 
competitively dominant under high N availability. No shifts in the relative abundances 
of saprotrophic or ectomycorrhizal functional guilds were observed. Instead, changes 
in community composition were associated with shifts in specific taxa with unique 
functional profiles. After 2 months of decay, changes in the abundance of saprotrophs 
under N fertilization were negatively associated with the ability to degrade sucrose (P 
= 0.017) and marginally positively associated with glycine uptake (P = 0.077). There 
were no detectable shifts in the community composition of saprotrophs with different 
functional profiles under N fertilization after one year of decay. Instead, 
ectomycorrhizal fungi that decomposed glycine increased in abundance under N 
fertilization (P = 0.012), while ectomycorrhizal fungi that degraded pure lignin 
declined under N fertilization (P = 0.008). These results challenge the conventional 
view that declines in lignin decomposition and oxidative enzyme activity under N 
fertilization result from shifts in saprotrophic fungal abundance and support the 
emerging view that ectomycorrhizal fungi are important regulators of the slow carbon 
cycle in soil. 
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How bacteria support the lichen symbiosis 
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Lichen symbioses are traditionally considered as mutualistic partnerships of fungi 
with algae/cyanobacteria. However, bacterial communities were more recently 
identified as stable and specific associates. We have explored the bacterial 
contributions to the symbiosis using the lung lichen Lobaria pulmonaria. 
Metagenomic and –proteomic data were comparatively assessed and visualized by 
Voronoi treemaps. This analysis was complemented with molecular, microscopic and 
physiological assays. We have found more than 800 bacterial species, which 
contribute multiple aspects to the symbiotic system, including essential functions such 
as i) nutrient supply, especially nitrogen, phosphorous and sulfur, ii) resistance 
against biotic stress factors (i.e. pathogen defense), iii) resistance against abiotic 
factors, iv)  provision of vitamins, v) fungal and algal growth support by provision of 
hormones, vi) detoxification of metabolites, and vii) degradation of older parts of the 
lichen thallus. Our findings suggest that the bacterial microbiome contributes to 
fitness of their lichen hosts and we argue that a strategy of functional diversification 
among lichen symbionts supports the longevity and persistence of lichens under 
extreme and changing ecological conditions. 
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The Peltigera membranacea metagenome suggests nutrient scavenging roles for 
endolichenic Proteobacteria 


Oddur Vilhelmsson 
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Although generally described as bipartite mutualistic associations of a fungus and an 
alga or cyanobacterium, lichens are also known to harbour species-specific 
communities of endolichenic bacteria, typically dominated by Proteobacteria. The 
functional roles and colonization mechanisms of these endolichenic bacteria are 
largely unknown. We investigated the bacterial community associated with Peltigera 
membranacea using metagenomic, genomic and culture-dependent methods. Analysis 
of 28,000 bacterial contigs from the Peltigera membranacea metagenome indicated 
the presence of a diverse community strongly dominated by Alphaproteobacteria and 
Betaproteobacteria. Functional analysis yielded multiple hits on several genes with 
putative roles in lichen secondary metabolite resistance, inorganic phosphate 
mobilization, biopolymer degradation and several other potentially important 
functions in thallus colonization and symbiosis. We have cultured and isolated from 
lichens representatives of most of the most prominent bacterial taxa indicated by the 
metagenomic analysis to be present in the P. membranacea thallus. Phenotypic 
analysis of selected isolates indicated that biopolymer hydrolytic activity is common 
among these bacteria, as is inorganic phosphate mobilization and nitrogen fixation, 
suggesting nutrient scavenging as a likely major role of the endolichenic microbiota. 
The genome of strain MEA010, a Variovorax sp. isolated from P. membranacea 
thallus, was sequenced and was found to contain a number of gene clusters potentially 
involved in degradation of various aromatic compounds, further supporting a possible 
nutrient-scavenging role for this member of the endolichenic microbiota. 
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Diversity of lichen-associated fungi in alpine communities by amplicon 
sequencing 
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Lichens are colonized by biologically and phylogenetically diverse fungi which occur 
conspicuously or cryptically in their thalli. Lichenicolous fungi develop diagnostic 
structures and symptoms on the host lichen, whereas endolichenic fungi occur 
cryptically. The lichenicolous fungi exhibit varying degrees of host specificity and 
have been recognised as parasites or commensals. However, there is still little 
knowledge about host specificity patterns presented by both lichenicolous and 
endolichenic fungi. We hypothesize that lichenicolous fungi could also occur 
cryptically in others than their known hosts. We test this hypothesis with a 
community-based approach using sequencing of the fungal ITS, fingerprint methods 
(SSCP) and culture isolates. Our study area is a particularly lichen-rich alpine region 
in the southern Austria (Koralpe). There we thoroughly sampled lichens from Alpine 
communities including uninfected thalli and those showing visible symptoms by 
infection with lichenicolous fungi. Our fingerprinting and culture results show that 
lichen thalli infected by lichenicolous fungi are also colonized by several other fungi 
which prevalently belong to Chaetothyriomycetidae and Dothideomycetes 
representing stress tolerant fungi and RIF. We demonstrate that lichens play a 
significant role as reservoirs of fungal diversity. 
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On-site nucleic acid based detection of fungal plant pathogens 
James Woodhall*, Jenny Tomlinson, Kate Perkins, Sioban Ostoja-Starzewska, Catherine Harrison & 


Neil Boonham 
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Nucleic acid-based methods can allow unequivocal detection of fungal plant 
pathogens in the laboratory. Recent developments have meant these methods have 
become more robust, faster and simpler enabling the possibility for testing to be 
carried out in non-laboratory conditions and by non-specialist staff. The ability to 
perform testing in the field eliminates the delay between sampling and obtaining a 
result, with the end user (e.g. grower, agronomist) undertaking the testing enabling 
disease management decisions to be made in the field and rapidly implemented. 
Several on-site detection technologies have been investigated by Fera, LAMP 
chemistry has been identified as particularly suitable. Its speed of amplification and 
tolerance of inhibitors enable a rapid result (30-40 minutes) and tolerance of inhibitors 
exhibited by LAMP enable it to be used with a simplified, rapid DNA extraction 
method. The development and deployment of on-site detection using LAMP assays 
will be discussed using several case studies for detecting fungi in plant and soil 
material. 
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Approximately 1500 samples from air/rain samplers, agricultural soil, contaminated 
watersheds and commodity washes have been processed using amplicon-based Next 
Generation Sequencing (NGS). Over 80 million sequences were generated by 454 
pyrosequencing technology for the bacterial 16S and fungal/fungi-like/nematode ITS 
rRNA gene. Automated classification, identification, and quantification pipelines 
using “off-the-shelf” software were developed to assess richness, community structure 
and fluctuation of biodiversity associated with a broad range of metadata variables. 
The analyses tested the hypothesis that pathogen dispersal pathways can be accurately 
monitored using NGS, with the potential to detect and manage disease threats before 
outbreaks occur. Three examples illustrate this potential while demonstrating the 
challenges hindering robust interpretation of NGS data: sampling method, universality 
versus resolution of the target gene region, taxonomic breadth and accuracy of 
reference sequence databases, and calibration of automated identification pipelines. 
Data analysed for three spore-traps showed collecting preference for many pathogen-
containing genera under different climatological conditions. The ITS barcode region 
failed to differentiate between a regulated and innocuous Tilletia species but 
successfully documented the widespread occurrence of Peronospora on soybean. The 
specificity of taxonomic assessments was enhanced using an in-silico oligo-probing 
pipeline. 
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delimitation in the lichen-forming fungal family Parmeliaceae (Ascomycota) 


H. Thorsten Lumbsch1*, Steven Leavitt1, and Pradeep Divakar2 
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A growing body of evidence suggests a substantial number of unrecognized species 
are likely hidden within traditional phenotype-based species in lichen-forming fungi. 
Molecular genetics has revolutionized our ability to assess traditional species concepts 
and provides additional tools for robust species delimitation. In this presentation we 
discuss the use of cohesion-based methods to better understand delimitation of species 
using examples from different genera of lichen-forming fungi, focusing on 
Parmeliaceae and how DNA barcode methods are used to confirm and rapidly identify 
the distinct lineages. The internal transcribed spacer (ITS) region has been chosen as 
barcode marker for fungi.  We tested the potential of ITS to identify distinct lineages 
in different species complex mostly in genera of parmelioid lichens, which is the 
largest group within Parmeliaceae. Our studies revealed presence of previously 
unrecognized lineages in a number of genera. 
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Fungi play vital roles in ecosystems and human life. They are important natural 
resources both ecologically and economically. Due to phenotypic plasticity and 
morphological stasis, many species of fungi are not easily recognizable based merely 
on morphological characters even for professional taxonomists, let alone for non-
experts. DNA barcoding has been widely favored for its higher sensitivity, accuracy, 
and objectivity. To establish a standard DNA barcode for fungi in China, much 
arduous work is ahead of us. First, many species in some groups of fungi, and even 
most species in other groups, are taxonomically not well studied and many fungi in 
such groups still either lack or have incorrect scientific names. Thus, taxonomic 
studies are urgently needed. Second, for DNA barcoding, effective markers should be 
screened and evaluated. In the last few years, several candidate markers have been 
tested for different groups of fungi. The markers have included the nuclear large 
subunit ribosomal RNA gene (nrLSU), the internal transcribed spacer (ITS) region, 
the translation elongation factor 1-alpha (tef1-a), the largest and second largest 
subunits of RNA polymerase II (rpb1 and rpb2), the mitochondrial cytochrome c 
oxidase 1 (COI), the mitochondrial large subunit of ribosomal RNA (mtLSU), β-
tubulin, and other genes (AAC, ACT, CAL, CDC48, CHS, COIII, EF3, GAPDH, GS, 
Hsp90, MCM7 and NADH2). Among them, ITS, tef1-a, rpb1, and rpb2 showed 
favorable prospects. Some groups of ascomycetes, such as Colletotrichum, the 
nectriaceous fungi and the morels, and economically important basidiomycete 
mushrooms, including some boletes and amanitas, have been the focus of barcoding 
efforts and have been recently barcoded. In comparison with the huge number of 
fungal species, however, the number of barcoded fungi is very low. Third, China 
needs to launch a major project for DNA barcoding of fungi. Chinese mycologists 
should collaborate with each other and with experts abroad to employ an integrated 
approach, including sample collecting, DNA sequencing, marker-screening, large-
scale data processing, detailed morphological characterization of the taxa with 
voucher specimens and high-resolution digital images provided by expert 
taxonomists. Such practices will provide opportunities to unveil a large number of 
new taxa and to accelerate research on fungal taxonomy.  
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Candida comprises the largest anamorphic genus of ascomycetous yeasts. The genus 
is highly polyphyletic as is clearly illustrated in the 5th edition of The Yeasts, a 
Taxonomic Study (2011, eds. C.P. Kurtzman, J.W. Fell & T. Boekhout). Some of the 
most prominent yeast pathogens belong to this group and it is likely that the 
phylogenetic placement in Candida blurs important differences, e.g. with respect to 
pathogenicity and susceptibility to antifungals. The question remains what the societal 
impact of changing the taxonomic concept of such an important genus will be, 
especially for clinicians and people working in the biotechnology industry. Here we 
will present data from a large multigene phylogeny study, that includes the ITS fungal 
barcode, for almost all accepted species of Saccharomycotina. The main aim of this 
study is to unify the taxonomy of these yeasts based on a set of ribosomal DNA and 
protein coding genes, including some novel developed barcoding regions. The future 
new taxonomy will be based on improved phylogenetic resolution of this multigene-
based phylogeny and the introduction of the one species-one name concept. 
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The order Mucorales constitutes a phylogenetically ancient group of predominantly 
fast-growing saprotrophic fungi. As pioneers on all kinds of wet organic materials, 
spoilage organism and ingredients of cheese and fermented soy products they 
represent a permanent part of the human environment. In the last 10 to 20 years there 
has been a considerable gain of interest for Mucorales worldwide because of a distinct 
increase of infections caused by this fungal group. Starting in 2007 biodiversity of 
Mucorales deposited in the CBS strain collection has been studied intensively by 
DNA barcoding. The ITS region proved to be a suitable barcoding marker in 
Mucorales that mostly can be sequenced directly and that discriminates a high 
proportion of morphospecies. However, phylogenetic analysis of the sequence data 
also revealed numerous deficiencies in the current classification of the Mucorales. In 
case of the genera Backusella, Rhizomucor and Zygorhynchus direct taxonomic 
consequences were justified only based on sequence data. As a further consequence of 
DNA barcoding results detailed taxonomic studies were initiated for the genera 
Lichtheimia, Mucor, Rhizopus and Syncephalastrum. In our presentation we will 
highlight how taxonomy and diagnostics of the Mucorales benefit from DNA 
barcoding. 
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Quantifying relative importance of deterministic versus stochastic processes in 
structuring communities has been a matter of vigorous debate for over a decade, yet it 
has received little attention in ecological studies of fungi. Here we examine distance-
decay patterns in communities of prominent fungal taxonomic and functional groups 
to disentangle the relative effects of niche-based factors (i.e. vegetation and soil 
parameters) and neutral dynamics. From three boreal forest sites with rather 
homogeneous vegetation, we collected 123 soil samples in a nested design with lag 
distances ranging from 0.06 to 64 m. We performed pyrosequencing analysis of ITS 
for detecting OTUs. Our analysis revealed significant distance decay in fungal 
communities in all three sites; however, contrasting results were obtained for different 
fungal groups. We detected significant distance decay for Basidiomycota across all 
the three sites, but weak distance decay patterns for other fungal phyla (i.e. 
Ascomycota, Chytridiomycota and Zygomycota). Among functional groups, 
pathogenic and saprotrophic fungi showed no apparent spatial structure; however, 
ectomycorrhizal fungi (particularly members of Agaricomycetes) were subject to the 
strongest distance decay. Environment had a negligible direct influence on 
communities, except vegetation composition with significant effect on 
ectomycorrhizal fungi. These results suggest fundamental differences in dispersal 
mode and spatial structure among fungal functional and taxonomic groups. Our data 
collectively suggest that neutral dynamics (drift and dispersal) overwhelm 
deterministic processes in shaping fungal communities at small scales. 
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Recent progress in sequence-based classification of Fungi 
David Hibbett 
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Molecular data are routinely used to discover fungal taxa, but it is not possible to 
formally describe fungal species based solely on sequence data under the Code. 
Objections to naming species based on sequences are based (in part) on a 
misunderstanding of the function of the Code, which is to promote stability in the 
application of names, not to guarantee that taxonomic hypotheses are correct. To 
integrate names-based taxonomy and sequence-based knowledge about fungal 
diversity, a series of actions will be necessary: (1) Communities of fungal systematists 
should develop clade-specific criteria for sequence-based species description. (2) A 
series of “demonstration papers” should be produced that present worked examples of 
sequence-based species descriptions. (3) Taxonomic databases should be encouraged 
to take up sequence-based species names, perhaps with a suffix to indicate their 
provisional status (nom. provis.). (4) Mycological journals should adopt policies 
allowing sequence-based species description. (5) Taxonomists working with physical 
specimens who rediscover a species that was described based on sequence data should 
be encouraged to validate the sequence-based name, ideally in collaboration the 
author of the sequence-based name as an authority. These measures, while falling 
short of creating formal Code-compliant names, would effectively establish a protocol 
for sequence-based species description, and would integrate sequence-based names in 
the taxonomic dataflow. To ensure broad acceptance, and to guarantee priority of 
sequence-based names, it will be necessary to modify the Code, perhaps by allowing 
an alignment and phylogeny to serve as a type for nomenclatural purposes. 
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Fungi are considered the primary decomposers of plant-derived carbon in terrestrial 
ecosystems due to the production of wide range of extracellular enzymes that allow 
them to attack the lignocellulose matrix in litter. In this study we used amplicon 454-
pyrosequencing of the rDNA-ITS region coupled with ergosterol and enzyme assays 
to explore the vertical stratification and seasonal changes of soil fungal 
communityand its development over 2 years of litter decomposition in temperate 
forest (Quercus petraea). In this study we showed that fungal community is 
significantly affected by soil depth and by season. Fungal activity, biomass and 
diversity decreased substantially with increasing soil depth. The highest enzyme 
activities were detected in winter, especially in litter, where these activities were 
followed by a peak in fungal biomass during spring. The litter community exhibited 
more profound seasonal changes than did the community in the deeper horizons. In 
the litter, saprotrophic genera reached their seasonal maxima in autumn, but summer 
typically saw the highest abundance of ectomycorrhizal taxa. Although the 
composition of the litter community changed over the course of the year, the mineral 
soil showed changes in biomass. During the plant litter decomposition fungal 
community underwentrapid succession with dramatic changes in its composition and 
most of the abundant taxa only temporarily dominated in the substrate. Sequences 
assigned to the Ascomycota showed highest relative abundances in the early stages of 
litter decomposition. In contrast, the relative abundance of sequences assigned to the 
Basidiomycota phylum, particularly basidiomycetous yeasts, increased with time. 
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The fitness and adaptation of plants and animals are often defined by their associated 
microbiomes. However, the assembly clues of eukaryotic microbiomes, such as foliar 
fungal endophytes, are poorly understood. Here we show that the interaction between 
environmental and host genetic factors shapes eukaryotic (fungal) microbiome 
assembly, similarly to host-associated bacteria. We exposed genotyped balsam 
poplars and their foliar fungal endophytes to assisted poleward range shift and 
artificial atmospheric warming in common garden experiments. We identified fungal 
operational taxonomic units by deep ITS rDNA metabarcoding. We recorded that 
range shift and heating both strongly impact the diversity and composition of the 
foliar fungal microbiome. Foliar fungal endophyte communities were less diverse and 
more dominated by known pathogenic fungi in the southern common garden, in 
comparison with communities from the northern garden. However, the endophyte 
communities in the north became more similar to communities from the south after 
exposing them to artificial atmospheric warming. The results suggest that the 
functional changes in the foliar microbiomes may affect host fitness under climate 
change conditions, including a temporary release of hosts from fungal pathogens after 
poleward range shift. Environmental change differentially affected foliar fungal 
communities depending on host genetic identity. Endophyte communities of poplars 
from the southern deme reacted more strongly to range shift and heating than 
endophytes of poplars from the northern deme. This suggests that host genetic 
composition has to be considered when evaluating the effects of climate change on 
host-microbiome interactions. 
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Arthoniomycetes are a very diverse assemblage of taxa ranging from black yeasts to 
large conspicuous fruticose lichen-forming fungi. Considerable progress has been 
done in the phylogeny of this class in recent years. The order Lichenostigmatales is 
recovered as a strongly supported non-lichenized lineage at the base of the phylogeny 
and may represent a transitional group between the Arthoniomycetes and the 
Dothideomycetes, but with clear affinities to the Arthoniomycetes. The order is 
characterized by cells multiplying by budding and includes species of black yeasts or 
species in which conidiomata and ascomata are entirely made of an organized 
agglomeration of spherical yeast-like cells. The order Arthoniales is primarily 
composed of lichenized taxa. Six families were recovered in this order, but 
morphological characters such as growth form, fruit body type, exciple, ascospores 
colour and chemistry were found to be of limited use in delimiting families and 
genera, which indicates an unusual level of plasticity. Most of the genera were 
paraphyletic/polyphyletic. For instance, species of the genus Opegrapha fall into the 
five main clades of the order Arthoniales. As a consequence, many new generic 
clades are revealed in the order. Molecular data were also useful to find the closest 
relatives of several lichenized hyphomycetes and lichenicolous coelomycetes. 
Moreover, detailed multilocus phylogenetic studies in previously well-studied 
lichenized genera such as Dirina and Roccella, lead to an important increase in the 
number of species. Endemism usually considered as being low in lichen-forming 
fungi, is shown to be high in these genera. 
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We are studying the genera of Dothideomycetes in order to provide a natural 
classification. This has involved studying the types of most genera in the class, 
making new collections from Europe and Thailand and using existing and novel 
sequence data in our phylogenies. We will present an expanded multi-gene phylogeny 
for more than 400 isolates and 22 orders including 64 families (the current accepted 
families are 105) in Dothideomycetes. Selected families will be illustrated with 
descriptions and notes, including asexual and asexual states. Each family is provided 
with at least one figure-plate, usually illustrating the type genus, a list of accepted 
genera, including asexual genera, and a key to these genera. This study is providing a 
working document on Dothideomycetes which can be modified as new data comes to 
light. It is hoped that by illustrating types we provide stimulation and interest so that 
more work is carried out in this remarkable but confusing group of fungi. One of the 
problems with using existing data in public databases is that it is often a name and 
there is no way to establish that it has been correctly identified. We have launched a 
“ faces of fungi”, website for the fungi with the aim of putting faces to the fungi. Not 
only will names have characteristics linked to sequence data, but they will also be 
given human attributes. Thus roles, such as, industrial relevance, quarantine and 
chemistry will be included in fungal profiles. We hope this web page will provide a 
comprehensive one stop shop where details of fungal genera and species, molecular 
data as well as their roles and industrial relevance can be sourced. 
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The Lichinomycetes, with ca. 350 spp., is one of the least understood lichen-forming 
fungal groups in the world. The species form gelatinous lichen symbioses with 
cyanobacteria and are often inconspicuous but ecologically important. It currently 
comprises one order in which four families are recognized: Gloeoheppiaceae, 
Heppiaceae, Lichinaceae and Peltulaceae. However, delimitation and main 
phylogenetic relationships between families have not been tested thoroughly using 
molecular data. Generic circumscription is another major challenge within the group. 
The family Lichinaceae alone contains almost 40 genera, and there are substantial 
differences among many of them. Main diagnostic characters are type of photobiont, 
thallus morphology and anatomy, ascoma ontogeny and ascus structure, but some of 
these characters can occasionally overlap, be ambiguous or symplesiomorphic and 
cannot be used to delineate natural groups. A combination of molecular, 
morphological and ecogeographical data is needed to propose a well-supported 
systematic treatment of the Lichinomycetes. In this study, we develop a 3-gene 
phylogeny (mtSSU, mcm7 and RPB2) including a dataset covering a broad selection 
of taxa within the Lichinomycetes. This will serve as a basis to delimit natural groups 
(family and genera), to understand the evolutionary relationships between them, to 
study character evolution of selected traits and to detect synapomorphic characters. 
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The Sordariomycetes comprise a diverse range of nonlichenized fungi characterized 
by perithecia and thin-walled, inoperculate unitunicate asci, although non-ostiolate 
ascomata and prototunicate asci have been derived numerous times. The class 
includes more than 1100teleomorph genera with over 10500 species and represents a 
wide range of ecologies including saprobes, coprophilous fungi, endophytes, animal 
and plant pathogens and mycoparasites.The Sordariomycetes are rich in anamorphs 
represented by a significant diversity of hyphomycete and coelomycete species. At 
this time the supraordinal classification of the Sordariomycetes is established and 
more or less stable. Thanks to efforts of taxon and gene sampling the class is resolved 
as a robust monophyletic clade comprising 20 orders and68families. Despite the 
increase in DNA data, numerous unresolved nodes remain and not all orders, families 
and generic types have been incorporated in molecular phylogenies. A number of life 
histories remain to be discovered and often species based on ancient specimens need 
to be recollected for DNA work. The talk will address the main challenges in the 
study of this class and focus on several orders, families and genera with major 
changes in classification and on others, whose placement remains elusive. 
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The term ‘sequestrate’ is used in fungal biology to encompass a highly polyphyletic 
assemblage of fruit-body morphologies where the fruit-body is typically hypogeal, the 
hymenium remains enclosed and the spores are passively dispersed. The evolutionary 
stimuli that drives sequestration is still unknown but hypotheses include protecting the 
spores from desiccation or saturation, or may be related to the often close association 
of sequestrate fungi with ectomycorrhizal hosts and animal spore dispersers. This 
study applied molecular dating techniques in a meta-analysis of available phylogenies 
that contained Agaricomycete sequestrate taxa from Australia. The node heights of 
the sequestrate taxa were compared with dates of aridification and diversification of 
ectomycorrhizal hosts and potential mycophagist spore dispersers in Australia. 
Chronograms were constructed using BEAST and dated using secondary calibration. 
Thirteen lineages (e.g. Hydnangiaceae, Hysterangiales) were included in the dating 
analysis, contributing 23 crown nodes and 59 stem nodes of sequestrate taxa. The 
emergence of sequestrate fruit-bodies in Australia occurred on average by 14 Mya 
according to the ages at crown nodes (stem nodes averaged 21 Mya). This coincides 
with the timing of the drier climate following Australia’s separation from Antarctica 
ca. 32 Mya as well as the radiation of potential host trees, such as Eucalyptus, 
approximately 25 Mya. However, a number of sequestrate taxa were present in 
Australia prior to its separation from Antarctica with the oldest sequestrate lineage, 
the Hysterangiales, present by the late Cretaceous. 
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Boletes are important both ecologically and economically due to their 
ectomycorrhizal symbiotic relationships with plants, their edibility and the poisonous 
nature of some species. Fungal taxonomists in China and western countries have 
studied Chinese boletes for more than a hundred years. To date, more than 35 genera 
and nearly 500 species, representing about half of the globally known bolete genera 
and one third of the species, have been reported from China. Among them, about half 
of the Chinese boletes were identified as species originally described from Asia, while 
around 30% and 20% of the species were originally described from North America 
and Europe, respectively. To verify the identity of Chinese boletes, and to understand 
their phylogeny and evolution, we have collected specimens of boletes in many parts 
of China during the past few years and have received loans of specimens from Europe 
and North America. Our morphological and molecular studies have revealed seven 
major clades within the Boletaceae. A new system of classification of this fungal 
family was thus proposed, introducing four new subfamilies, as well as a subfamily-
level clade, and redefining the boundaries of two previously proposed subfamilies. 
Our data indicate that boletes in China are diverse in their morphology, ecology, 
distribution and taxonomy. Although a limited number of Chinese boletes are 
Holarctic, Eurasian or Asian-North American in distribution, the remaining taxa, most 
of which are new to science at the species or even generic level, are restricted to Asia 
(especially to eastern Asia). Divergence of closely related species pairs in the 
Northern Hemisphere in different clades appears to have taken place many times.   
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Among ammonia fungi (Sagara 1975), Hebeloma spp. appear at high frequency in 
most studied sites. In west Pacific, the distribution of hebelomatoid ammonia fungi 
could be supposed by 5 group pattern: the cosmopolitan H. spoliatum, the East Asian 
H. radicosoides and H. lactariolens, the Asian Northern Hemisphere H. 
vinosophyllum, the Austral H. aminophilum and the Okinawan endemic H. luchuense. 
We aimed to improve this pattern by the phylogenetic analysis, the temperature 
adaptation and the bioassay of ectomycorrhiza (ECM) formation with common host 
plants in west Pacific such as Quercus serrata, Pinus densiflora, P. kesiya, and 
Eucalyptus spp. Except the case of endemic fungus H. luchuense, the ECMs were 
formed in all fungus-host combinations and the asexual spores were found in all 
Northern Hemisphere species. The new 4 group pattern of hebelomatoid ammonia 
fungi in west Pacific was supported by both physiological characteristics and 
phylogenetic analysis. The first group consists of Northern Hemispherical H. 
vinosophyllum and H. lactariolens which belong to Porphyrospora clade, adapt to 
higher temperature, easily form in vitro basidiomata. The second is Autral H. 
aminophilum which belongs to same Porphyrospora clade but adapts to lower 
temperature, can form only immature in vitro basidiomata. The third is Middle-South 
Japanese H. radicosoides, and the fourth is Okinawan H. luchuense. Both are related 
to Theobromia clade and have no record of in vitro basidiomata.  
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Methods to reveal fungal diversity have been developed through the advances in 
technology from fruit-body collection (FBC), culture isolation (CI) and recent 
environmental DNA analysis (EDA) by DNA cloning and next-generation sequencers. 
Using single methods, it is almost impossible to fully investigate fungal diversity but 
using a combination of methods can compensate for the shortcomings of single 
methods. This study aimed to uncover the diversity of wood decaying Dacrymycetes 
in a forest ecosystem by using FBC, CI and EDA in combination. A40 × 40m plot was 
established in a Pinus densiflora forest (36°15’N, 140°05’E; alt. 100 m) in Japan and 
Dacrymycetes fruit-bodies occurring on the pine branches were collected monthly 
from May 2013 to April 2014. At the same time, the decaying branches were collected 
and their pulverized particles (100–200 µm)were gathered with a wet sieve shaker and 
washed. The particles were dispensed into microplate wells (two/well) containing 
agar media and appearing colonies of Dacrymycetes were isolated. Inthe EDA 
approach, DNAwas extracted from the particles and the LSU rRNA gene was 
sequenced by DNA cloning. Results showed that nine operational taxonomic units 
(OTUs) not found by FBC were detected by CI and EDA. Among them, three OTUs 
not detected by EDA were isolated by CI and they included a nearly branching 
lineage. This study found that the culture isolation from washed particles is a 
powerful method for exploring hidden wood decomposers. 
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Japan consists of four large islands and many others that form a line from northeast to 
southwest, approximately 45˚N148˚E to 24˚N122˚E. Since the northern part belongs 
to the subarctic zone and the southern part to the subtropical zone, Japan is rich in 
biodiversity; nevertheless, no comprehensive database of yeast species has been 
established for the country.  This study was undertaken to determine the species 
diversity of yeasts in Japan, and then to further understand species diversity by 
comparing results from our study with similar studies from the USA, European and 
other Asian countries. A total of 1021 yeast strains were isolated from soil samples 
and plant materials collected from Japan’s subtropical Iriomote Island and the cool 
temperate Rishiri Island. Based on sequence analyses of the D1/D2 domain of the 
LSU rRNA gene, these 1021 strains were tentatively classified into 183 species. 
Among these, approximately half of the total species isolated were assumed to be new 
species. The yeast species composition was statistically different between the two 
sites, and only 15 were common in both areas. We found several oleaginous yeasts in 
both Iriomote and Rishiri Islands. They were classified into several species with no 
common oleaginous species on the two Islands, indicating that member species varies 
according to the niche, although some of them might take on a similar role in the 
environment. 
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Ascomycetous yeast classification was re-shaped by multigene phylogenies to 
approach a system that reflects lines of decent. While sexually reproducing taxa have 
been revised systematically since Kurtzman & Robnett (2003, FEMS Yeast Research 
3: 417-432), asexual taxa, most prominently represented by more than 400 Candida 
species distributed through most ascomycetous yeast clades, have not yet been 
reclassified. The principle that each taxonomic group can bear only one correct name 
now also applies to fungi (Melbourne Code, 2011). It implies that asexual yeast 
classification needs revision to make genus membership consistent with phylogenetic 
affinity. Candida will be restricted to species that are related to the type species, 
currently C. vulgaris (syn. C. tropicalis), but intended to be changed to C. albicans. 
Certain Candida species may be assigned to sexual genera with high confidence by 
existing multigene phylogenies. Others may be linked into this phylogenetic frame 
using the D1/D2 LSU rRNA sequences that are known for practically all yeast 
species. Candida species that form well-circumscribed clades without teleomorph 
members justify the creation of new genera. Those that occupy isolated or long 
branches, hence cannot be assigned to larger species groups, should remain in 
Candida sensu lato until studied by multigene analyses in datasets with 
comprehensive taxon sampling. In the process to approach a natural classification of 
Candida and other asexual yeast taxa, care should be taken to avoid multiple 
reclassifications. 
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Our knowledge of the biodiversity of basidiomycetous yeasts is rapidly advancing. 
Species are being described with an increasing speed, and large parts of the biota on 
earth remain to be sampled with respect to yeast biodiversity, thus many more species 
await discovery. Many of the currently used genera in the basidiomycetous yeasts are 
highly polyphyletic and, consequently, the taxonomy of these yeasts needs to be 
revised. Here we will present results of a multigene phylogenetic study of most 
described and accepted basidiomycetous yeast species belonging to all three subphyla 
of Basidiomycota, Pucciniomycotina, Ustilaginomycotina and Agaricomycotina. The 
resulting phylogenetic trees identified two new classes in Ustilaginomycotina, namely 
Malasseziomycetes and Monilliellomycetes. The increased phylogenetic resolution 
will largely contribute to an improved circumscription of genera and higher taxa. 
Examples will be presented from all three subphyla with emphasis on the anamorphic 
genera Cryptococcus, Bullera, Rhodotorula and Sporobolomyces.   
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Until recently, most species of Laccaria were circumscribed as morphologically 
plastic, ecologically variable, and broadly distributed. Conservation issues were rarely 
considered since if a species was extirpated from one area there were many more 
populations of the species elsewhere.  However, application of phylogenetic species 
concepts to molecular data means we now know that species of Laccaria, like most 
species of Agaricomycetes have discrete ecologic and geographic distributions. While 
some species are broadly distributed, others have restricted ranges, hosts, and 
ecological preferences. Threats to narrowly distributed, specialized species can lead to 
greatly reduced population sizes or even extinction. Conservation assessments require 
data on a species geographic distribution, abundance, recent past and potential future 
change in population size, and potential threats. Our ongoing taxonomic revisions 
provide detailed information on species circumscriptions, distributions, and ecological 
preferences. We use the resulting data to identify species for conservation 
assessments, focusing on species that are narrowly endemic and/or show strong host 
or ecological specificity. We then work with local mycologists, professional and 
amateur, to obtain information on finer scale distributions, abundance, changes in 
abundance, population genetic variation and potential threats to the species. Gaps in 
knowledge of fungal diversity, distributions, phenology, and responses to threats 
continue to pose significant challenges to fungal conservation initiatives, but we have 
sufficient knowledge on an increasing number of species to make conservation 
assessments. These assessments will both identify species facing extinction threat and 
enable fungi and mycologists to play a larger role in regional, national, and global 
conservation activities. 


 







 140 


Invited speaker 6.1 
 


The Chinese caterpillar fungus - on the way to extinction? 
Paul F. Cannon* and Yi-Jian Yao 


 
*Royal Botanic Gardens, Kew, UK  


Institute of Microbiology, Chinese Academy of Sciences, Beijing, China 
 
The Chinese caterpillar fungus Ophiocordyceps sinensis is highly prized in the 
traditional pharmacopoeia in China and other Oriental countries. It is native to the 
Tibetan plateau and eastern Himalayan regions of India, Nepal, Bhutan and China. It 
has been harvested for centuries, but collection has increased dramatically in recent 
years. Attempts to cultivate the fungus along with its host insect have been 
intensifying, but to date pressure on wild-collected fungi has not abated. There are 
major concerns that the harvest is unsustainable, with anecdotal evidence suggesting 
that the species is in decline. Various conservation management measures are in 
place, but they are currently poorly coordinated and have uncertain impact. Very 
many people are economically dependent on its harvest and have no real alternative 
source of income, so its decline would cause extensive hardship. The science base on 
which conservation decisions must be made is inadequate, with poor knowledge on 
genetic diversity and host variation. Its harvest also has a major impact on the 
environment, including damage caused by erosion, gathering of firewood and 
disturbance of other species. Climate change may lead to desertification over much of 
its range. Its extinction might seem unlikely considering its wide distribution, but 
there are well-known cases of common and widespread species becoming extinct due 
to human intervention, and O. sinensis could also fall into this lamentable category. 
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Fungi are important natural resources for many Chinese people. A diversity of wild 
mushrooms are collected for food and/or medicine. Various species of wild edible 
and/or medicinal mushrooms occur in southern, central and northern China, thus 
people in different regions use different fungal resources. Over 60 species are 
currently exploited on a commercial scale. Besides their domestic use, some species 
of fungi have been become important commercial products and are exported to Japan, 
Italy, France, Germany, the United States of America, and to other countries. Due to 
overharvesting, environment deterioration, climate change and many other factors, it 
has been observed or estimated that populations of several species, such as 
Ophiocordyceps sinensis, Tricholoma matsutake and Tuber indicum, have been 
decreasing. The former two species are the only fungal species listed in the Chinese 
Red List of plants under state protection category ii. To rationally utilize and 
effectively conserve these natural resources, a Red List of mushrooms is urgently 
needed. The population size, geographic range, generation period, frequency of 
mature individuals and probability of extinction in the wild of many species are still 
largely unknown, making it impossible to accurately evaluate their status and to 
classify them within the IUCN categories. Some of the overharvested species may be 
mentioned here: Amanita manginiana, Boletus bainiugan, B. brunneissimus, B. 
meiweiniuganjun, B. obscureumbrinus, B. roseoflavus, B. shiyong, Cryptoporus 
sinensis, Engleromyces sinensis, Floccularia luteovirens, Gloeostereum incarnatum, 
Inonotus sanghuang, Lactarius deterrimus, L. tenuicystidiatus, L. hatsutake, 
Leccinum extremiorientale, Leucocalocybe mongolicum, Morchella importuna, 
Ramaria hemirubella, Russula griseocarnosa, Sarcodon aspratus, Scleroderma 
yunnanense, Termitomyces bulborhizus, and Thelephora ganbajun. It is also 
speculated that many species in need of conservation may be unexploited, poorly 
known and poorly documented. Many more taxonomic, biological and ecological 
studies on mushrooms are needed before a Red List of Chinese mushrooms can be 
prepared. 
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Common ash Fraxinus excelsior is a foundation tree species throughout temperate 
Europe whose future existence is threatened by the emerging fungal disease ash 
dieback. Given that this disease has spread rapidly throughout Europe and affects ash 
trees of all ages, and that mortality levels are high, F. excelsior and the many 
organisms dependent on ash are threatened. Threats to affiliates, such as epiphytic 
lichens, are generally poorly understood. Using data on epiphytic lichen diversity 
among 20 ash dieback infected F. excelsior stands on the island Gotland in the Baltic 
Sea, we projected local and regional lichen coextinction risks. Coextinction was 
strongly linked to local disease incidence levels and generally increasing with lichen 
host specificity to F. excelsior and decreasing population size. Ash dieback caused 
significant local reductions in species richness and shifts in lichen species 
composition. Associated lichens were projected to become locally extirpated before 
their host trees, highlighting the need to also consider various levels of host-tree 
declines. Considering all lichens in Sweden, we identified nine species as F. excelsior 
obligates (defined as having ≥80 % of their population on ash). Given that tree 
epidemics such as Dutch elm disease of Ulmus trees likely compound the ecological 
impacts of ash dieback, we identified 22 species as F. excelsior and/or Ulmus spp. 
obligates. Finally, we explore how current conservation strategies could potentially 
account for secondary extinctions associated with epidemic tree death. 
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With recent molecular phylogenetic and morphological studies, Graphidaceae now 
includes more than 2,000 species of lichenized fungi that span incredible ranges of 
morphological, chemical, genetic variation. In this talk, we will discuss sources of 
diversity and character evolution within this group of lichens. Based on current 
collecting effort and ecological parameters, we created a model that estimated a total 
of over 3,000 species in the family, leaving more than a thousand of species to be 
discovered. While a large portion of this gap can be addressed by increasing 
collecting efforts in certain areas, a high level of "hidden" diversity may also 
contribute to this observed gap. Molecular phylogenies of several groups, such as 
Graphis scripta s. lat, revealed many distinct genetic clusters without any clear 
morphological and geographical differences. The high level of genetic diversity of the 
family is also reflected in their dynamic nature of character evolution. Several 
characters, especially chemical trait, exhibit a high number of transformations across 
the species tree. Preliminary analyses on trait correlations and diversification will be 
discussed to further elucidate evolution of this enigmatic group of lichenized fungi. 


 
 







 144 


Invited speaker 6.2 
 


Recent taxonomic study on the family Graphidaceae in Vietnam 
Santosh Joshi and Jae-Seoun Hur*  


 
Korean Lichen Research Institute, Sunchon National University, Suncheon, 540-950, Korea 


 
The tropical evergreen forests are the key elements for the luxuriant growth of lichens 
in Southeast Asia. Vietnam occupies a large landscape with several topological 
variations offering countless varieties of niches for their inhabiting organisms. Being 
the part of Indo-Burma region, a vast diversity of corticolous, lichenized acomycetes 
have been noticed in the country. Available evidence suggests that the humid climatic 
conditions and evergreen forests of the country are a centre of active speciation. 
Several interesting species of lichens have so far been recorded and published. Until 
recently, lichen family Graphidaceae was overlooked and more or less imprecisely 
studied. In the recent years, the country was exhaustively explored for the collection 
of graphidoid taxa, and many interesting samples were identified as new discoveries 
and new country records. The collected Vietnamese material of lirellate taxa under 
Graphidaceae was studied for the genera Acanthothecis, Diorygma, Fissurina, 
Graphis, Platygramme, Platythecium, Pliariona, Sarcographina, and Thecaria. The 
genus Graphis was recorded for a maximum number of eleven species, and overall 
represents the country by seventeen species. The Fissurina lichens were recorded for 
five species in addition to four species reported previously. The genera Diorygma and 
Platygramme were earlier recorded for single species. In the recent collection five 
species of Diorygma and one species of Platygramme were added, in which D. 
archeri was a new discovery. The genera Acanthothecis, Platythecium, 
Sarcographina and Thecaria were described newly from Vietnam. Acanthothecis 
salazinica was a new discovery and A. corcovedensis was a record for the country. 
Platythecium was described for three species, while Thecaria quassiicola was the 
only report. Pliariona was reinstated for P. montagnei and separated from closely 
related Thecaria. The second world-wide record of the rare Sarcographina cyclospora 
was also studied in Vietnam. The status of thelotremoid group under the family is 
relatively poor and by far recorded only for Chroodiscus, Myriotrema, Thelotrema 
and Ocellularia. In comparison to the other neighboring tropical countries, 
Vietnamese Graphidaceae still requires much consideration. Indeed, out of c. 50 
genera in the family known world-wide, more than half remain uncollected, and in 
greater need of investigation in well preserved and undisturbed forests conditions of 
Vietnam. Intensive studies in unexplored and underexplored areas in due course will 
expose the exact status of Graphidaceae that presently represents the country by 
approximately fifty species. 
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Lichen diversity in India and its affinities with other Asian countries 
Sanjeeva Nayaka 


 
Lichenology Laboratory, CSIR-National Botanical Research Institute, Rana Pratap Marg, Lucknow-


226001, India 
 


As per the latest update India records a total of 2585 lichen taxa (2513 species, 
64 variety, 8 subspecies) distributed within 322 genera and 72 families. Out of the 
total about 23% of the taxa are endemic to India. Lichen biota of India is dominated 
by crustose lichen (1665 taxa) followed by foliose (706) and fruticose (211) forms. 
Most of the lichens were found growing on bark (1899), however a good number of 
taxa are also prefer saxicolous habitat (629). Among the different 
Lichenogeographical regions within India 'Eastern Himalaya and North-east India' 
records maximum number of lichens represented by 1253 taxa, followed by Western 
Ghats with 1209, and Western Himalaya with 972 taxa.  These three regions are 
considered as hotspots of lichen diversity in India. Among 35 States and Union 
Territories in India it is surprising to note that still there are no or scarce records of 
lichens from as many as 15 regions. Tamil Nadu and Uttarakhand states records 
maximum number of lichens with 812 and 810 taxa respectively. Tamil Nadu state 
not only includes biodiversity rich Nilgiri Biosphere Reserve within its territory, but 
also another interesting phytogeographic region Eastern Ghats also converges within 
this state. In the recent days there were more intensive exploration in Uttarakhand 
which produced at least four Ph.D. thesis. 


In comparison to other Asian countries India enjoys both tropical and 
temperate ecological conditions. Himalayas in the north has temperate to alpine 
environment extending up to cold deserts, while southern India represents pure 
tropical climate with Western and Eastern Ghats. Central India acts as transitional 
zone with elements from north and south. Vibrant climate, ecological conditions, 
geography and availability variety of microhabitats throughout the country are major 
reasons for high diversity of lichens in the country. Uniqueness of Indian lichen biota 
can be explained with the help of various lichen communities; for example the 
country has rich diversity of Pyrenocarpous (371 taxa), Graphidaceous (344) and 
Thelotremataceous (144) communities which are mostly tropical elements, where as 
Cetrarioid (43) and Usneoid (76) communities are of temperate elements. The country 
also harbour significant diversity of foliicolous lichens (140 taxa) occurring mostly in 
Eastern Himalayas. However, Parmelioid (206 taxa) and Physcioid (131) lichens 
exhibit mostly cosmopolitan distribution. 


The lichen biota of India is compared with some of the neighbouring Asian 
countries. After India China has the maximum diversity of lichens represented by 
about 2400 taxa. It is interesting to note that a total of 518 (30%) Himalayan taxa are 
common with China. Thailand is one the tropical country well explored for lichens 
which is represented by about 650 lichens, of which 190 (30%) are common with 
south Indian lichens. Geographically, Sri Lanka is actually a part Western Ghats, 
however both are never studied together for their flora and fauna. Sri Lanka represents 
about 1100 taxa of lichens of which 210 (20%) common with that of Indian part of 
Western Ghats. It clearly indicates that Western Ghats (including Sri Lanka) records 
highest diversity of lichens with approximately 2100 taxa. 
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Seasonal dynamics and interactions of fungal foliar  pathogens on tropical plants 
Meike Piepenbring1*, Tina Antje Hofmann2, Martin Unterseher3, Orlando A. Cáceres M.4 


 
1Department of Mycology, Goethe Universitaet Frankfurt am Main, Germany 


2Centro de Investigaciones Micológicas, Universidad Autónoma de Chiriquí, Panama 
3Institute of Botany and Landscape Ecology, Ernst-Moritz-Arndt University Greifswald, Germany 


4Centro de Investigaciones Micológicas, Universidad Autónoma de Chiriquí, Panama 
 
During a period of two years, fungi and plants were surveyed every month on a 500 m 
long trail in secondary vegetation in tropical lowland of western Panama (Chiriquí 
Province). The climate of this area is characterized by a dry season approximately 
from December to April of the following year, as well as a rainy season from May to 
November, with a total of about 3,400 mm precipitation per year. Species of fungal 
foliar pathogens mostly belonging to Capnodiales, Meliolales, Phyllachorales, 
Pucciniales, and thyriothecioid fungi were abundant all over the year, except for the 
beginning of the rainy season, when most plants exhibited new foliage. Most 
deciduous and brevi-deciduous trees of different species were devoid of leaves at the 
end of a strong dry season. Therefore, they significantly reduced the incidence of 
fungal foliar pathogens. Foliar pathogenic fungi usually co-occurred with saprotrophic 
or hyperparasitic fungi, the latter being most evident at the end of the rainy season. 
Pathogenic fungi were also recognized as secondary invaders following sucking or 
gall-forming insects and there were animals feeding on the fungi. Colonies of black 
mildews form complex micro-environments, where prolonged humidity seems to 
provide appropriate conditions for other fungi, algae, cyanobacteria and small 
animals, either as shelter or nutrition/feeding site. 
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Diversity and host-specificity of fungal pathogens on ants in Thailand 
Janet Jennifer Luangsa-ard*, Suchada Mongkolsamrit, Kanoksri Tasanathai, Artit Khonsanit, Donnaya 


Thanakitpipattana, Noppol Kobmoo, Wasana Noisripoom 
 


Microbe Interaction Laboratory, National Center for Genetic Engineering and 
Biotechnology(BIOTEC), Thailand 


 
Invertebrate-pathogenic fungi are important natural enemies of insects and other 
arthropods and their interactions have been shown to drive the dynamics of insect host 
populations. These fungi can be found in several phyla in the fungal kingdom and are 
concentrated in three major families in the Hypocreales: Clavicipitaceae, 
Cordycipitaceae, and Ophiocordycipitaceae. There are generalist and also specialist 
invertebrate-pathogenic fungal species known. Most of the fungi infecting ants are 
known to be specialists infecting only a specific ant species and are mostly found in 
the Ophiocordycipitaceae. The ants they infect are mostly in the genera Polyrachis, 
and Camponotus in the Formicidae. In the Ophiocordyceps unilateralis species 
complex many species show host-specificity while there are other species in the basal 
lineages that appear to have a broad host-range, infecting several ant species. These 
findings hint a generalist ancestry of this group of fungi and have later evolved to be 
specialists. In Thailand, most of the species infecting ants belong in the 
Ophiocordycipitaceae such as Ophiocordyceps unilateralis sensu lato, O. 
halabalaensis, O. irangiensis, O. myrmecophila O. pseudolloydii and Stilbella 
burmese. However, a new Cordyceps species on ant pupa and a Beauveria were also 
found in the Cordycipitaceae. 
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Describing mycodiversity before it is too late: microfungi on endangered plant 
species in Brazil 
Robert W. Barreto 


 
Departamento de Fitopatologia, Universidade Federal de Viçosa, 36570-000, Viçosa MG, Brazil 


 
Although fungi may represent the most diverse group of organisms and despite the 
absense of any evidence that they are a taxonomic group spared from the wave 
extinction resulting from environmental changes provoked by human activities, they 
remain poorly recognized as priorities for conservation policies. Only three fungal 
species remain listed as endangered or critically endangered in the Red List of 
Threatened Species (RL) of the IUCN. Such a lack of examples is a combination of 
lack of mycological knowledge in the nature conservation community with a 
traditionally poor commitment of the mycologists toward the subject of fungal 
conservation coupled with the practical difficulties of demonstrating the reduction in 
numbers and in the diversity for elusive and microscopic species.  Although it may 
appear a doubtful choice to chose investigating microscopic plant pathogenic fungi as 
a way to demonstrate the endangered status of fungi this strategy has a clear potential 
to contribute to the incorporation of further species in the RL. Many biotrophic plant 
pathogens and also some necrotrophic pathogens can have a high degree of host-
specialization and be entirely dependent on the existence of a single plant species for 
their survival. These are, therefore under clear threat of co-extinction. Intensive 
surveys of the mycobiota of five Brazilian plants species included in the official lists 
of endangered species are being performed. Those surveys have yielded numerous 
taxonomic novelties of high interest to mycology. Examples will be given for fungi 
collected on: Coussapoa floccosa, Euterpe edulis, Dimorphandra wilsonii, Dicksonia 
sellowiana and Caesalpinia echinata. The challenges and potential alternatives for 
providing convincing evidence of the endangered status of the fungi found associated 
with those plant species will be discussed. It is thought that such evidences will 
eventually emerge from the continuation of the work. Meanwhile, unique fungi are 
being collected, isolated and described contributing towards the expansion of the 
knowledge on fungal diversity and allowing for the in vitro conservation of some 
potentially endangered fungi.  
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Conservation translocationsof epiphytic lichens: take your time and hurry up 
Christoph Scheidegger* and Silvia Stofer 


 


Biodiversity and Conservation Biology, Swiss Federal Research Institute WSL, Switzerland 
 
Forest management and catastrophic forest stand disturbance frequently reduce small 
populations of rare and endangered tree colonizing lichen species below the size of 
viable populations. Immediate action is often required to save bottlenecked 
populations of species with a high conservation priority. During the past twenty years 
we have developed methods to transplant fragments of lichen thalli to increase the 
number of colonized trees in forest landscapes. We will show results of long-term 
experiments with the regionally vulnerable Bunodophoron melanocarpus, Lobaria 
pulmonaria, L. amplissima and Sticta limbata and discuss measures that can facilitate 
the success of population augmentations and conservation translocations. Recently we 
have developed mating-type specific markers to determine imbalanced mating type 
frequencies in small populations of the old-growth forest lichen Lobaria pulmonaria. 
Transplanting thalli with complementary mat-idiomorphs will be discussed as an 
instrument to increase the frequency of sexual reproduction in this mostly asexually 
reproducing lichen species. 
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The significance of human land use for European fungal diversity with a historic 
and evolutionary perspective 


Anders Dahlberg 
 


Swedish University of Agricultural Sciences, Sweden 
 
The statuses of fungal populations in Europe are increasingly, and often severely, 
affected by human activities and land use. However, the distribution and diversity of 
fungi Europe have been affected by humans not only today and during the last 
decades but significantly during thousands of years. In principal all terrestrial habitats, 
possibly except for alpine, arctic and the few remaining virgin forests, are largely 
shaped and the result of long human land use. Hence have also the conditions for and 
the occurrences of fungi been affected. 
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DNA fragmentation of herbarium specimens of lichens, and significance of 
epitypification for threatened species of Japan 


Yoshihito Ohmura*, Kunihiko Uno, Kentaro Hosaka, and Tsuyoshi Hosoya 
 


National Museum of Nature and Science, Amakubo 4-1-1, Tsukuba, 3050005, JAPAN 
 
A total of 107 lichen taxa are red-listed in Japan (EX 4; CR+EN 41; VU 19; NT 43 
taxa), including 27 endemic taxa mostly associated with natural forests of endemic 
trees or in calcareous rocky places. Those lichen populations are threatened by the 
loss of habitats or possible climate change. Extinction of these species makes it almost 
impossible to obtain DNA information vital in modern taxonomy and systematics. In 
such cases, herbarium specimens are the only source of DNA information. However, 
obtaining DNA from old specimens is difficult due to the fragmentation of DNA. To 
assess the degree of fragmentation, we examined the quality of DNA from 22 
specimens of Parmotrema tinctorum preserved in the National Museum of Nature and 
Science (TNS), Tsukuba, Japan, collected between 1880 and 2012, using Agilent 2100 
Bioanalyzer. The total genomes were found to be fragmented into ca. 500 bp after 10 
years, ca. 200 bp after 15 years, and <150 bp after 20 years. DNA in older herbarium 
specimens of lichens preserved in TNS are suggested to be more or less same 
condition. Therefore, designation of epitype based on more recently collected 
specimens, accompanied with molecular data as well as morphological and chemical 
data, is considered to be more practical. The epitype, arguably the most reliable 
reference specimen with DNA information, should be collected from the type locality 
to avoid genetic differences between populations as much as possible. Priority must 
be set to endangered and/or endemic species. 
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Forestry, research debt and the decline of oldgrowth-dependent green Sticta 
(Lobariaceae) in British Columbia, Canada 


Toby Spribille 
 


University of Graz, Austria and University of Montana, USA 
 
The temperate rainforest ecosystem (TRE) is a highly productive and species-rich 
biome that occupies less than one percent of the earth’s terrestrial surface area with 
disjunct patches in both hemispheres. Perhaps nowhere is this ecosystem more at 
threat than in western Canada, where large-scale industrial projects and recent 
deregulation of parks and preserves has opened up large swathes of once-protected 
territory for commercial exploitation. As a surrogate for the many rare lichenized 
fungi in British Columbia’s oldgrowth forests I will focus on a species pair in the 
Sticta wrightii group (= Dendrosticta) with striking morphology, unusual dimorphism, 
apparent dispersal limitation and obligate dependency on old forests. I will present the 
work of a collaborative team that has assessed the distinctness of western North 
American TRE S. wrightii populations of both morphotypes against Asian material 
using molecular methods and performed a remote habitat loss assessment using 
before-and-after Landsat imagery. I will show that the western North American 
populations are worthy of recognition as two species critically endangered by habitat 
loss and climate change. 
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Effects of forest managements on wood-inhabiting polypores 
Tsutomu Hattori*, Satoshi Yamashita 


 
Forestry and Forest Products Research Institute, Japan 


 
Wood-inhabiting polypores are considered a good target to evaluate forest conditions, 
because polypore biota is influenced by the characteristics of course woody debris 
distributed on the forest floor including tree species, size, and decomposition stage, as 
well as forest types, climate and other forest conditions. Our study data suggest that 
species composition and richness of polypores are different according to the forest 
types in a temperate area of Japan. It can be attributed to the host preference of 
polypores distributed in this area. Many species show high specificity or preference 
for certain tree genera namely Fagus, Quercus, and Castanea within the same region. 
Some species likely have strong preferences for large substrates i.e. fallen longs with 
large diameters. Species richness is high in old matured forests compared with 
younger forests, because those occurring on large longs and showing preference for 
Fagus spp. commonly found in old forests are scarcely found in young forests. 
Species richness in conifer plantations is much less than in broad-leaved forests, but 
some species are specific to plantations. Distribution of various forest types may 
enhance local level diversity of polypores. 
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What can Citizen Science tell us about host selectivity and species richness in 
wood-inhabiting fungi? 


Jacob Heilmann-Clausen 
 


University of Copenhagen, Denmark 
 
It is well known that some woody hosts are more important for biodiversity than 
others, and that wood-inhabiting fungi differ widely in their host specificity. Various 
hypotheses have been put forward to explain these differences. Based on citizen 
science data (83.000 fungal records with host information) collected in 2009-13 
within the Danish Fungal atlas, we investigate the importance of 91 genera of woody 
host for the biodiversity of wood-inhabiting fungi in Denmark. We use rarefaction 
curves and species richness estimators to standardise sampling effort, and test how 
host frequency, time since introduction, host architecture, wood chemistry and 
phylogeny affects overall fungal species richness and the prevalence of host specific 
fungi. Furthermore, we use ordination and network analysis to investigate how the 
abovementioned factors affect fungal species composition, and if host selectivity is 
more prevalent within some fungal lineages than others.  
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Molecular ecology or natural history? Both: approaches and toolbox 
Dmitry S. Schigel 


 
University of Helsinki, Finland 


 
Since the invention of microscope, macro- and microscopic mycology found ways to 
co-exist and to mutually enrich each other. Today, morphology or DNA can be used 
for species detection and quantification. Consequently, classic mycology and natural 
history develop in isolation from environmental sequencing and molecular ecology. 
The possibilities for interdisciplinary communication and joint efforts are hindered by 
lack of universal and commonly accepted vocabulary for unambiguous indication of 
species, OTUs or provisional species (species hypotheses). Our studies of coarse 
woody debris and living trees demonstrate the possibilities of gaining new insights on 
life strategies, colonisation processes, and on species successions in fungal 
communities. Time series of fruit body inventories, automated spore traps and 
chemical quantification of mycelia allow studying the entire life cycles of fungi. 
Several technical options are currently available to reconstruct spatial and temporal 
dynamics of fungal populations, at the same time transforming our views on 
interactions of single species of fungi with their environment. 
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Diversity of wood-inhabiting polypores in Southeast Asia 
Yamashita Satoshi 


 
Japan 


 
Diversity of wood-inhabiting polypores is expected to be high in tropical regions.We 
conducted field surveys in a primary lowland dipterocarp forest in Malaysia, to 
estimate the numbers of wood-decaying polypore species in a stand and to examine 
the effect of sampling effort on the observed species number. In total, 140 polypore 
species were recorded and 188 species were estimated. Thus, the number of species 
observed comprised less than 75% of the estimated number of species. More than 
80% of the total species were recorded by the end of the third sampling occasion. 
When sampling effort (area × sampling occasion) was fixed, more species were 
recorded by field surveys conducted over larger areas with less frequent sampling 
than those conducted over smaller areas with more frequent sampling. The numbers 
of species recorded in the present work were greater than those identified in temperate 
and boreal regions in previous studies. More reliable species richness estimates of 
wood-decaying polypores from various tropical regions are needed to gain a more 
accurate understanding of their global diversity patterns. Effect of changes in fungal 
community structure due to human activities in this region will be discussed. 
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The genus Xylaria 
Yu-Ming Ju 


 
Institute of Plant and Microbial Biology, Academia Sinica, Nankang, Taipei 11529, Taiwan 


 
Members of Xylaria are commonly encountered ascomycetes characterized by 
conspicuous stromata, peritheciate ascomata, unitunicate asci with an iodine-positive 
apical apparatus, and unicellular, dark ascospores with a germination slit. Molecular 
phylogeny showed that ancestral Xylaria species might have been coprophilous, 
whereas the majority of modern species are inhabitants of wood, leaves, and fruits, 
with only a small number of species still inhabiting feces-based termite nests. The 
diversity of the genus is considered high, having more than 700 proposed epithets. 
Many of these Xylaria epithets are associated with specimens that represent aberrant 
forms of well-recognized taxa. The genus was indicated by DNA sequences as 
consisting of three subgeneric taxa, subgen. Xylaria, subgen. Xyloglossa, and subgen. 
Pseudoxylaria, which are represented by X. hypoxylon, X. polymorpha, and X. 
nigripes, respectively. Only taxa in subgen. Pseudoxylaria have unifying features, i.e., 
small ascospores (< 7 µm long) and association with termite nests, whereas those in 
subgen. Xylaria and subgen. Xyloglossa are rather diverse in morphology and in 
habitat. While certain species aggregates can be readily recognized in each subgenus, 
many species are unique, bearing no apparent resemblance with those in the species 
aggregates. 
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Xylariaceae of Thailand 
Nuttika Suwannasai1 and Anthony J.S. Whalley2 


 
1Department of Biology, Faculty of Science, Srinakharinwirot University, Bangkok 10110, Thailand 


2School of Pharmacy and Biomolecular Science, Liverpool John Moores University, Liverpool,  
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The Xylariaceae is very well represented in Thailand with 26 genera already known. 
The family currently consists of 70 plus genera so that one third of the family has 
been found in Thailand. Since the early preliminary account of the family in Thailand 
(Thiranhirun, 1997) the number of researchers in this field is quite remarkable and 
perhaps has been stimulated by their ability to produce novel and often bioactive 
compounds. They are also exceptionally prominent as endophytes of many plant 
species. We shall outline the family in Thailand as is currently known but will 
concentrate on new or rare species. Aspects of their distribution worldwide and their 
ecology will also be presented. 
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Rosellinia - an exercise in biodiversity 
Liliane Petrini 


 
Switzerland 


 
Knowledge of the geographic distribution of Rosellinia spp. is still scant, because the 
current overview of their geographical distribution and diversity is almost exclusively 
linked to individual collecting activities, personal interests and the rather limited 
availability of study specimens. Rosellinia species were collected extensively in 
Europe, in particular in its subalpine areas. Otherwise mycologists were occasionally 
looking for them during expeditions in Brazil, Philippine Islands, and Indonesia; more 
rarely they collected them systematically and provided insight on species diversity 
especially in New Zealand, Ukraine, Far East, India, and Mexico. Pathogenic species 
of coffee, cocoa, or tea shrubs attracted the interest of plant pathologists in Sri Lanka, 
Central Africa and South America. Of the >140 species accepted, however, most are 
known only from the type specimen. Species with 15–40 µm long ascospores in the R. 
aquila and R. mammaeformis morpho-groups seem to inhabit preferentially temperate 
areas. Small-spored species are apparently absent in Europe. Most large-spored taxa 
with length: width ratio <4 are have been collected mainly in the Pacific Islands and 
Central Africa. Species morphologically close to R. necatrix and serious plant 
pathogens have been reported mainly from subtropical and tropical areas. Large 
species richness is described from Central Europe (including subalpine areas) Brazil, 
the Central African Republic, Luzon (Philippine Islands), and New Zealand. 
Molecular typing methods and study of additional specimens are needed to provide a 
more complete picture of the biodiversity and geographic distribution of Rosellinia. 
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Chemosystematics of the Xylariaceae 
Eric Kuhnert1*, Frank Surup1, Jacques Fournier2, Marc Stadler1 


 
1Microbial Drugs, Helmholtz-Centre for Infection Research, Germany 


2Las Muros, F-09420 Rimont, France 
 


The Xylariaceae are one of the largest families of the Ascomycota, showing a huge 
morphological diversity, as well as a real plethora of secondary metabolites. Up to 
now more than 400 different compounds were identified. As a natural defense against 
predators, herbivores and competing organisms, most of them show striking 
bioactivity, and some Xylariaceae metabolites have even made it into drug 
development. The evaluation of chemical profiles from fruiting bodies and cultures 
recorded by HPLC-DAD/MS, conducted on several thousands of specimens during 
the past 15 years, helped to recognize various new taxa. Not only the 
chemotaxonomic value, but even the phylogenetic significance of secondary 
metabolites profiles, was proven by a polyphasic approach combining morphological, 
molecular and chemical data. Our contribution will focus on recent results on the 
genus Hypoxylon and other hypoxyloid Xylariaceae (Bills et al., PLoS ONE 7(10): 
e46687,2012; Kuhnert et al., Fungal Divers 64: 181-203, 2014; Stadler et al., Stud 
Mycol 77: 1-143, 2014). 
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Diversity of Phyllachora species from the Cerrado: a first approach to the genus 
phylogeny 


Jose Dianese1,2*, Maria Desterro Mendes2, Leonardo Boiteux3, Maria Esther Fonseca3, Paulo Câmara4 
 


1Departamento de Fitopatologia, Universidade de Brasília, Brazil 
2Dep. de Fitopatologia, Universidade de Brasília, Brazil 


3Embrapa Hortaliças, Embrapa, Brazil 
4Dep. de Botância, Universidade de Brasília, Brazil 


 
Within the biotrophic Sordariomycetes that belong in the Phyllachorales 
(Phyllachoraceae), the members of the genus Phyllachora show morphological 
characteristics in terms of host specificity, pseudostroma color and texture, presence 
of black clipeus, asci and paraphyses, that suggest it to be a monophylletic group. 
Recent studies developed at the University of Brasilia together with researchers 
belonging to Embrapa- Hortaliças/Brasília clearly indicated that the group detains a 
great diversity as demonstrated through ITS-phylogeny that led to 4 separate clades 
even when considered exclusively species infecting myrtaceous hosts native from the 
Brazilia savanna (The Cerrado), compared with the type-species P. graminis and P. 
qualeae. The ITS data was statistically well supported and in addition exhibited 
uniform morphological features within the four clades and within genus hosts, when 
also considered the shapes of stromata, asci, ascospores, and host species. Thus, these 
recent data indicated the possibility of the genus Phyllachora to be split in others 
genera, and also allow for the reinstatement of the genus Catacauma. 
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Microfungal  diversity  on a neotropical semi-arid region 
Luís F. P. Gusmão 


 
Departmentof Biological Science, StateUniversity of Feira de Santana, Brazil 


 
Microfungi is defined here as groups of organisms belonging to the phyla 
Ascomycota, Basidiomycota, Glomeromycota and zygomycetous fungi, which have 
diminished reproductive structures that produces sexual and/or asexual spores. The 
neotropica is one of the most important reserves of biodiversity on Earth. The most 
representative semi-arid areas on a neotropical region are the northeast of Brazil and 
Central Chaco, Argentina. The dominant vegetative structure is xerophytic deciduous 
forests with multiple layers including a canopy, sub-canopy, shrub layer and 
herbaceous layer. Afteran intensiveliterature survey, it was found thattheCentral 
Chacohas fewerthan 50 microfungi species reported, in contrast, to the Brazilian 
semi-arid region more than 1,300 specieshave been recorded. For Ascomycota were 
recorded 107 families (producing sexual and/or asexual spores) into 45 orders; the 
most representativefamilies (number ofgenera) were: Chaetosphaeriaceae (13), 
Mycosphaerellaceae (13), Nectriaceae (13), Pleosporaceae (13), Asterinaceae, 
HysteriaceaeandXylariaceae (7), Amphisphaeriaceae, Botryosphaeriaceae, Magna-
porthaceae and Phyllachoraceae (6), Helotiaceae (5); for Basidiomycota four orders: 
Agaricales, Cantharellales, Classiculales, Corticiales (all producing asexual spores – 
Ingoldian/aero-aquatic/bulbils fungi); for Glomeromycota80 species and for 
zygomycetous fungi approximately 38 species. Phylogenies of some new genera and 
species of sexual and asexual Ascomycota also will be presented. These data are 
mostly results of the Program of Research on Biodiversity on the Brazilian Semi-arid 
(PPBioSemiárido), financed by the Ministry of Science, Technology and Innovation 
(MCTI) and National Council for Scientific and Technological Development (CNPq). 
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New and interesting neotropical ascomycetes 
Richard T. Hanlin1*, Maria C Gonzalez2 


 
1Mycological Herbarium, University of Georgia, United States 


2Departamento de Botanica, Universidad Nacional Autonoma de Mexico, Mexico 
 


For someone trained in mycology in a northern temperate climate, collecting fungi in 
the neotropics is like being in paradise. Each trip there yields new and unfamiliar 
species and broadens one’s understanding of fungal diversity. In this presentation we 
briefly review some of the new and interesting ascomycetes collected in the 
neotropics. Brasiliomyces malachrae (Erysiphales) is a widespread powdery mildew 
that is unusual in forming abundant ascomata on host leaves, such as wild cotton, in 
tropical America. The ascomata are thin-walled and lack appendages. Cercophora 
palmicola (Sordariales) forms clusters of thick-walled, papillate perithecia on fallen, 
decaying palm stems. The young ascospore is initially cylindrical and single-celled, 
then becomes two-celled, with the upper cell enlarging to form a brown spore, and the 
lower cell remaining as a hyaline appendage. It was collected in a forest near Sanare, 
Venezuela. Grandigallia dictyospora (Incertae sedis, Dothideomycetes) forms large, 
black galls on the tips of branches of Polylepis sericea, which grows high in the 
Andes Mountains. The bitunicate asci contain reddish-brown, broadly fusoid to 
ellipsoid, muriform ascospores that are flattened in side view. The fungus was 
collected in Merida State of western Venezuela. Guanomyces polythrix (Sordariales) 
forms small perithecia with long necks covered with hairs with bulbous tips that 
secrete liquid droplets. It was isolated from bat guano from a cave in Morelos, 
Mexico. Poroleprieuria rogersii (Xylariales) has erect, cylindrical, carbonaceous 
stromata with perithecia immersed in the apex. The ascospores have germ pores 
instead of germ slits. It occurs on fallen, dead wood and was collected in Puebla State, 
Mexico. 
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Taxonomic diversity and phylogeny of neotropical freshwater ascomycetes 


Husefa Raja 
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Patterns and drivers of ectomycorrhizal diversity in North American pinaceous 
forests 


Thomas Bruns1*, Jennifer Talbot2, John Taylor1, Dylan Smith2, Sara Branco1, Sydney Glassman1, 
Sonya Erlandson2, Rytas Vilgalys3, Hui-Ling Liao3, Matthew Smith4, Kabir Peay2 


 
1Plant & Microbial Biology, Univ. California Berkeley, United States 


2Biology, Stanford University, United States 
3Biology, Duke University, United States 


4Plant Pathology, Univ Florida, Gainsville, United States 
 


Understanding how macroecological processes shape fungal communities is hindered 
by the lack of datasets spanning large spatial-scales and the absence of distributional 
data for most fungi. To rectify this we use next generation sequencing of the ITS 
region to survey soil fungi in 66 pine forests across North American. At each site we 
took 13 soil samples arranged in a nested grid and stratified them into organic and 
mineral soil horizons. This allowed us to investigate the spatial structure of fungal 
communities across four orders of magnitude. We also conducted extracellular 
enzyme assays to test for functional relationships. Results from the first 25 plots 
yielded over a million DNA sequences derived from 609 soil samples, and retrieved a 
total of 10,576 OTUs at a 97% sequence similarity cutoff. Fungal communities were 
highly variable, but showed strong evidence of regional geographic structure and 
displayed a significant distance-decay relationship that explained 30% of total 
variation in species composition. By contrast, core level soil environmental variables, 
such as soil horizon, explained only 3% of variation in the whole fungal community. 
In contrast measures of soil enzyme activity were correlated with soil chemistry rather 
than distance. These results suggest that macroecological processes are a major 
determinant of fungal community structure and that there is high functional 
redundancy in soil fungal communities across North America. 
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Using genomes to decipher the natural histories of saprotrophic and 
ectomycorrhizal Amanita: patterns of range expansions, transposable element 


dynamics, and mating 
Anne Pringle1*, Maryam Chaib De Mares2, Martha Hollingsworth Elmore3, Jaqueline Hess4,  


Inger Skrede4, Benjamin Wolfe5 
 


1Bullard Fellow, Harvard Forest, United States 
2Microbial Ecology, Rijksuniversiteit Groningen, Netherlands 


3Organismic and Evolutionary Biology, Harvard University, United States 
4Microbial Evolution, University of Oslo, Norway 


5FAS Systems Biology, Harvard University, United States 
 
Genomes hold clues to species’ autecologies. The genus Amanita includes both 
saprotrophic and ectomycorrhizal species, but often the native ranges, population 
dynamics, physiology and mating systems of the fungi are unknown. We use genomes 
taken from across the phylogeny to elucidate natural histories: demographics and 
transposable element dynamics, metabolic capacities (including functions which 
appear to be the result of horizontal gene transfer), and mating systems. Eventually, 
we aim to identify the features of genomes which may define a fungus as symbiotic. 
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Community assembly of ectomycorrhizal fungi along a subtropical secondary 
forest succession 


Liang-Dong Guo1*, Cheng Gao1 
 


1State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, China 
 


Assembly of mutualistic microbial community should be strongly correlated with 
plant community, but little is known about the dynamics of microbial community 
assembly during forest succession. In this study, functionally important root-
associated microorganisms, ectomycorrhizal (EM) fungal communities were 
examined along secondary succession in a Chinese subtropical forest using 454 
pyrosequencing technique. The EM fungal community consisted of 393 operational 
taxonomic units (OTUs), belonging to 21 EM fungal lineages dominated by 
/tomentella-thelephora and /russula-lactarius. EM fungal OTU richness was not 
significantly different among the young, intermediate and old forests, however, 11 
EM fungal OTUs and three fungal lineages showed significantly biased occurrence 
among the three age class forests. During the secondary forest successional process, 
the EM fungal communities changed and were affected by various plant variables, 
soil available P, elevation and geographic distance. Furthermore, the importance of 
plant community for structuring the EM fungal community significantly decreased 
along the secondary forest succession. This study suggests different assembly 
mechanisms of the EM fungal community along secondary forest succession in a 
Chinese subtropical ecosystem. 
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Ectomycorrhizal mediated mechanisms of plant tolerance to heavy metals 
Yi Huang 
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Volatile biocides from endophytic fungi, and their application as fumigants  
Ross C. Mann1,2*, Scott W. Mattner2, Simone J. Rochfort1,2, Ian J. Porter1,2 and  


German C. Spangenberg1,2 
 


1Department of Environment and Primary Industries, Bundoora, Victoria, Australia 
2La Trobe University, Bundoora, Victoria, Australia 


 
Endophytic fungi have been identified as a unique source of novel volatile biocides, 
and as such represent an exploitable resource for the discovery of new fumigants. This 
is timely given the global phase out of the ozone-depleting soil fumigant methyl 
bromide, and evidence of insect resistance with the fumigant of stored grain 
phosphine. For effective fumigation these volatile biocides from endophytes must 
exhibit broad spectrum bioactivity against a range of pests and pathogens, and possess 
the physical and chemical properties of a fumigant - high volatility, low residues, 
synergism. Research has been undertaken to identify novel volatile biocides from 
endophytic and determine their suitability as fumigants. Investigations have focused 
on a range of endophytic fungi from cool temperate and tropical Australia, including 
species of Nodulisporium, Muscodor, Geniculosporium and a number of undescribed 
species. In vitro bioassays established the spectrum of activity of endophytes against 
agricultural pathogens (fungi and bacteria), pests (insects) and weeds. Metabolomic 
analyses indicated that the endophytes produced a diverse range of volatile 
metabolites, including mono- and sesqui- terpenes, many of which were common to 
plant defence (e.g. eucalyptol). Metabolomic studies have been complemented with 
genomic screening to identify putative genes regulating the production of key 
volatiles. It is envisaged that these volatile metabolites will be used in combination 
(e.g. synergists) with currently available fumigants (i.e. not a direct replacement), 
which will be the focus of upcoming research. 
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The exploitation of Epichloë endophytes for agricultural advantage 
Linda Johnson1*, Wayne Simpson1, Damien Fleetwood1, Alison Popay2, Wade Mace1, Sarah Finch2, 


Marty Faville1, Stuart Card1, Christine Voisey1, Richard Johnson1, David Hume1 
 


1AgResearch Ltd., Grasslands Research Centre, Palmerston North 4442, New Zealand 
2AgResearch Ltd., Ruakura Research Centre, Hamilton 3240, New Zealand 


 
Epichloë endophytes of family Clavicipitaceae are fungal symbionts found only in 
association with grasses of the sub-family Pooideae. These endophytes can enhance 
their hosts’ survival through protection against abiotic and biotic stresses. We have 
exploited such traits in the development and commercialisation of selected asexual 
Epichloë strains associated with elite cultivars of agriculturally important pasture 
grasses (Festuca and Lolium). Our well-tuned bio-prospecting pipeline identifies 
strains with potential commercial utility, while underpinning strategic research is 
performed to understand the biology of the interaction, including the arsenal of 
endophyte-produced secondary metabolites and their regulation. More recently, we 
have applied our expertise in pasture endophyte technology towards the development 
of Epichloë endophytes in modern cereal grasses using a similar strategy. Modern 
cereals are not naturally infected with these endophytes, butwe have been able to 
demonstrate stable infection of rye (Secalecereale) using bioactive Epichloë 
endophytes sourced from wild cereal relatives. Associations between Epichloë strains 
and wheat or barley are less stable and show signs of significant incompatibility. 
Mining of transcriptomic data from a number of endophyte-host associations has 
identified effector proteins potentially involved in mediating compatible interactions. 
Functional characterisation of these genes may unveil the critical molecular dialogue 
required for host-endophyte compatibility and aid in the development of fully 
functional symbioses in wheat and barley. Ultimately, we aim to develop robust 
associations between elite cereals and Epichloë endophytes that provide safe 
protection against diseases and invertebrate pests, while retaining the nutritive 
characteristics of the forage or grain.  
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The Sebacinales: a novel group of mycorrhizal fungi for improving plant 
productivity and stress tolerance 


Kelly D. Craven 
 


The Samuel Roberts Noble Foundation, USA 
 
Sebacina vermifera is a fungal species that forms mycorrhizal associations, 
traditionally with certain types of orchids. Work in our lab and others have shown that 
these types of fungal symbionts are not only widespread globally (on non-orchid 
plants), but significantly improve the fitness of virtually every plant species that has 
been studied. Thus, these fungi represent an untapped resource for plant improvement. 
Here, we present data that support this notion, where artificial inoculation of Panicum 
virgatum (switchgrass), an important bioenergy crop for cellulosic ethanol production 
in the United States, with S. vermifera resulted in remarkable gains in biomass and 
drought tolerance. This is particularly significant because the economic feasibility of 
this plant biofuel feedstock depends upon large-scale plantings on marginal lands, 
with minimal agronomic inputs. Further, we have developed an effective particle 
delivery system that enables the mass production and dissemination of S. vermifera 
for large-scale field trials. Results of these studies will be presented. 
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Discovery and diversity of bioprotective and pharmaceutical alkaloids 
Christopher L. Schardl 


 
University of Kentucky, Kentucky, U.S.A. 


 
A common characteristic of seed-transmitted fungal endophytes is their production of 
neurotropic metabolites, particularly alkaloids. These specialized metabolites 
apparently serve ecological roles related to protection of host plants from vertebrate or 
invertebrate herbivores, and many are also used or under investigation as 
pharmaceuticals. For example, Epichloë species (Hypocreales; Clavicipitaceae) 
symbiotic with cool-season grasses (Poaceae, subfam. Poöideae) can produce any of 
four different classes of alkaloids alone or in various combinations: ergot alkaloids, 
indole-diterpenes, aminopyrrolizidines (including lolines), and the pyrrolopyrazine 
alkaloid, peramine. Indole-diterpene and ergot alkaloids are also produced by 
Periglandula species (Clavicipitaceae), which are seed-transmitted symbionts of 
morning glories (Convolvulaceae). Similarly, Undifilum species (Pleosporales; 
Pleosporaceae) are seed-borne fungal endophytes that form symbioses with 
Astragalus and Oxytropus species (Fabaceae), and produce the indolizidinealkaloid — 
swainsonine —that earns their host plants the moniker, “locoweeds.” Although these 
alkaloids are a common feature of seed-transmitted plant symbionts, most are also 
products of other fungi with different ecological roles, such as pathogens of plants, 
insects, or mammals. Most of the genes for these alkaloids have been identified in the 
endophytes, and they are generally clustered according to the alkaloid class they 
specify. Genome comparisons indicate the dynamics of those clusters, the diversity of 
the producing organisms, and the diversity of the forms of the alkaloids that are 
produced. 
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Toxins and pigments from macromycetes 
Liu Jikai 
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Production of complex bioflavor blends by fermentation 
H.Zorn*, Y. Zhang, M.A. Fraatz 


 
Justus Liebig University Giessen, Institute of Food Chemistry and Food Biotechnology 


 
While industrial flavour biotechnology was traditionally mainly focused on 


the enzymatic production of single character impact compounds, most food flavours 
are composed of numerous chemicals which unequally contribute to the overall aroma 
impression. To meet the increasing consumers’ demand for natural flavors, such 
complex aroma mixtures may be formed by microbial fermentation. According to 
European and American legal regulations, these flavours are addressed as “natural” if 
both, the substrates and the microorganisms are of natural origin. Potential aroma 
precursors are present in various by-products of the food processing industry, and it is 
thus an alluring idea to convert them into natural flavour mixtures by means of 
biotechnology. Based on their unique biochemical potential, their non-toxicity, and 
their aerobic growth, edible mushrooms of the class of basidiomycetes represent ideal 
candidates for the development of novel fermentation concepts.  


In a broad screening, edible basidiomycetes were grown submerged in 
chemically defined minimal media supplemented with e.g. carrot peels, spinach 
leaves, grape marc, cacao peels, coffee grounds, or apple pomace as the sole carbon 
source. The overall sensory impression of the submerged cultures was monitored over 
the culture period, and the most promising substrate/fungus combinations were 
selected for detailed analysis by GC-olfactometry, GC-MS-MS-O, and by aroma 
extract dilution analysis. Highly promising flavor mixtures were generated inter alia 
with Wolfiporia cocos and Lentinula edodes (Shiitake). 


Based on the interesting flavour blends obtained from basidiomycetous 
cultures, potent aroma producers were also employed for the aerobic fermentation of 
wort to alcohol-free refreshments. The key odor-active compounds of the novel 
beverages were analyzed by GC-MS/MS-O and aroma extract dilution analysis. For 
HS-SPME, a revised method of increasing the GC inlet split ratio was used. 
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New bioactive metabolites with potential utility for the life science industry from 
cultures of basidiomycetes 


Marc Stadler 
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Towards putting Pleurotus into practice 
Yitzhak Hadar 


 
Department of Microbiology and Plant Pathology, Faculty of Agriculture, Food and Environment, The 


Hebrew University of Jerusalem 
 


Pleurotus ostreatus is a cultivated edible ligninolytic mushroom with medicinal 
properties The fungus is able to degrade and metabolize, in addition to lignin, several 
environmental contaminants such as PAHs, dyes and pharmaceuticals. Several 
advances in the study of this fungus make it a good model for analysis of 
physiological processes in white-rot basidiomycetes. These include the deciphering of 
the whole genome sequence, development of a reproducible transformation system, 
gene disruption method using a∆ku80 strain, RNAi systems as well as overexpression 
of genes. P. ostreatus degrades aromatic and phenolic compounds by diverse 
enzymatic systems: laccases and manganese peroxidases (MnP) as well as the 
detoxification systems such as cytochrome P-450 monooxygenases and epoxide 
hydrolases. The MnP family of P. ostreatus consists of nine members, three of which 
are predominantly expressed. Among these, two (MnP3 and MnP9) are expressed and 
active only in the presence of Mn2+, while MnP4 is a versatile peroxidase (VP) that is 
expressed in the absence of Mn2+. Recently we produced a transformant over-
expressing mnp4 (designated OEmnp4) under the control of the β-tubulin promoter. 
Now, despite the presence of Mn2+ in the medium, OEmnp4 produced mnp4 transcript 
as well as VP activity as early as 4 days after inoculation. The level of expression was 
constant throughout 10 days of incubation and the activity was comparable to the 
typical activity of PC9 in Mn2+-deficient media. In-vivo decolorization of the azo 
dyes Orange II, Reactive Black 5, and Amaranth by OEmnp4 preceded that of the 
wild type. OEmnp4 and PC9 were grown for 2 weeks under solid-state fermentation 
conditions on cotton stalks as a lignocellulosic substrate. [14C]-lignin mineralization, 
in-vitro dry matter digestibility, and neutral detergent fiber digestibility were found to 
be significantly higher (about 25%) in OEmnp4-fermented substrate, relative to PC9. 
We conclude that releasing Mn2+suppression of VP4 by over-expression of the mnp4 
gene in P. ostreatus improved its ligninolytic functionality. 
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Geomycology and bioremediation: metal and mineral transformations 
Geoffrey Michael Gadd 


 
Geomicrobiology Group, College of Life Sciences, University of Dundee, Dundee, DD1 5EH, 


Scotland, UK 
 


Fungi play significant roles in organic matter decomposition, bioweathering and 
element cycling. “Geomycology” can be considered a subset of “geomicrobiology” 
and simply defined as the impact of fungi on geological processes, including the 
alteration and weathering of rocks and minerals, the accumulation of metals, and their 
roles in element and nutrient cycling. Many geomicrobial processes are of relevance 
to pollutant fate in the environment and our research seeks to understand the 
mechanisms of metal and mineral biotransformations, their environmental 
significance and potential for bioremediation and also in the biodeterioration of 
metals, and rock- and mineral-based substrates. This presentation will include 
examples of our research on fungi inhabiting certain rock types and soil, including the 
mycorrhizosphere, particularly regarding mineral dissolution and transformation, and 
the formation of secondary mycogenic minerals. An important mechanism of metal 
mobilization from minerals is a combination of acidification and ligand-promoted 
dissolution: if oxalic acid is produced, the production of metal oxalate biominerals 
may result. In other cases, mobilized metal species may interact with phosphate. 
Examples outlined in this presentation will include fungal communities and roles in 
degradation and transformations of rocks and metal-containing minerals, metallic 
lead, depleted uranium, uranium and manganese oxides, and fungal biodeterioration 
of concrete and ancient ivory. 
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Transformation of insoluble zinc compounds by fungi isolated from a zinc mine 
Prakitsin Sihanonth1*, Thanawat Sutjaritvorakul2, Geoffrey M. Gadd3, Kallaya Suntornvongsagul4, 


Anthony J.S. Whalley5 and Sophon Roengsumran6 
 


1Department of Microbiology, Faculty of Science, Chulalongkorn University, 
Bangkok, Thailand 


2Department of Science and Mathematics, Faculty of Science and Technology, Pathumwan Institute of 
Technology, Bangkok, Thailand 


3Geomicrobiology Group, College of Life Sciences, University of Dundee, Dundee DD1 5EH, 
Scotland, United Kingdom 


4 Environmental Research Institute, Chulalongkorn University, Bangkok, Thailand 
5School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, Byrom Street, 


Liverpool L3 3AF, United Kingdom 
6Department of Chemistry, Faculty of Science, Chulalongkorn University, 


Bangkok, Thailand 
 
Fungi were isolated from zinc-containing rocks and mining soil. They were screened 
for the ability to solubilize and transform three insoluble zinc compounds: ZnO, 
Zn3(PO)4, and ZnCO3. Fungi were plated on potato dextrose agar (PDA) medium 
which was supplemented with 0.5% (w/v) of insoluble zinc compounds. Of the strains 
tested, four fungal isolates showed the highest efficiency for solubilizing all the 
insoluble zinc compounds, producing clearing zone diameters > 40 mm. These fungi 
were identified as a Phomopsis spp., Aspergillus sp.1, Aspergillus sp.2, and 
Aspergillus niger. Zinc oxide was the most easily solubilized compound and it was 
found that 87%, 52%, and 61% of the tested fungi (23 isolates) were able to solubilize 
zinc oxide, zinc phosphate, and zinc carbonate, respectively. Organic acids had 
directly involved in the metal immobilization. Especially oxalic acid plays an 
important role in metal transformation process. Precipitation of zinc-containing 
crystals was observed in zinc oxide-containing agar medium underneath colonies of 
Aspergillus sp.1, and these were identified as zinc oxalate. It is suggested that these 
kinds of fungi had the potential application in bioremediation practices for heavy 
metal contaminated soils. 
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Biogeochemical transformations of heavy metals for eco-restoration 
on highly contaminated sediment 
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1Environmental Research Institute, Chulalongkorn University, Bangkok 10330, Thailand 
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University, Bangkok 10330, Thailand 


3International Postgraduate Programs in Environmental Management, Graduate School, Chulalongkorn 
University, Bangkok 10330, Thailand 


4Department of Microbiology, Faculty of Science, Chulalongkorn University, Bangkok 10330, 
Thailand 


5 Synchrotron Light Research Institute, Nakhon Ratchasima 30000, Thailand 
6Division of Molecular Microbiology, College of Life Sciences, University of Dundee, Dundee, DD1 


5EH, Scotland, UK 
 
Substantial contamination of heavy metals in soil and sediment is well documented 
for the loss of land utility and the limits of ecological services serving human needs. 
The eco-restoration on the highly metal contaminated lands is definitely considered 
the metal uptake in plant shoots which depends on the forms of heavy metals in the 
rhizosphere which are influenced by both biological and geochemical interactions, 
and their concentrations. The observed plant, Lindenbergia philippensis (Cham.) 
Benth., associated by arbuscular mycorrhizal fungi, AMF, was found rapidly growing 
on the highly contaminated sediment discharged from the zinc smelting process in 
Tak province, Thailand. Under the extreme conditions especially the high 
concentrations of minerals and heavy metals, but very scarce nutrients, functions of 
arbuscular mycorrhizal fungi were statistically experimented and found their 
significant roles in the stabilization of observed metals; Pb, Cd, Zn and Cu in the 
rhizosphere and the change of their relationship to the observed metals after applying 
the soluble Zn. The AMF played their significant roles in more Zn and Cu 
accumulation in the rhizosphere, but not Cd and Pb. However, the increase of soluble 
Zn at 1,000 ppm differently influenced the increases of Zn, Cu and Pb concentration 
in the rhizosphere. To understand their forms appearing in rhizosphere, SEM-EDS 
and XAS techniques were used to specifically explain the Zn core atom bonding with 
its neighboring atoms. The analysis results discovered that the AMF did not 
significantly change the Zn atom bonding, but the bonding distance was influenced by 
unknown complex organic compounds. Moreover, the fungi enhanced more solid 
metal-crystals on the root surfaces. These evidences are important that the eco-
restoration of highly contaminated lands involves with the complexity of 
biogeochemical influences and the various environmental characteristic in the 
rhizosphere of host plant. 
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Molecular analysis of the fungal community during in silo commercial 


composting 
Geoffrey D Robson 


 
Faculty of Life Sciences, University of Manchester, Manchester, UK 


 
Over the last 50 years, commercial has received increasing attention as a way of 
managing the biodegradable fraction of municipal solid waste (MSW) and reducing 
landfill. In 2011, ca. 35 million tonnes of MSW was composted the European Union 
and ca. 20 million tonnes in the USA and predicted to more than double over ten 
years. Fungi play an important role in the composting process as degraders of 
recalcitrant materials such as cellulose and lignin. Previous attempts to study the 
diversity and succession of fungi in compost systems have relied heavily on the use of 
culture-dependent and low-resolution fingerprinting techniques, lacking the necessary 
depth to study such a complex and rich ecosystem.  In this study, 454 pyrosequencing 
was used to characterise the fungal communities found in an in-vessel composting 
system at the different stages of the process. A complex succession of fungi was 
revealed, with 251 different fungal OTUs identified throughout the monitoring period. 
The Ascomycota were the dominant phylum (82.5% of sequences), followed by the 
Basidiomycota (10.4%) and the subphylum Mucormycotina (4.9%). In the starting 
materials and early stages of the process, yeast species from the Saccharomycetales 
were abundant, while in latter stages, fungi from the orders Eurotiales, Sordariales, 
Mucorales, Agaricales and Microascales were most prominent. This study provides an 
improved understanding of the fungal diversity occurring during the composting of 
municipal solid waste which may lead to the development of more efficient 
composting practices.  
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Underestimated mycotoxins in foods: do we need to worry? 
Jens C. Frisvad 


 
Department of Systems Biology, Technical University of Denmark, Soltofts Plads B. 221, DK-2800 


Kongens Lyngby, Denmark 
 
A small number of mycotoxins are widely recognized as being of large significance, 
and their level of contamination in foods and feeds is regulated in many countries. 
These mycotoxins include aflatoxins, ochratoxinA, fumonisins, trichothecenes, 
zearalenone and patulin. Other mycotoxins such as citrinin, secalonic acid D, 
rubratoxin B, citreoviridin, rugulosin, penicillic acid, tenuazonic acid, cyclopiazonic 
acid, and penitremA are considered in particular cases. However there is a series of 
mycotoxins and bioactive exometabolites that can be produced in large amounts in 
mouldy foods that may be toxic because of additive or synergistic effects with known 
mycotoxins or because of the cocktail (Gulliver) effect of several bioactive 
compounds. The associated mycobiota of cereals is often dominated by Fusarium 
species and later, in storage, by Penicillium verrucosum and members of Penicillium 
series Viridicata in temperate climates. Such cereals may be examined for the major 
mycotoxins, especially trichothecenes, zearalenone and ochratoxin A. However these 
cereal-associated species produce many other toxic compounds, not only on 
laboratory media but also in cereals, including xanthomegnin, viomellein, vioxanthin, 
verrucosidin, penitrem A,penicillic acid, oxalic acid, and nephrotoxic glycopeptides: 
this will make mouldy cereals unsuitable for consumption. Since multi-mycotoxin 
analytical chemical method have not been developed to cover all these mycotoxins, 
sorting of discolored kernels or removal of hotspots may be the only way to avoid 
problems with humid cereals. In humid oilseeds and nuts Aspergillus flavus and 
similar species and A. niger may grow and produce the known mycotoxinsaflatoxins 
and ochratoxins, but fumonisins (B2, B4, B6) and a series of other toxins can also be 
produced, including cyclopiazonic acid, 3-nitropropionic acid, tenuazonic acid, 
aspirochlorin, and eremophilans. Again effective analytical methods have not been 
developed for the underestimated mycotoxins such as 3-nitropropionic acid. Correct 
identification of the contaminating species is very important, as is establishment of 
databases for the associated fungi for different foods and feeds. Together with 
ecophysiological data mycotoxin production may be prevented. 
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Food security issues have become important as prices of staple grains have soared in 
the last few years. Climate change is expected to increase pressure on food 
supply/quality/sustainability worldwide. Changes in rainfall patterns, drought, 
temperature and CO2 all impact on staple food production systems. It has been 
suggested that there will be “hotspots” in different regions of the world where the 
temperature may increase by +2-4oC, where rainfall patters and drought events may 
increase, resulting in more rapid desertification and significantly impacting on staple 
food crop yields. Thus for staple cereals a doubling of CO2 (350 to 700 µl/l) and an 
increase in temperature will have a penalty on yield and nutritional quality while for 
rice this could increase crop biomass although effects on yield and quality are less 
clear. Plant stress inevitably leads to increased susceptibility to fungal infection, pre- 
and post-harvest, and potential for increased contamination by mycotoxins (Magan et 
al., 2011; Wu et al., 2011). There has been significant interest in the impact that 
climate change environmental factors have on the ecology of mycotoxigenic moulds 
pre- and post-harvest in staple cereals. Using a mycotoxin microarray with sub-arrays 
for trichothecene B, aflatoxin and fumonisins we have examined the interaction 
between toxin gene clusters, growth and toxin production under different climate 
change environmental factors (water availability, temperature, CO2) using strains of 
Fusarium graminearum, Aspergillus flavus and Fusarium verticillioides respectively. 
These data sets have been integrated for the first time using a mixed growth model 
and linking this to expression of key biosynthetic structural and regulatory genes in 
the biosynthetic pathways for mycotoxin production (6 TRI, 10 Afl and 9 FUM genes) 
to develop predictive models. This approach also allows the relationship between 
different key genes in to be determined and the importance of individual genes under 
different environmental conditions to be evaluated. The models can also be used to 
predict the relative risk of production of these mycotoxins under different climate 
change scenarios. We have now got data which shows that different spoilage and 
mycotoxigenic fungi respond differently to climate change scenarios with some 
responding by producing more mycotoxins, while other producing less mycotoxin. 
Growth is either unaffected or stimulated by elevated temperature + CO2 and drought 
stress. These results are discussed in relation to food spoilage. 
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Exploitation of the fungal diversity for food ingredients 
Ulf Thrane 
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Denmark, DK-2800 Kongens Lyngby, Denmark 
 
Filamentous fungi are well known for their production of many biotechnological 
products such as enzymes, and primary and secondary metabolites being organic 
acids, pigments, fragrances, pharmaceuticals, polyunsaturated fatty acids and many 
more. Many of these compounds are used as food ingredients, in some cases the 
fungus in itself is used as food. Despite the huge chemical diversity among species of 
filamentous fungi only a few species are used by industry as cell factories. Part of a 
multidisciplinary phenotypic characterization of fungi is a careful chemical profiling 
at species level, which has resulted in a palette of fungal strains from several species 
producing many different food ingredients. In addition to the useful compounds, 
many fungal species, including known production strains used in biotech industry, 
also produce undesired compounds such as mycotoxins. However, through the 
chemotaxonomy it is possible to select fungal strains with no known mycotoxins as 
potentially safe fungal cell factories. Laboratory scale experiments have demonstrated 
that extrinsic factors regulate the growth and production of metabolites quantitatively 
as well as qualitatively. This has been exemplified by the production of food colorants 
by wild-type strains, where especially the carbon and nitrogen sources, but also the 
cultivation parameters in bioreactors have an impact on the yield. The results 
demonstrate that natural pigment producing filamentous fungi offers sustainable and 
non-genetically modified (non-GMO) sources of colorants with possibilities of 
obtaining high yields and quality control over the pigment profile. In conclusion, this 
can be transferred to other metabolites and thereby facilitate the discovery and 
development of future production of food ingredients by filamentous fungi in 
biotechnological-engineered cell factories.  
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Systems biology approaches for organic acid production in filamentous fungi 
Peter J. Punt 


 
TNO Microbiology & Systems Biology / Institute for Biology Leiden University 


 
Among filamentous fungi Aspergillus niger is a well-known production host for a 
wide variety of enzymes (amylase, cellulose, protease) and metabolites (organic 
acids). Based its performance in these more traditional fermentation processes A. 
niger is already used for the production of novel proteins. But even more recently this 
fungus is now also considered for the production of new so-called platform or 
building-block chemicals for the chemical industry. These chemicals, currently 
produced based on petrochemistry, are the starting point for the production of a wide 
variety of materials, such as resins, plastics, etc. Production of these compounds via 
biobased routes will be a major contribution towards a Biobased Economy. For the 
production of these bulk compounds robust host organisms are required, suitable for 
using low cost lignocellulose-based feedstocks, resistant against adverse conditions 
due to inhibitory feedstock compounds and capable of coping with high product 
concentrations. A. niger was shown to fulfill most of these prerequisites. Based on the 
extended molecular genetic toolkit systems biology approaches were developed for A. 
niger and other fungi. These approaches may be followed to produce several of these 
platform chemicals in A. niger, as will be demonstrated by the example of itaconic 
acid. 
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Fungal systems biology towards fungus enzymes for food and feed applications 
Huaming Wang1*, Zi Zhenzhen1, Yan Zheng1, Zhang Huidan2, Huang Yijun2 


 
1Laboratory of Protein Expression and Molecular Biology, Tianjin Institute of Industrial 


Biotechnology, Chinese Academy of Science, Tianjin, P.R. China 
2Laboratory of Strain Development and Molecular Biology, Qingdao Vland Biotech Group. 


Qingdao, P.R. China 
 
Filamentous fungi such as Aspegillus niger and Trichoderma reesei are important 


microorganisms for the production of the industrial enzymes of food and feed 
additives. Strains have been improved through classic mutagenesis and screening and 
by molecular technologies over the past 20 years. Reported protein production levels 
have been increased to more than 100 g/l. However, improved expression hosts are 
still needed in order to produce industrial enzymes in a cost effective manner in 
China. 


In our joined research laboratories, we have screened new fungal α-amylases, 
glucosyltransferases and glucoamylases from varies fungal sources including two 
newly sequenced filamentous fungi (Stachybotrys chartarum and Gliocladium 
roseum). Using classic mutagenesis, morphological screening and robotic aided high 
throughput system, we have developed several improved Aspergillus and 
Trichoderma strains with short and hyper branch changes and with deletions of genes 
encoded for major extracellular proteins. In this presentation, we will discuss 
progresses made for improved Aspergillus and Trichoderma strains expressing 
food/feed enzymes. We will also report our developments in a new expression fungal 
host at our laboratories. 
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Reconstruction and systems analysis of plant cell wall deconstruction network in 
filamentous fungus Neurospora crassa 


Areejit Samal 
 


The Institute of Mathematical Sciences, Chennai, India & International Centre for Theoretical Physics, 
Trieste, Italy 


 
A principal barrier in economical production of lignocellulosic biofuel is the enzyme 
costs required for conversion of plant biomass polysaccharides into simple 
fermentable sugars. Filamentous fungi are an excellent source of hydrolytic enzymes 
degrading lignocellulose. Neurospora crassa is a model filamentous fungus that can 
degrade and grow on lignocellulosic plant biomass. A system level understanding of 
the mechanisms employed by Neurospora to degrade plant cell wall and the 
regulation of associated genes can guide the rational design of hypersecretion strains. 
Towards this goal, we have reconstructed the first comprehensive network of 
biochemical reactions in Neurospora for plant cell wall deconstruction. Our 
reconstruction effort involved the integration of five heterogeneous data types to 
generate a feature matrix capturing the combined information. Using the feature 
matrix, we have devised a simple method for assigning annotation confidence scores 
to genes in the network. Experiments were performed to generate RNAseq data for 
Neurospora grown in different nutrient conditions. Biclustering of RNAseq data in 
different nutrient conditions revealed environment-specific gene modules. Subsequent 
analysis of RNAseq data within the network context shed new insights on regulation 
of genes coding for plant cell wall degrading enzymes in Neurospora.  
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Machine learning approaches to identify functionally related proteins based on 
composition and character 


Gregory Jedd 
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A secret and sophisticated Japanese food tradition, Koji 
Hiroshi Konno * 


 
Research Institute, Akita Konno Co.,Ltd., Japan 


 
Miso soup for breakfast and dinner, soy sauce that always makes it on the dining 
table, the evening cup of sake, Japan has a wealth of fermented food products and 
beverages. In 2013, Japanese food was registered on UNESCO`s World Culture 
Heritage List. The fermenting agent used in many of these foods is koji, a fungus of 
the genus Aspergillus. Koji is steamed rice that has been inoculated with koji spores 
(Aspergillus oryzae) and incubated to allow the fungus to grow. Rich in enzymes, koji 
is the key ingredient in all the basic foods of the traditional Japanese diet. The 
beneficial feature of A. oryzae is not only its potential as the source of various 
enzymes, but also its ability to produce these enzymes at high yields. While the 
history of fermented foodstuffs is long, independent production and sale of koji 
starter, as we do, have already existed about 500 years ago. Koji starter is 
manufactured by approximately 5 special companies in our country. All breweries 
purchase koji starter from these companies. Koji is the base of fermented foods 
production and it is said that quality of products is influenced by quality of koji. It is 
not too much to say that important elements deciding the quality of koji depend on the 
type of koji starter. Manufacturers of koji knew the use of wood ash to keep koji 
starter clean and safe a long time ago, although basic microbiological techniques such 
as preservation of microbes and pure cultivation were established much later in 19th 
century. This is a microbiological ingenious technology established by ancient 
Japanese in 15th to 16th century. 
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Microbiota of fermented foods in Myanmar 
Sayaka Ohno1, Kaoru Yamaguchi1, Nyunt Phay2, and Katsuhiko Ando1* 


 
1Biological Resource Center (NBRC), National Institute of Technology and Evaluation (NITE), Japan; 


2Biological Resources and Biotechnology Development Centre, Pathein University, Myanmar 
 


A Memorandum of Understanding (MOU) between Ministry of Education of 
Myanmar and National Institute of Technology and Evaluation (NITE) of Japan on 
Joint Research Program on Conservation and Sustainable Use of Biological Resources 
was concluded on 17 March, 2013 in Yangon, Myanmar. At the same time, a Project 
Agreement (PA) concerning Joint Research Program on Conservation and Sustainable 
Use of Biological Resources was concluded between Pathein University of Myanmar 
and Biological Resource Center of NITE of Japan. 


Under the MOU and the PA, the project work started on May, 2013. As our 
research target, we focused fermented foods in Myanmar, because there are a few 
reports on microbiota of the fermented foods in Myanmar. The sampling of fermented 
foods was carried out at open markets around Pathein on 16-27 May, 2013 and 20 
Oct., 2013 and in Taunggyi and around Inle Lake on 7-11 Oct. 2013 by researchers of 
the Pathein University and the NITE. At the area of Pathein, 25 samples were 
collected. At the areas of Taunggyi and Inle Lake, 16 samples were collected. From 
those samples, 280 microbes including 128 isolates of yeasts and 152 isolates of 
bacteria were isolated. The results of the identification of those isolates and 
microbiota of the fermented foods collected in Myanmar will be discussed. 
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Food fermentation by fungi: role of volatile flavor compound formation in 
fermented soybean food 


Sittiwat Lertsiri 
 


Food Biotechnology Laboratory, Department of Biotechnology, Faculty of Science, Mahidol 
University, Bangkok, Thailand 


 
Flavor is one of food properties which related to sensation, perception, and 
preferences of consumers. This quality attribute can be described in terms of chemical 
senses of taste and smell. Chemical compounds contributing to “smell” or “aroma” of 
food are so-called “volatile flavor compounds (VFC)”. Despite their trace amounts in 
food, VFCs impact on consumer acceptance due to their low threshold of sensing by 
human. During food fermentation, VFCs are formed via microbiological metabolism, 
biochemical and chemical reactions. Main factors influencing on flavor quality of 
fermented foods include raw materials, manufacturing conditions, and properties of 
microorganisms involved. Microbial strain performance basically affects activities of 
hydrolytic enzymes and production of metabolites. These materials further govern 
profiles of VFCs in fermented food as they are volatiles or being the precursors for 
VFC formations by both biochemical and chemical reactions. Rhizopus spp. and 
Aspergillus spp. are used as starter cultures for various fermented soybean products 
such as tempe and koji for production of soybean paste and soy sauce. The strains 
produce both VFCs and VFC precursors at the beginning of the process; however 
these remain and impact on flavor quality of the finished product. 
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Fermentation food as a cultural heritage – cultures are vulnerable 
Toru Okuda 


 
School of Science, The University of Tokyo, Japan 


 
Fungi have been used to produce fermentation foods since ancient era. Such cuisine is 
a part of traditional and specific cultures for an individual country. Aspergillus oryzae 
essential for “miso”, “shoyu” and “sake” was also used to produce the microbial 
amylase complex for medicine, Taka-diastase, by Jokichi Takamine early 20th 
Century. His original strains are still available from NRRL, USA. Wicklow et al 
demonstrated that A. oryzae strains are more diverse than A. soyae strains using these 
strains. Many distilleries of “awamori”, a traditional distilled alcohol beverage in 
Okinawa, Japan, were lost during the 2nd World War, but black aspergilli used for 
awamori had been preserved at the University of Tokyo so that its production was 
revived afterwards. The producer species had often been referred as A. awamori, A. 
kawachii, A. luchuensis, or some others. Based on the recent molecular phylogenetic 
studies, however, the strains derived from Types of A. luchuensis, A. kawachii and the 
black aspergilli strains mentioned above were all found to be the same species and an 
old name, A. luchuensis was selected due to the nomenclatural priority. Both cases 
revealed that strain deposit and safe preservation are so important for maintaining 
cultural heritage. In fact patent strains are supposed to be deposited according to 
Budapest Treaty, but the other strains of economic importance are often neglected and 
unavailable from public culture collections even though the strains are mentioned in 
the scientific papers. I would thus like to make a proposal to secure these 
“endangered” strains in addition to protection of the depositors’ right. “Cultures” are 
vulnerable and need public protection. 
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Evolution of Saccharomyces cerevisiae towards domestication for fermented food 
production 
Feng-Yan  Bai1 


 
1State Key Laboratory of Mycology, Institution of Microbiology, Chinese Academy of Sciences, China 


 
The budding yeast Saccharomyces cerevisiae is used worldwide as a microbial agent 
for baking, fermentation of wine, beer and other alcoholic beverages, with a 
domestication history of nearly 10 thousands of years. It is also a most-used model 
system in eukaryotic genetics, genomics and molecular biology and is becoming a 
powerful tool to illuminate ecological and evolutionary principles. It is now clear that 
S. cerevisiae exist in both wild and domestic populations which are genetically 
distinct; however, the genetic diversity and evolutionary relationships among the 
populations of the species remain elusive. In recent years, we have carried out a field 
survey of S. cerevisiae in nature and man-made environments at an unprecedented 
scale in China and performed population genetics and genomics analyses of wild and 
domestic isolates with different geographical and ecological origins. We show the 
surprising genetic diversity of both wild and domestic populations of S. cerevisiae and 
the evolution trend of the species from primival forests, to man-made environments 
and to food fermentation processes. Phenotypic characterization showed that domestic 
isolates possess improved abilities to assimilate and ferment certain sugars and to 
resist to high temperature and ethanol, suggesting adaptive evolution of the species 
due to human selection. Population genomics analysis showed key genomic changes 
and related gene network evolution in S. cerevisiae from the wild towards 
domestication for food fermentation. 
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Omics-analysis of Aspergillus oryzae for Japanese sake making 
Katsuhiro Iwashita 


 
National Research Institute of Brewing, Japan 


 
Aspergillus oryzae is a filamentous fungi used for various Japanese traditional food 
industry and production of commercial enzymes.  In the Japanese traditional food 
industry, A. oryzae has been used to make koji and supply enzymes, vitamins, and 
other nutrients for following fermentation procedure.  For this importance, the 
genome sequencing was carried out and released by a consortium of Japanese 
biotechnology companies in late 2005.  As the result, 12,074 genes were predicted in 
the 37 Mbps genome.  Based on the genome sequence, we developed A. oryzae 
DNAchip (AoDNAchip) and, using this AoDNAchip, we carried out comparative 
genome hybridization analysis of industrial strains, which used for several different 
industries.  Furthermore, we performed phenome analysis of these strains in koji 
making procedure, such as growth and enzymes production.  As expected, the 
phylogenetic cluster and phenotypic cluster of these strains were well agreed.  This 
result clearly indicated that the difference of industrial characteristics of the strain is 
based on the difference of its genome. However, more than 50% of A. oryzae genes 
were remained as function-unknown genes and several transcriptome analyses 
revealed most of these genes were expressed in koji making procedure.  Thus, based 
on proteome analysis of rice koji, we identified rice koji proteins (RKP) and disrupt 
such genes, then analyzed the phenotype of the disruptants.  Based on the analysis, we 
identified various genes which concerned with growth, development and protein 
productions.  Now we further analyze the phenotype of these genes on the sake 
production using metabolomics analysis. Through these analyses, we will identify 
new genes which related to the quality of sake and apply to improve the quality of 
sake and its production. 
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Metabolic modeling and engineering of filamentous fungi for production of 
primary and secondary metabolites 


Mikael Rørdam Andersen  
 







 196 


Invited speaker 7.7 
 


Dynamic metabolic footprinting reveals the key components of metabolic 
network in yeast Saccharomyces cerevisiae 


Pramote Chumnanpuen* 
 


Department of Zoology, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand 
 


Metabolic footprinting offers a relatively easy approach to exploit the potentials of 
metabolomics for phenotypic characterization of microbial cells. To capture the 
highly dynamic nature of metabolites, we propose the use of dynamic metabolic 
footprinting instead of the traditional method which relies on analysis at a single time 
point. Using direct infusion-mass spectrometry (DI-MS), we could observe the 
dynamic metabolic footprinting in yeast S. cerevisiae BY4709 (wild type) cultured on 
3 different C-sources (glucose, glycerol, and ethanol) and sampled along 10 time 
points with 5 biological replicates. In order to analyze the dynamic mass spectrometry 
data, we developed the novel analysis methods that allow us to perform correlation 
analysis to identify metabolites that significantly correlate over time during growth on 
the different carbon sources. Both positive and negative electrospray ionization (ESI) 
modes were performed to obtain the complete information about the metabolite 
content. Using sparse principal component analysis (Sparse PCA), we further 
identified those pairs of metabolites that significantly contribute to the separation. 
From the list of significant metabolite pairs, we reconstructed an interaction map that 
provides information of how different metabolic pathways have correlated patterns 
during growth on the different carbon sources. 
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Genome content and evolution of the wheat pathogen Mycosphaerella 
graminicola (synonym: Zymoseptoria tritici) 


Stephen B. Error! Reference source not found. 
 


USDA-ARS, Crop Production and Pest Control Research Unit, Department of Botany and Plant 
Pathology, Purdue University, 915 West State Street, West Lafayette, IN  47907-2054, USA 


 
Mycosphaerella graminicola (synonym: Zymoseptoria tritici; anamorph: 


Septoria tritici) causes Septoria tritici blotch, one of the most important diseases in 
many wheat-growing areas worldwide. Populations of the pathogen usually contain 
very high genetic and genotypic diversity for molecular markers, consistent with large 
population sizes and frequent sexual reproduction. To better understand the genetics 
and evolution of this pathogen, its genome was sequenced at the Joint Genome 
Institute of the U.S. Department of Energy. The finished genome consists of 21 
chromosomes and is complete except for two gaps of unclonable DNA and one 
telomere. The eight smallest chromosomes were different from the core 13 for every 
parameter estimated and appear to have originated by horizontal transfer from an 
unknown donor more than 10,000 years ago. These chromosomes can be lost with no 
obvious effect on phenotype in culture so appear to be dispensable. Analysis of these 
chromosomes revealed that they are lost readily during sexual reproduction and are 
highly variable among individuals in field populations, but that their content is 
retained within populations, indicating that they may provide a selective benefit at 
least under some conditions. These chromosomes also can be lost rapidly during 
asexual transfers in culture, but the rate of loss depends on the chromosome and the 
condition, increasing in response to stress. The genome of M. graminicola contained 
fewer genes for cell wall-degrading enzymes compared to most other plant pathogens, 
possibly to evade detection during the early stages of infection, and may have evolved 
from an endophytic ancestor. 
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Genomics of pathogenicity determinants and host specificity in Fusarium 
oxysporum 
Martijn Rep 


 
University of Amsterdam, The Netherlands 


 
Pathogenicity towards plants in fungi is a complex trait, depending on many 


basic cellular functions that are shared by pathogens and non-pathogens alike. 
Nevertheless, it is possible to identify, in each pathogen, a set of genes that appear 
specifically geared towards the ability to colonize living plant tissue. These genes 
encode, for instance, small secreted (‘effector’) proteins or enzymes for the synthesis 
of secreted secondary metabolites or detoxification of plant compounds. Together, 
these genes determine which plant species can be successfully infected. 


In the tomato wilt pathogen Fusarium oxysporum f.sp. lycopersici, effector 
genes and other genes involved in virulence towards tomato reside on ‘extra’ 
chromosomes that can be asexually transferred between strains (Ma et al., 2010). The 
F. oxysporum species complex (FOSC) harbours pathogenic as well as non-
pathogenic strains that mainly inhabit soil and plant rhizospheres. The pathogenic 
strains are highly host-specific and together cause disease in more than a 100 plant 
species. Genome sequencing has revealed that compartmentalization of the genome 
into a ‘core’ and ‘accessory’ genome, first observed for tomato-infecting strains, is a 
general feature of the FOSC. Sexual recombination in F. oxysporum has never been 
observed in lab or nature. Our goal is to determine the extent to which strain 
diversification and emergence of pathogenic strains within the FOSC has been shaped 
by horizontal transfer, recombination, duplication and loss of genes and 
chromosomes. 


Ma, L.J., van der Does, H.C. et al. (2010). Comparative genomics reveals mobile 
pathogenicity chromosomes in Fusarium. Nature 464, 367-373. 
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Using comprehensive phylogenies and maximum clade ages to unravel 
evolutionary patterns in obligate biotrophs 


Y.J. Choi* and  M. Thines 
 


Biodiversity and Climate Research Centre (BiK-F), Senckenberganlage 25, D-60325 Frankfurt (Main), 
Germany  


Department of Biological Sciences, Institute of Ecology, Evolution and Diversity, Goethe University, 
Siesmayerstr. 70, D-60323 Frankfurt (Main), Germany 


Senckenberg Gesellschaft für Naturforschung, Senckenberganlage 25, D-60325 Frankfurt (Main), 
Germany 


 
Oomycete plant pathogens include necrotrophic, hemi-biotrophic, and obligate 
biotrophic species causing devastating diseases on a wide variety of economic and 
wild plants. Having the highest species diversity and host-specificity in Oomycetes 
downy mildews are useful as model systems for understanding the coevolution 
between obligate pathogen and host plant. An increasing number of genome 
sequences and molecular interaction studies are revealing more details of the 
oomycete–plant interactions at molecular level, but there is still hardly any knowledge 
of how downy mildews evolve with their host plants from a macro-evolutionary 
viewpoint. The genus Bremia, a well-known downy mildew with B. lactucae which 
causes one of the most important diseases of lettuce (Lactuca sativa) contains species 
parasitizing three subfamilies of the largest flowering plant family Asteraceae 
(Compositae), Asteroideae, Carduoideae, and Cichorioideae. To uncover the degree 
of evolutionary congruence between the parasite Bremia and the host Asteraceae, 181 
sequences of mitochondrial (cox2, cox1, cox2-cox1 spacer) and nuclear (18S, 28S, 
ITS1, RxLR11) for Bremia and of matK and ITS genes for Asteraceae were obtained. 
All cophylogenetic analyses using different models and algorithms agree that 
phylogenies of the Bremia and the Asteraceae are significantly congruent. But it is 
revealed by maximum clade age estimations that this is not due to long-term 
coevolution but most likely due to host-shift speciation (pseudo-cospeciation). This 
pattern results from parasite radiation in related hosts and speciation following rarer 
host shifts to distantly related hosts, long after the radiation and speciation of the host 
plants. This might be a common dynamic speciation and diversification strategy of 
obligate plant pathogenic fungi and oomycetes in general, as they share a similar 
capacity for accelerated genome evolution for adaptation after a host shift, which 
frees them from hosts with effector triggered immunity at the same time. After 
establishing themselves on a new group, some acquired pre-adaptation will make it 
easier to further shift and diversify in closely related hosts, resulting in a pseudo-
coevolution pattern, with true co-divergence being limited to the terminal nodes. 
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A population genomic view of divergence and differentiation in fungi 
John W. Taylor 


 
University of California, Berkeley, USA 


 
Species recognition is being challenged by next-generation-sequencing because of the 
greatly increased access to nucleic acid variation in populations of fungi. Using 
Neurospora species as examples, the traditional methods of species recognition 
acknowledged two morphological species and five biological species in the terminal 
clade of conidial taxa. When species recognition by phylogenetic concordance of gene 
genealogies was applied to eight-spored, conidiating Neurospora, 15 phylogenetic 
species were recognized. When phylogenetic species recognition was extended to 
four-spored, conidiating Neurospora, a total of 24 phylogenetic species could be 
recognized. When the basal, homothallic Neurospora species are included, a 
conservative total number of Neurospora species would be ca. 35. Of these 35 
species, none are closer than N. crassaand N. terricola, which have identical fungal 
barcode sequences (ITS1), but very different ecologies, the former associated with 
grasses and sporulating following fire, and the latter associated with dung or soil. 
What, therefore, are the limits to a species? The broadest limit would be reproductive 
isolation, as is known to be reinforced between, for example, N. crassaand N. 
intermedia. The narrowest would be between populations of N. crassa that can be 
distinguished only by population genomics and that show divergent adaptive 
phenotypes, but would be considered to be the same phylogenetic, biological or 
morphological species. Clearly, operational species recognition varies for ecologists, 
systematists, and geneticists. 
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The evolution and diversification of lichen symbioses 
 


Nelsen M. P.1,2, Lücking R.2, Lumbsch H. T.2 and Ree R. H.2 
 


1Committee on Evolutionary Biology, University of Chicago, Chicago, Illinois, U.S.A. 
2Science and Education, The Field Museum, Chicago, Illinois, U.S.A. 


 
The lichen symbiosis is arguably one of the most successful nutritional modes among 
the fungi. Lichen-forming lineages are primarily confined to Ascomycota where they 
are scattered across the clade Leotiomyceta. The majority of lichen-forming fungi are 
contained in the class Lecanoromycetes (Ascomycota), a large, primarily lichenized 
clade encompassing approximately 14,000 species.  Here we explore patterns of 
diversification within Lecanoromycetes by constructing a large-scale phylogeny and 
assessing how patterns of lineage diversification vary: (1) across clades; (2) over time; 
(3) by primary photobiont type (green algal vs. cyanobacterial). We then discuss the 
role angiosperms may have played in shaping the diversification of Lecanoromycetes. 
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Inferring the global distribution of macro-fungi using international nucleotide 
sequence database 


Hirotoshi Sato 
 


Center for Ecological Research, Kyoto University, Japan 
 
Knowing the geographical distribution patterns of species is central to gaining an 
understanding of the mechanisms that generate biodiversity and speciation. However, 
for estimating the global distributions of fungi, discriminating among cryptic species 
and eliminating under-sampling biases are important challenges. In the present study, 
a novel approach was used to address these problems and infer the global distribution 
of a given fungal ecological guild. This study addressed the global distribution of 
fungal species inhabiting warm-temperate forests on Yakushima Island in the southern 
area of Kyushu, Japan. The internal transcribed spacer 2 (ITS2) was sequenced from 
these samples and their sequences were queried against GenBank. After identifying 
similar sequences, the geographical origins of samples that yielded those sequences 
were tracked down. Bayesian zero-inflated models were used to allow for species 
whose DNA sequences have not yet been deposited in GenBank. Results indicated 
that the geographical distribution of ectomycorrhizal (ECM) fungi was strongly 
constrained by host specificity, resulting in the occurrence of these fungi intensively 
in the neighboring regions. On the other hand, saprotrophic (SAP) fungi were less 
constrained by climatic conditions, resulting in a much broader distribution range. 
These results indicate that differences in constraints during colonization between 
ECM and SAP fungi were responsible for the different geographical distribution 
ranges. They also suggest that the degree of host/habitat specificity and the degree of 
isolation of potentially suitable habitats determines fungal biogeographic patterns. 
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Insights into the evolutionary history and historical biogeography of 
Parmeliaceae (Asomycota) 


Pradeep K. Divakar et al.* 
*PARSYS working team (77 co-authors) 


 
Departamento de Biología Vegetal II, Facultad de Farmacia, Universidad Complutense de Madrid, 


Madrid, Spain 
 


The family Parmeliaceae represents about 15% of the total diversity of lichenized 
ascomycetes. It is one of the most widely distributed families known from all 
continents including Antarctica. We here aim to elucidate the evolutionary history of 
the family. Results of the divergence time estimates dated the origin of the family 
back to the Cretaceous (112.50 Ma). The Parmeliaceae and angiosperms originated 
and radiated around the same time. Within the family, the first divergence occurred in 
mid Cretaceous when the crustose lineage Protoparmelia s. str. diverged from rest of 
the groups. The diversification of the parmelioid lichens, the crown group of the 
family, has occurred at the Cretaceous–Paleogene boundary. A foliose thallus with a 
non-pored epicortex and pseudocyphellae being ancestral state for parmelioid lineage 
suggests that the evolution of these key innovative traits has played a predominant 
role of the diversification into 1800 species. Other major clades in the family, such as 
alectorioid, anzioid, cetrarioid, hypogymnioid and usneoid appear to have diversified 
more recently. While most of the divergence occurred during the Paleogene, the 
radiation of the lineages appears to have occurred at different times between 
Oligocene-Miocene. In comparison to other families of lichenized fungi, 
Parmeliaceae have diversified recently. Notably, several groups in plants across the 
angiosperm phylogeny are reported to have pronounced diversification during the 
same periods. We also addressed the evolution of non-mutualistic species within the 
family. The genera Nesolechia and Phacopsis are shown to have independently lossed 
lichenization. These lichenicolous clades in the family originated at the Oligocene-
Miocene boundary. 
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Genetics of host-specificity and function in ectomycorrhizal fungi (EMF) 
H.-L. Liao1, Y. Chen2, T.D. Bruns3, K.G. Peay4, J.W. Taylor3, S. Branco3, J. M. Talbot4, and  


R. Vilgalys1 
 


1Department of Biology and 2Department of Medicine, Duke University, Durham, NC, USA 
3Department of Plant and Microbial Biology, University of California, Berkeley, CA, USA 


4Department of Biology, Stanford University, Stanford, CA, USA 
 


Ectomycorrhizal fungi (EMF) play important roles in plant function in ecosystems. 
The molecular bases underlying the symbiotic establishment of EMF and associated 
host specificity remain largely unknown. Several species of Suillus, the keystone 
member of pine associated EMF, exhibit strong host-specific associations with 
different Pinus spp. We used Suillus as a model system to study host relationships 
between EMF and Pinus. The specific relationships suggest that genetic and 
epigenetic features of Suillus and Pinus could be associated with host adaption. To 
test these hypotheses, we used genome-wide expression analysis to compare Suillus-
Pinus root samples paired as found in nature, or not. Through this approach, the 
species-specific interactomes were identified from fungal and host perspectives. 
Functional annotation analysis showed that the most of the interactomes mediated the 
conserved mechanisms across species. Our study on understanding of ectomycorrhizal 
functioning in the Suillus-Pinus system will provide insight into EMF function across 
different forest biomes. 
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The human skin mycobiome 
Keisha Findley*, Julia Oh, Joy Yang, Sean Conlan, Clayton Deming, Jennifer A. Meyer, Deborah 


Schoenfeld, Effie Nomicos, Morgan Park, Heidi H. Kong, and Julia A. Segre 
 


Skin, the largest organ of the human body, serves as the first line of protection against 
pathogenic microbes. Most genomic studies on skin and other body sites have focused 
primarily on bacterial sequence data to understand the underlying causes of human 
disease. However, microbial diversity is not limited to bacteria. Microbes, like fungi, 
are a vital component of healthy human skin and play a key role in microbial 
community stability, human health, and disease. In this study, we amplified and 
sequenced the ITS1 fungal specific region and the bacterial 16S rRNA gene across 14 
skin sites in ten healthy adults and also ascertained the longitudinal stability of the 
fungal microbiota. The results revealed that the 11 core-body and arm sites were the 
least diverse and were primarily dominated by Malassezia while the foot sites (plantar 
heel, toenail, and toe web) exhibited high fungal diversity. Furthermore, analysis of 
bacterial and fungal communities across the human body demonstrated that the 
physiologic attributes and topography of skin differ between the two microbial 
communities. Fungal diversity reveals another layer of complexity to host-
environment interactions and sets the stage to explore the role of commensal and 
pathogenic bacterial and fungal microbial communities in human health and disease. 
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Niche engineering demonstrates a latent capacity for fungal-algal mutualism 
Erik F. Y. Hom1* and Andrew W. Murray2 


 
1University of Mississippi, USA 


2FAS Center for Systems Biology and Department of Molecular and Cellular Biology, Harvard 
University, Cambridge, United States 


 
Mutualistic symbioses shape the evolution of species and ecosystems and catalyze the 
emergence of biological complexity, yet how such symbioses first form is unclear. 
We show that an obligate mutualism between the yeast Saccharomyces cerevisiae and 
the alga Chlamydomonas reinhardtii—two model eukaryotes with very different life 
histories—can arise spontaneously in an environment requiring reciprocal carbon and 
nitrogen exchange. This capacity for mutualism is phylogenetically broad, extending 
to other Chlamydomonas and fungal species. Furthermore, we witnessed the 
spontaneous association of Chlamydomonas algal cells physically interacting with 
filamentous fungi. These observations demonstrate that under specific conditions, 
environmental change induces free-living species to become obligate mutualists and 
establishes a set of experimentally tractable, phylogenetically related, synthetic 
systems for studying the evolution of symbiosis. 
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Evolution of specificity within the lichen-forming genus Peltigera and its 
cyanobacterial partner: consequences on speciation rate and geographical range 


Magain, N.1,2,, Miadlikowska, J.2, Goffinet, B.3, Sérusiaux, E.1and Lutzoni, F.2 
 


1 Evolution and Conservation Biology, University of Liège, SartTilman B22, B-4000 Liège, Belgium 
2Department of Biology, Duke University, Durham, North Carolina 27708-0338 USA 


3Ecology and Evolutionary Biology, University of Connecticut, Storrs, Connecticut 06269-3043 USA 
 


Variation in specificity among symbiotic partners is key to a comprehensive 
understanding of the evolution of symbiotic systems. This variation is expected to 
occur within species as well as within a broader inter-species phylogenetic 
framework. We assessed the level of specificity of lichen-forming Peltigera species of 
the section Polydactylon (mycobiont) and their cyanobacterial partner Nostoc 
(cyanobiont), by inferring the phylogeny of the mycobiont, based on five nuclear loci, 
and of their respective cyanobionts, using the rbcLX region. A total of 208 lichen 
thalli, representing ca. 40 putative Peltigera species, were sampled worldwide. We 
found a broad spectrum of specificity for both partners, ranging from strict specialists 
to generalists. However, mycobionts are usually more specialized than cyanobionts by 
associating mostly with one or few Nostoc phylogroups, whereas cyanobionts 
associate frequently with several Peltigera species. A relatively recent colonization of 
a new geographic area (South America) seems correlated with a switch to a generalist 
pattern of association by the mycobiont, and an increased rate of diversification. 
Specialization of the mycobiont seems to be acquired through time, i.e., favored in 
areas where species have been established for long periods of time, and to be 
associated with lower mycobiont genetic diversity. Overall, geographic ranges of 
these Peltigera species increase with the number of phylogroups with which they can 
associate successfully. Therefore, the evolution of specificity seems to play a key role 
in defining the geographical range of mycobiont species and cyanobiont phylogroups, 
and in mediating shifts in diversification rates of these Peltigera species. 


 







 208 


Invited speaker 8.3 
 


What can >50,000 cultures tell us about the ecological specificity of endophytes 
and related fungi ? 


A. Elizabeth Arnold1, Jana M. U'Ren1, Valerie L. Wong2, Emilie LeFevre3, Kayla R. Arendt1, Ko-
Hsuan Chen3, Ryoko Oono4, Jolanta Miadlikowska3, Ignazio Carbone5, Georgiana May2, David 


Baltrus1, François Lutzoni3 
  


1School of Plant Sciences, The University of Arizona, Tucson, AZ 85721 USA 
2Department of Ecology Evolution and Behavior, University of Minnesota, St. Paul, MN 55108 USA 


3Department of Biology, Duke University, Durham, NC 27708 USA 
4Department of Ecology, Evolution, and Marine Biology, University of California,  


Santa Barbara, CA 93106 USA 
5Department of Plant Pathology, North Carolina State University, Raleigh, NC 27695 USA 


 
Endophytes represent the most ubiquitous and diverse guild of plant-associated fungi. 
Despite their ancient affiliations with plants, their importance in plant health and 
productivity, their presence in all biomes, and their occurrence in all major lineages of 
land plants, they remain remarkably enigmatic. In particular, lines between 
endophytes and other functional groups (especially endolichenic fungi, saprotrophs, 
and pathogens) are blurred, and insights into their ecological specificity often are 
limited by methodological issues. Here we draw from collections of more than 50,000 
endophytes from the tropics to the tundra to examine the genomic, taxonomic, and 
functional aspects of endophyte biodiversity, addressing newly detected patterns at 
the species- and clade levels in their geographic and host distributions. Using 
complementary insights from genome- and population-level analyses, multi-locus 
phylogenetic analyses, and new perspectives on the roles of endohyphal bacteria in 
shaping the ecological function of endophytes, we will present a synthetic view of 
what it means to be an endophyte, how culture-based insights into endophyte ecology 
differ from those obtained by next-generation sequencing, and how the field might 
unite in the next decade to understand the ecological, evolutionary, and applied 
importance of these hyperdiverse and widespread symbionts of the plants on which 
human sustainability depends. 
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An overview of oomycete phylogeny with emphasis on early diverging clades (74) 
Gordon W Beakes1, Sally L Glockling2, Satoshi Sekimoto3, Amerssa Tsirigoti4 


 
1School of Biology, Newcastle University, Newcastle upon Tyne, NE1 7RU, UK 


2135 Broderick Road, Hampden Park, Eastbourne, BN22 9R 
3Biological Resource Center, NITE (NBRC), Chiba, 292-0818 Japan 


4University of Athens, Faculty of Biology, Department of Botany, Athens 157 84 Greece 
 


The stramenopiles encompass a number of fungal-like groups. The Labyrinthulales 
are cousins to a clade which includes the oomycetes, hyphochytrids, and ochrophytes. 
The earliest diverging oomycete clade encompasses the phaeophyte parasite 
Eurychasma and the achelminth parasite Haptoglossa. These two genera share a 
common root, although their clade is deeply branched. Ultrastructural studies have 
revealed that both have complex injection type infection structures which respectively 
puncture the host wall or cuticle. The other early diverging (often paraphyletic) clades 
contain predominantly marine holocarpic genera such as Olpidiopsis, which 
parasitizes other oomycetes and marine algae and Haliphthoros and Atkinsiella which 
are crustacean parasites. Few of these early diverging genera have oogamous sexual 
reproduction. Their young thalli are often plasmodial and show a close perinuclear 
clustering of mitochondria during the early stages of zoosporogenesis. Some 
holocarpic parasites of achelminths and crustaceans occur within the higher (crown) 
oomycete clades. These include many Lagenidium/Myzocytiopsis species that fall 
within the Peronosporales s. lat. and Chlamydomyzium, that is close to Leptomitusand 
Aquastella which is in the Aphanomyces clade. The oomycetes have their 
evolutionary origins in the sea and have evolved from ancestors with simple 
holocarpic thalli. Host switching between invertebrates and plants may have occurred 
many times in their evolutionary history. This is an account of the molecular 
systematics and phylogeny of the osmotrophicstramenopile lineages traditionally 
studied by mycologists, which include the Labyrinthulomycota, Hyphochytriomycota 
and Oomycota. All three groups produce zoospores with a mastigonate anterior 
flagellum and all fall within the kingdom Straminipila which is part of the larger 
stramenopile/alveolate/rhizaria (SAR) superkingdom. The labyrinthulids and 
thraustochytrids are part of the same monophyletic clade as the bicoecids, 
proteromonads and opalinids, whilst the hyphochytrids and oomycetes are part of a 
sister clade, together with all the ochrophyte algae and some bacteriotrophic 
flagellates. Both are believed to have evolved from a common mixotrophic flagellate 
ancestor. The Labyrinthulomycota contains two order level clades, the 
Thraustochytridiales (encompassing a half dozen or so thraustochytrid families and 
Diplophrys-like protists) and the Labyrinthulales (containing the Labyrinthulaceae 
and Aplanochytridiaceae). The Hyphochytriomycota (based on sequence data for 
Hyphochytrium and Rhizochytrium) fall into a well supported monophyletic clade that 
sits between the Ochrophyta and the Oomycota, although recent unpublished evidence 
suggests that the Anisolpidiaceae will probably be excluded. The Oomycota are the 
largest and most complex stramenopile clade. Four early diverging order level clades 
(Eurychasmales, Haptoglossales, Olpidiopsidales s. lat. and Haliphthorales) are 
recognised but have not been assigned to classes. Nearly all early diverging genera are 
marine organisms that are parasites of either either algae, acheleminthes or 
crustaceans. The later diverging oomycetes are mostly found in freshwater and 
terrestrial ecosystems and fall into two class level clades, the Saprolegniomycetes and 
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Peronosporomycetes. Both have been split into three orders (Atkinsiellales, 
Leptomitaless.lata. and Saprolegniales for the former and Rhipidiales, Albuginales 
and Peronosporaless.lata. for the latter). Morphological characteristics associated with 
zoosporogenesis and sexual reproduction are discussed in relation to our revised 
phylogenetic framework. Finally a possible evolutionary timeline is discussed based 
both on molecular and fossil evidence.  
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Saprolegniomycete diversity 
Javier Diéguez-Uribeondo 
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Untangling Pythium, Lagenidium and their relatives 
CFJ Spies, AWAM de Cock, SL Glockling, C-Y Chen, A Grooters, CA Lévesque 


 
Pythium and Lagenidium have been taxonomic problem genera since their description 
in the late 1850s. Molecular phylogenies resolved many issues within Pythium, eg. 
splitting the genus into Phytopythium, Elongisporangium, Globisporangium, 
Pilasporangium, and Pythium. Nevertheless, relationships between these genera and 
related taxa like Lagena and Pythiogeton have not been resolved. Lagenidium has 
received much less attention. Molecular data for described Lagenidium species and 
related genera such as Myzocytium, Myzocytiopsis, Gonimochaete, Salilagenidium, 
etc. are almost nonexistent. This problem is being addressed by sequencing 18S, ITS, 
28S, cox2 and β-tubulin of lagenidiaceous parasites of nematodes, mammals, and 
algae. Phylogenetic analysis puts a monophyletic Myzocytiopsis clade within 
Lagenidium s.l. that also contains Salilagenidium. Lagena radicicola and some 
Lagenidium species from nematodes and algae cluster in Pythium, indicating 
paraphyly in the revised version of Pythium. The new mammalian pathogenic genus 
Paralagenidium forms an early diverging clade in the Peronosporomycetes with 
uncertain order-level association. Support for many nodes in the broad phylogeny 
remains low. Sequencing of new phylogenetic markers selected from genome 
sequences shows promise for resolving this problem in the genus Pythium, but similar 
data for Lagenidium s.l. are limited. Further taxon sampling is needed to verify 
relationships between taxa and draw up a robust Oomycetes taxonomy. 
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Peronosporomycete diversity 2. obligate plant pathogens – Albuginales and 
Peronosporaceae 


Marco Thines  
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Digitization of biological collection data with a focus on mycology and 
lichenology 


Scott Bates1, Edward Gilbert2, Corinna Gries3, Roy Halling4, Thomas H. Nash III5, Barbara Thiers6 
 


1Plant Pathology Department, University of Minnesota, United States 
2Global Institute of Sustainability, Arizona State University, United States 
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4Science Division, New York Botanical Garden, United States 
5Department of Botany, University of Wisconsin, Madison, United States 


6Science Division, The New York Botanical Garden, United States 
 


Fungal organisms are critical components in ecosystems across the World. As agents 
of decay, for example, sabrobic fungi play a pivotal role in the global carbon cycle. 
As part of symbioses with plants, mycorrhizal fungi are key to maintaining forests 
world-wide. Another symbiotic group, lichenized fungi, are among the most sensitive 
indicators of environmental variance, making them ideal biomonitors for climate 
change. Despite their considerable importance, we have only a rudimentary 
understanding of fungal diversity. Millions of specimens of fungi, both lichenized and 
non-lichenized, are deposited in institutional collections throughout the United States 
that document their biodiversity, phenology, and distributions; however, data on these 
specimens has essentially been unavailable. Two NFS Advancing Digitization of 
Biodiversity Collections projects, the Macrofungi Collection Consortium and North 
American Lichens and Bryophytes, are digitizing fungal specimens and making these 
data available, in part with the assistance crowd-sourcing efforts by citizen scientists. 
Now, over 3 million specimen-based records of fungi from over 50 data providers are 
easily accessible online, making this important dataset widely available to the 
scientific community. 
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The phylogenetic data pipeline COMPARE: new bioinformatic tools to gain 
insight into processes of fungal genome evolution 


Laszlo G. Nagy and David S. Hibbett 
 


Large-scale genome sequencing projects generate unprecedented amounts of data 
with a great premise to understand genome evolution and the genetic bases of 
phenotypic innovations. At the same time, comparisons of multiple whole genomes 
pose significant analytical challenges, most importantly because of the phenomenon 
known as phylogenetic non-independence, which makes most traditional statistical 
approaches inappropriate. Here, we present a new analytical strategy, COMPARE, 
which infers broad patterns of genome evolution, identifies the genetic bases of 
phenotypic traits and formulates functional hypotheses for gene families with 
unknown function. In brief, COMPARE relates gene duplication and loss history in 
multiple whole genomes to the evolution of the trait of interest and filters genes and 
gene families that evolve in a correlation fashion with the trait. COMPARE can be 
used on any collection of gene families and corresponding gene trees from whole 
genomes. We will present some recent findings made using COMPARE and a 
reconstruction of genome evolution across fungi, which resolves gene duplication/loss 
histories for each gene family across the whole genome for each internal node of the 
phylogenetic tree of 59 included fungal species. 
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Workflows for nomenclatural and taxonomic data in mycology: Index 
Fungorum, Species Fungorum and the GNA 


Paul M. Kirk 
 


Royal Botanic Gardens Kew, UK 
 
Recent enhancements to Index Fungorum (IF) will be described and prospects for the 
future of this indispensible resource will be revealed. The relationship between Index 
Fungorum and Species Fungorum (SF) will be explained in detail. A progress report 
on the development of the Global Names Architecture (GNA) and the Global Names 
Usage Bank (GNUB) will be given. This will include improved methods for linking 
names to occurrences in the 42 million digitized pages served by the Biodiversity 
Heritage Library and for ‘crowd sourcing’ authentication of these links. Prospects for 
the future will be discussed including mechanisms and options for automated 
registration of names and other nomenclatural events. 
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Tying names to sequences and specimen data in GenBank 
Conrad Schoch*, Barbara Robbertse 


 
NCBI / GenBank, National Institutes of Health, United States 


 
We focus on improving the traceability of specimen and culture collection data by 
discussing ways to standardize unique identifiers. As part of an effort to improve 
veracity of sequence information and update taxonomic identification we also report 
on the efforts to release accessions in a separate curated database, RefSeq Targeted 
Loci. These were selected from the public records and re-annotated and verification 
with the help of a large group taxonomic experts. Additional ways to highlight type 
material, improve links to other databases and utilize the BLAST interface will be 
discussed. Protocols will be proposed in order to improve the data quality of new 
sequences as well as ways to use type and other reference sequences. As part of the 
International Nucleotide Sequence Database Collaboration (INSDC) GenBank fulfils 
a dual role, acting as archive as well as database. We will present ways to enhance 
and improve fungal identification, despite these constraints. 
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“Dark” taxa coming to light? Streamlining formal descriptions of fungal species 
identified with DNA barcode data 


Lyubomir Penev1*, Urmas Koljalg2, Kessy Abarenkov2, Teodor Georgiev1 & Pavel Stoev1 
 


1Pensoft Publishers, Prof. Georgi Zlatarski Street 12, 1700 Sofia, Bulgaria 
2University of Tartu, Tartu, Estonia 


 
We offer a solution for streamlining descriptions of new species identified as such 
with barcode data by establishing a publication workflow between the UNITE 
database and Pensoft. Voucher specimens metadata (occurrences, images, 
classifications, primers, etc.) that are deemed to represent “species hypotheses” can be 
imported into the Pensoft Pensoft Wrting Tool (PWT) “at the click of a button”. In 
this way, the authors will generate a taxonomic manuscript, comprising a number of 
taxon treatments with several structural elements being automatically filled in. 
Authors will then further elaborate the treatments by providing species epithets, 
morphological descriptions, diagnoses, or additional taxonomic remarks to complete 
the description according to the requirements of the biological codes. The manuscript 
than could be extended further with formal sections, such as Introduction, Results and 
Discussion, etc., and then submitted for a community peer-review and publication in 
the Biodiversity Data Journal (BDJ). On the day of publication, BDJ will 
automatically return back to UNITE all data and text of the published article in 
machine-readable format, so that these could be linked back to the original UNITE 
record. Reference sequences will be flagged for automated harvesting by the 
GenBank’s RefSeq database. The pilot aims at facilitating the integration between 
morphology-based and DNA-based taxonomies and is supported in part by the EU-
funded project EU BON.  
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Omics and meta’omics dataflows in mycology 
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Omics data from individual organisms and meta’omics data from organismic 
associations or communities in environmental samples like soil, host tissues, water or 
air, populate an increasing number of databases and are redistributed to the public via 
data portals and web services. These data mostly concern nucleotide and translated 
protein sequences from genes and genomes, patterns of hybridisation signals from 
transcripts or translation products, as well as manifold information on molecular 
structures or pathways. 


While gene and transcriptome data of individual organisms are nowadays 
routinely processed, the handling of meta’omics data is still challenging. An ulterior 
scope is even emerging: the joining of omics and meta’omics data with ecosystem 
metadata, such as site characteristics, methodological details, organismic traits, and 
information on sample deposition in repositories. 


For comprehensive analysis of such diverse data, the content of different 
databases has to be linked. Data nodes with database registries and data record ID 
resolvers are preconditioned for providing this data integration. Mechanisms, which 
collect and redistribute such identifiers among data nodes, need to be established. 
Currently, networks of web services and platforms are set up, allowing for the 
presentation and downstream analysis of content-enriched omics and environmental 
meta’omics data. 
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UNITE system and Next Generation Sequencing 
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Internal Transcribed Spacers locus curation 
Henrik Nilsson 


 
University of Gothenburg, Sweden 


 
The nuclear ribosomal internal transcribed spacer (ITS) region is the formal fungal 
barcode and the most popular marker choice for molecular identification and 
environmental sequencing of fungi. The public fungal ITS sequences differ 
dramatically in reliability, technical quality, and level of metadata available. This 
presentation reviews the situation and presents the results (50,000+ changes) of two 
recent annotation efforts of public fungal ITS sequences. Principles of third-party, 
web-based ITS curation and annotation in the UNITE database (http://unite.ut.ee) are 
discussed, and everyone with taxonomic expertise in any given group of fungi are 
invited to take part in the annotation effort. 
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Next Generation Sequencing data management 
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MycoBank registration system at the next generation sequencing age 
Vincent Robert 
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MycoBank is a registration system for fungi established in 2004 to capture all 
taxonomic novelties. Since January 2013, registration of fungal names is a mandatory 
requirement for valid publication under the International Code of Nomenclature for 
Algae, Fungi and Plants (ICN). MycoBank has implemented many database and 
software innovations over the past few years such as advanced queries, registration of 
typification events (MBT numbers for lecto, epi- and neotypes), multi-lingual 
database interface, nomenclature discussion forum, annotation system, and web 
services with links to third parties. We also introduced novel identification services, 
linking DNA sequence data to numerous related databases to enable intelligent search 
queries. Although MycoBank fills an important void for taxon registration, major 
challenges remain for the future to improve links between taxonomic names, strains 
and DNA data. Strains are the real anchors of species. While the home of species is in 
MycoBank, strains have no central place where to be stored. This is why we’ll soon 
launch the StrainsBook concept to host important strains or specimen’s data and link 
them to MycoBank as well as to databases such as GenBank, UNITE, PubMed and 
many others. At the next generation sequence age, many of the novelties will come 
from environmental sampling where the association with a specimen or strain is 
extremely difficult and often impossible. We need a mechanism to capture this hidden 
diversity and we will therefore propose a formal system for naming fungi known from 
DNA sequence data only. 
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Species delimitations and thresholds for automated identification and 
classification 
Kessy Abarenkov 
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Cell wall proteome of Sporothrix spp. 
Kubitschek-Barreira P.H1, Rodrigues A.M2, de Camargo Z.P2, Lopes-Bezerra L.M1* 


 


1Universidade do Estado do Rio de Janeiro, Laboratório de Micologia Celular e Proteômica, Rio de 
Janeiro, Brasil; 


2Universidade Federal de São Paulo, São Paulo, Brasil. 
 
The Sporothrix genus comprises cryptic pathogenic species known as the etiological 
agents of human and animal sporotrichosis, a subcutaneous mycosis with multiple 
clinical manifestations. Currently, the main species related to the outbreak of 
sporotrichosis in Brazil are S. schenckii and S. brasiliensis. Our goal was to unveil 
cell wall proteins that could be involved in virulence and/or imunnomodulation of 
these two species using a proteomic strategy. The first sptep was to apply 
bioinformatics, ProFASTA and FungalRV in silico predictors, to predict in the genome 
database the putative cell wall proteins and/or adhesins. The results show different 
protein patterns between the two cryptic species, but the algorithims agreed only in 
10% of the proteins. In order to confirm and/or certify the data generated by the in 
sillico analysis, a shotgun proteomic analysis was performed by direct trypsin 
digestion of yeast cells of S. schenckii and S. brasiliensis. This analysis revealed that 
only 10 out of 118 proteins predicted were identified on S. schenckii cell wall, by LC-
MS/MS. Accordingly, only 10 out of 106 predicted proteins were identified on S. 
brasiliensis cell wall. Interestingly, we could identify significant differences in the 
biological classification of cell wall proteins when comparing S. schenckii and S. 
brasiliensis. Moreover, we also performed a 2D-DIGE proteomic approach with 
whole cell extracts of S. schenckii and S. brasiliensis. For this analysis, differential 
abundances ratios with a 1.5-fold or more changes in abundance (p ≤ 0.05) were 
considered for protein identification. Using this approach we could identify isoforms 
and glycoforms of the major adhesin/antigen described on the cell wall of these 
pathogenic species, the gp70 component. This work was supported by Faperj, Fapesp 
and CNPq. 
 
*Presenter : Lopes-Bezerra L.M 
Email : leila@uerj.br; lmlb23@globo.com 
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Therapeutic vaccine using anti-gp70 monoclonal antibody in experimental 
sporotrichosis 
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Evolution of pathogenicity drives the global emergence of Sporothrix species 
  Anderon Messias Rodrigues  


 
University of São Paulo - Escola Paulista de Medicina (EPM), Brazil 


 
 
 







 228 


SIG 1 : Sporothrix and sporothrichosis 
 


Microbial interactions between Sporothrix and bacteria: implications on fungal 
growth and melanization 


Rodrigo Almeida-Paes 
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The immunoglycobiology of Sporothrix cell wall 
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Sporotrichosis is a subcutaneous mycosis distributed worldwide; whose etiological 
agent are members of the Sporothrix schenckii complex. The infection is generally 
fixed and may become disseminated in immunocompromised patients. Since the 
host’s immune status is relevant for the disease control, the study of the fungus-
immune system interaction is quite relevant to understand basic aspects of this 
disease. Studies using mice with chronic granulomatous disease showed that the 
reactive oxygen species-based killing mechanism is essential for killing of 
phagocytosed S. schenckii cells, and that TLR4 and TLR2 are immune receptors 
relevant for its sensing. Despite this significant progress in the Sporothrix immune 
sensing, little is known about the interaction between the fungus with human immune 
cells, the identity of the main pathogen-associated molecular patterns, and the 
relevance of the dimorphism in such interaction. Here, using peripheral blood 
mononuclear cells and different S. schenckii and S. brasiliensis morphotypes we show 
that cytokine stimulation is dependent on the presence of certain cell wall components 
and cell morphology. In S. schenckii, TNF and IL-6 stimulation was dependent on 
the presence of O-linked glycans on conidia surface, but dectin-1-independent; 
whereas in yeast cells production of these cytokines requires recognition of both O-
linked glycans and 1,3-glucan. In addition, our results also indicate that hyphae may 
have naturally exposed significant amounts of 1,3-glucan, as live and heat-
inactivated cells stimulated similar levels of both cytokines. We did not found 
significant differences in stimulation of IL-10 and IL-1 by conidia or yeast cells, but 
hyphae stimulated reduced IL-10 levels. In S. brasiliensis, we found no stimulation of 
IL-1or significant changes in IL-6 production by any of analyzed morphologies. 
However, yeast cells, but not conidia or hyphae, were capable to stimulate significant 
levels of TNF and IL-1, in a dectin-1-dependent mechanism. Presence of O-linked 
glycans was dispensable for production of TNF, but loss of this cell wall component 
stimulated significantly higher levels of IL-1, indicating it is masking cell wall 
components relevant for IL-1 stimulation. On the contrary, we found that O-linked 
glycans are required for proper IL-10 stimulation by yeast cells and hyphae, but not 
for conidia. Overall, these results suggest that morphology and cell wall components 
play significant roles during S. schenckii and S. brasiliensis sensing by innate immune 
cells. 
 
*Presenter : Héctor M Mora-Montes   
Email : hmora@ugto.mx 
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Recent harpellalean study in Japan 
Hiroki Sato 


 
Forest Entomology, Forestry and Forest Products Research Institute, 


1 Matsunosato, Tsukuba, Ibaraki 305-8687, Japan 
 
Harpellales (Kickxellomycotina) is a fungal group living in the gut of aquatic insects 
in Ephemeroptera, Plecoptera and Diptera, and aquatic arthropodes. In Japan, the first 
report of Harpellales was published in 1987 and included 6 genera (Harpella, 
Harpellomyces, Stachylina, Caudomyces, Pennella, and Smittium) and 14 species. In 
that report, the order of the host was limited in Diptera. After that a few studies 
followed. Active collection started since 2011 not only focused on Diptera but also 
Ephemeroptera and Plecoptera. As a result, 16 genera (newly recorded: Bojamyces, 
Capniomyces, Ephemerellomyces, Genistelloides Lancisporomyces, Orphella, 
Simuliomyces, Trichozygospora, Zancudomyces, and Zygoporalis-like fungus) and 27 
species (including known species) were recognized, including not identified species. 
To examine exuviae collected from the rock surface of the river side was a good 
method for harpellalean collection. Freezing larvae is an effective method for 
preserving many insect larvae. Harpella melusinae and Simuliomyces microsporus 
were detected from defrost blackfly larvae preserved seven months at -20C. 
Advertising Harpellales to amateur mycological activities is important for extending 
knowledge of this group. In a workshop, all participant could observe Harpella 
melusinae, after dissection of host insects by themselves.  
 
Keywords: gut fungi, Harpellaceae, Legeriomycetaceae, Trichomycetes 
 
Presenter: Hiroki Sato 
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Taxonomic intricacy of Cordyceps s.l. species that have no support of molecular 
data 


Bhushan Shrestha 
 


Institute of Life Science and Biotechnology, Sungkyunkwan University, Suwon 440-746, South Korea 
 
Genus Cordyceps Fr. (a combination of the Greek word cordyle and the Latin word 
caput) was established by Fries (1818) basically to accommodate club-shaped fungi 
with sphaeriaceous characters under traditional Pyrenomycetes (Ascomycota). Later, 
the genus was confined to entomogenous and mycogenous species owing to their 
common growth habits and macro- and micro-morphological characters 
(Clavicipitaceae, Hypocreales). Taxonomy and subgeneric divisions of Cordyceps s.l. 
were totally dependent on morphological and ecological characters. However, 
phylogenetic classification has played an important role in practice after the 
publication of Sung et al. (2007) that split Cordyceps into distinct phylogenetic genera 
Cordyceps s.s. (Cordycipitaceae), Metacordyceps (Clavicipitaceae), and 
Elaphocordyceps and Ophiocordyceps (Ophiocordycipitaceae) in Hypocreales. In this 
presentation, few species of Cordyceps s.l. having similar morphological and 
ecological data are discussed that will pose some confusion to non-molecular 
identification. Also, there are many species of Cordyceps s.l. that have been reported 
only from the type collections and their availability and utility should be carefully 
analyzed. Similarly, in case of some Cordyceps cultures, very slow growth of actual 
Cordyceps mycelia accompanied by rapid growth of contamination may lead to 
misidentification of the isolates. These issues will be highlighted in the presentation 
based on literature survey. 
 
Presenter : Bhushan Shrestha 
Email: bhushan.shrestha@gmail.com 
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Biodiversity of entomology pathogenic fungi at Pu Mat National Park, Nghe An 
province, Vietnam 


Nguyen Thi Thanh 
 


 Vinh University, Vietnam 
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Potential application of entomopathogenic fungi for biological control 
Sumalee Supothina1*, Cheerapha panyasiri2, Sukitaya Veeranon2 and Mongkol Audtho3 


 


1Fermentation Technology and Biochemical Engineering Laboratory, 2Bioassay Laboratory and 


3Biocontrol Laboratory. Bioresources Technology Unit, National Center for Genetic Engineering and 
Biotechnology, 113 Thailand Science Park, Paholyothin Rd., Klong 1, Klong Luang, Pathum Thani 


12120 
 


Thailand is a tropical country that is host to an abundance of entomopathogenic fungi. 
Several fungal strains have the potential to be insect pest control agents because they 
are very specific to insect pests and harmless to animals or plants. At present, more 
than 9,000 entompathogenic fungi isolated from different sites around the country 
have been deposited in BIOTEC Culture Collection (BCC) of the National Center for 
Genetic Engineering and Biotechnology. Pathogenicity of 301 entomopathogenic 
fungi isolated from Hemiptera, Homoptera and Lepidoptera against three insect pests, 
including Myzus persicae, Nilaparvata lugens and Spodoptera exigua, was studied. 
The results showed that Beauveria bassiana BCC48145 was the most effective 
against M. persicae and N. lugens with LC50 values of 1.14 × 104 and 2.77 × 105 
conidia/ml, respectively. No fungal strains exhibited strong pathogenicity to S. exigua. 
Moreover, comparative virulence tests in greenhouse conditions showed that B. 
bassiana BCC48145 was more effective than the commercial strain B. bassiana 
ATCC74040 for aphid control. The optimal conditions for aphid control by 
BCC48145 and ATCC74040 were observed in monsoon season with mortality rate of 
75.6% and 56.4%, respectively. When this fungus was tested against the aphids in a 6-
rai rice field, compared to buprofen, a chemical insecticide, the results showed that 
non-target insects were alive in the field applied with B. bassiana conidia. The rice 
crops sprayed with fresh fungal spores and buprofezin yielded 754 and 706 kg/rai, 
respectively. Similar results were also observed when the fungal product was used to 
control green peach aphid. For controlling cowpea aphid (Aphis craccivora), B. 
bassiana BCC48145, malathion, and the control produced longbean yield 22.5, 26.91 
and 5.36 kg/treatment, respectively. 
Key words:  Beauveria bassiana, Myzus persicae, Spodoptera exigua, Nilaparvata 
lugens 
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Infection and pathogenesis mechanisms of the entomopathogenic fungus 
Beauveria bassiana on insect hosts: focusing on the intra-hemocoelic stages 


Alongkorn Amnuaykanjanasin1*, Wachiraporn Toopaang1, Jiraporn Jirukkakul2, Chettida Srisuksam2, 
Pratchya Swangmaneecharern2, Yu-Liang Yang3, Pi-Yu Chen3, Suranat Ponghanphot1, Rudsamee 


Wasuwan1, Supapon Cheevahanarak2, and Morakot Tanticharoen2 
 


1 National Center for Genetic Engineering and Biotechnology, National Science and Technology 
Development Agency, 113 Paholyothin Road, Klong 1, Klong Luang, Pathumthani 12120 Thailand 


2School of Bioresources and Technology, King Mongkut’s University of Technology Thonburi 
(KMUTT), Bangkok 10140 Thailand 


3 Agricultural Biotechnology Research Center, Academia Sinica, No. 128, Sec. 2, Academia Road, 
Nankang, Taipei 115 Taiwan 


 
Secondary metabolites can play important roles in host-pathogen interaction. We 
investigated roles of two insect-specific polyketide synthase genes and one 
nonribosomal peptide synthetase gene in insect pathogenesis mechanisms.  Our host-
pathogen interaction model focuses on the fungal pathogen Beauveria bassiana 
BCC2660 and insect hosts.  We performed targeted gene disruption of pks14 
(reducing clade IIb), pks15 (reducing clade III), and a nonribosomal siderophore 
synthetase ferS using Agrobacterium-mediated transformation.  PCR analysis verified 
that disruptants had an integration of the selectable marker gene in the targeted gene.  
The pks14- and pks15-null mutants had a marked reduction in virulence against beet 
armyworm and silkworm by intrahemocoelic injection.  The amoeboid phagocytic 
assay indicated that the pks15 disruptant was significantly reduced in the phagocytic 
survival ability compared with wild type, suggesting that the PKS15-synthesized 
polyketide product contributes to the evasion from phagocytosis, a crucial part of the 
host innate immune response.  We are also investigating phenotypic effect of ferS 
disruption.  Furthermore, MALDI imaging mass spectrometry of B. bassiana-infected 
beet armyworm and silkworm was performed to find metabolites specific for infected 
larvae compared to saline-injected controls.  At least seven metabolites, m/z 671, 770, 
800, 818, 822, 836, and 947, were uniquely detected in the infected insects.  Among 
these, m/z 671, 770, 800, and 818 could also be found in the intact-cell MALDI mass 
spectrum of B. bassiana conidia. When B. bassiana was cultured in the medium 
containing silkworms, the production of metabolites m/z 822 and 947 increased.  The 
metabolites m/z 822 and 947 were determined as beauvericin and bassianolide 
respectively using high resolution tandem mass analysis, previously reported as 
important insect pathogenesis factors.  The other five metabolites could also be 
important molecules that promote successful fungal infection in insect hosts. 
 
Keywords: Polyketide synthase, nonribosomal peptide synthetase, Beauveria 
bassiana, Agrobacterium-mediated transformation, gene disruption, phagocytosis, 
imaging mass spectrometry  
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Potential of entomopathogenic fungi for the production of useful bioproducts 
 


Wai Prathumpai*, Pranee Rachathewee, Kanokarn Kocharin and Sumalee Supothina 
 


Fermentation and Biochemical Engineering Laboratory, Bioresources Technology Unit, National 
Center for Genetic Engineering and Biotechnology, 113 Thailand Science Park, Klong Nueng, Klong 


Luang, Pathum Thani 12120, Thailand. 
 
Entomopathogenic fungi become more great interest in the biosyntheses of 
bioproducts due to their diversities and applications. Unfortunately, the discoveries of 
their novel functions are hardly successful and only small fractions have been 
produced. This problem concerning the loss of compounds may cause their absence in 
novel compound discovery or mislead to other compounds of higher bioactivity. 
Hence, the potential of entomopathogenic fungi will be presented for the production 
of some useful bioproducts. Some selected bioproducts of naphthoquinones, 
hypothemycin and biopolymers produced by entomopathogemic fungi will be 
discussed for their bioactivities and applications. Ophiocordyceps unilateralis BCC 
1869 was found to produce six extracellular naphthoquinone derivatives, namely, 
erythrostominone, deoxyerythrostominone, 4-O-methyl erythrostominone, 
epierythrostominol, deoxyerythrostominol and 3,5,8-trihydroxy-6-methoxy-2-(5-
oxohexa-1,3-dienyl) -1,4-naphthoquinone (3,5,8-TMON). Naphthoquinones found in 
this fungus have been presented as bioactive compounds for anti-bacterial, anti-
malarial, anti-cancer purposes, as well as using them as natural colorants. 
Hypothemycin is a 14-membered resorcylic acid lactone that exhibits anti-malarial 
and anti-fungal properties, in conjunction with having cytotoxicity against various 
murine and human cell lines. It is produced by an entomopathogenic fungus, Aigialus 
parvus BCC 5311.  In addition, biopolymers in the group of glucan were produced by 
enthomopathogenic fungi. This glucan can be used as interleukin-8 stimulants in 
wound-healing processes and as prebiotics in food and feed additives. These 
demonstrated very well in using entomopathogenic fungi for the production of useful 
bioproducts and can be guidelines for future research of new bioproducts discovery 
from this group of fungi.  
 
Keywords; Entomopathogenic fungi, hypothemycin, biopolymer, Ophiocoryceps, 
naphthoquinones.   
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Pathogenicity, evaluation of host specificity, and taxonomic placement of 
Colletotrichum sp. on celery 


J. Pavel1, B. Liu1, C. Feng1,  J. C. Correll1*, S. May2, B. K. Gugino2, M. del Mar Jimenez-Gasco2,  
M. K. Hausbeck3, R. N. Raid4 and  S. T. Koike5,  


1 Dept. Plant Pathology, University of Arkansas, AR 72701 
2 Dept. of Plant Pathology and Environmental Microbiology, Pennsylvania State University, State 
College, PA 16802 
3 Dept. of Plant, Soil, and Microbial Sciences, Michigan State University, East Lansing, MI, 48824 
4 Dept. of Plant Pathology University of Florida, Belle Glade, FL 33430;  


5 University of California Cooperative Extension, Salinas, CA 93901. 
Anthracnose of celery has been reported to be caused by Colletotrichum acutatum 
senso lato, C. fioriniae and, C. simmondsii and is responsible for significant economic 
losses on celery in Australia, Japan, and in recent years, the U.S. Examination of ten 
isolates from celery from the U.S. indicated that they belonged to the molecular 
subgroup C1b of C. acutatum senso lato (with the proposed species name C. 
fioriniae) based on the intron sequence of the glutamine synthetase gene. 
Pathogenicity on celery (Apium graveolens) was assessed among a molecularly 
diverse group of isolates from various hosts and included isolates in molecular 
subgroups C (C. fioriniae), J4 (C. acutatum), J (C. lupini), D (C. nymphaeae) and F 
(C. godetiae) (Mycologia 95:872; Studies in Mycology 73:37). For greenhouse 
pathogenicity assays, celery plants were inoculated with a conidial suspension (1 × 
106 conidia/ml). Results demonstrated that all celery isolates from the U.S. were in 
subgroup C1b (C. fiorinae) and were pathogenic to celery. In addition, some non-
celery isolates in groups C1b, J4, and J also caused symptoms similar to the celery 
isolates which included leaf and petiole lesions and unusual leaf curl symptoms. No 
isolates in subgroups D and F were pathogenic to celery. Leaf curl symptoms were 
much more pronounced at higher temperatures (>30 °C).  
 
*Presenter : J. C. Correll 
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Relationship between lifestyles of Colletotrichum species and their pathogenicity 
Paul W.J Taylor 


 
Department of Agriculture and Food Systems, Melbourne School of Land and Environment, University 


of Melbourne, Parkville 3010, Victoria, Australia 
 


The mechanism of infection and colonisation of plant cells and tissue by 
Colletotrichum species has major implications in the global transmission of the 
pathogens and in the implementation of integrated disease control methods. 
Depending on the Colletotrichum species-host interactions, initial host infection 
strategies have been reported as either intracellular hemibiotrophic, subcuticular 
intramural necrotrophic, or a combination of both strategies. In addition many 
Colletotrichum species colonise host tissue as a necrotrophic pathogen, or have an 
extensive endophytic life style. Research with transgenic lines of C. truncatum 
expressing gfp identified a short endophytic life style of the pathogen after infection 
of chili fruit before the pathogen switched to being necrotrophic and killed cells 
before colonisation. Colletotrichum tanaceti that causes anthracnose of pyrethrum 
leaves produced a multi-septate, primary infection vesicle after initial infection of the 
epidermal cells before producing secondary infection hyphae. This infection strategy 
is characteristic of the C. destructivum complex of pathogens that have a 
hemibiotrophic life style which establishes infection in the host before becoming 
necrotrophic. In contrast, leaves of potato plants inoculated with C. coccodes that 
causes black dot disease of potatoes, showed no symptoms after infection however, 
the pathogen rapidly colonised the stems, roots, stolon and tubers within 12 weeks 
after inoculation indicating an extensive endophytic life style for this pathogen.  


 
Presenter : Paul W.J Taylor 
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Unraveling the anthracnose pathogens of tea (Camellia sinensis) 
Fang Liu1, Bevan S. Weir2, Ulrike Damm3, Pedro W. Crous4,5, Meng Zhang6, Yong Wang7 and Lei 


Cai1* 
 


1State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing, 
100101, China; 


2Landcare Research, Private Bag 92170 Auckland, New Zealand; 
3Senckenberg Museum of Natural History Görlitz, PF 300 154, 02806 Görlitz, Germany; 


4CBS-KNAW Fungal Biodiversity Centre, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands; 
5Wageningen University and Research Centre (WUR), Laboratory of Phytopathology, 


Droevendaalsesteeg 1, 6708 PB Wageningen, The Netherlands; 
6College of Plant Protection, Henan Agricultural University, Henan, 450002, China; 


7Guizhou University, Guizhou, 550025, China. 
 
Species of Colletotrichum cause diseases of a wide range of plants including many 
species that are economically important. In this study, 171 Colletotrichum strains 
were isolated from symptomatic leaves of tea plants (Camellia sinensis) from six 
provinces in China (Fujian, Guizhou, Jiangxi, Sichuan, Yunnan, Zhejiang), and nine 
strains were obtained from other countries including Indonesia, Java, UK, and the 
USA. These isolates were examined for their morphological characters. Full length or 
partial fragments of seven genomic loci, namely the internal transcribed spacer 
regions and intervening 5.8S nrRNA gene (ITS), actin (ACT), calmodulin (CAL), 
glutamine synthetase (GS), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), β-
tubulin (TUB2), and the intergenic region of apn2 and MAT1-2-1 (ApMAT) were 
amplified and sequenced. Based on the multi-locus phylogenetic analysis and 
phenotypic characters, 10 species could be distinguished, including seven known 
species (i.e., C. boninense, C. fioriniae, C. fructicola, C. gloeosporioides, C. karstii, 
C. siamense, Glomerella cingulata f. sp. camelliae), and three novel species. Of these, 
Glomerella cingulata f. sp. camelliae proved to be the dominant species, which is 
also shown to be highly host specific, and the most serious anthracnose pathogen of 
Camellia. Furthermore, one of the novel species proved to be phylogenetically closely 
related to the devastating coffee berry pathogen C. kahawae subsp. kahawae, which 
was rather unexpected, and warrants further investigation. 


 
*Presenter : Fang Liu 
Email: mrcailei@gmail.com 
 


 
 
 







 239 


SIG 4: Colletotrichum – when genotype meets phenotype 
 


Do we still need morphological data in the molecular era of Colletotrichum 
research? 
Ulrike Damm 


 
Senckenberg Museum of Natural History Görlitz, PF 300 154, 02806 Görlitz, Germany 


 
The genus Colletotrichum contains about seven hundred species, many of which are 
important plant pathogens. The systematics of this genus underwent drastical changes 
depending on the opinion at a certain time. Large numbers of species that were 
described over a long period based on the assumption of been host specific, had been 
synonymised almost entirely by von Arx (1957) on the basis of a very wide 
morphological concept. Today we differentiate Colletotrichum species mainly by 
comparing their DNA sequence data trying to establish a more natural classification 
system. We encounter many cryptic species within morphologically defined taxa. A 
large number of Colletotrichum species belonging to major species complexes was 
examined, morphological and molecular data were opposed and the applicability of 
morphological characters, such as conidia shape and size, conidiomata shapes and 
perithecia formation discussed. Each species complex comprises typical species and 
exceptions within the group that we need to be aware of. Although morphological 
characters studied are very variable within species and rarely work for species 
definition on their own, their recording together with other available information of 
the species is necessary as reference. These data are important for recognising new 
species, confirming molecular identifications, screening large strain numbers and for 
understanding the biology of the species. 
 
Presenter : Ulrike Damm 
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Has ‘splitting’ of the Colletotrichum group gone too far? 
K.R. Everett 


 
The New Zealand Institute for Plant & Food Research Ltd, PB 92169, Auckland 1142, New Zealand 


 
Until relatively recently the naming of plant pathogenic fungi relied exclusively on 
morphological characteristics. Within the past two decades, the use of molecular 
techniques to sequence various gene regions has revolutionised fungal systematics. 
To start with DNA sequence analysis often aligned with conventional taxonomy and 
simplified the identification of some closely related species that were difficult using 
conventional techniques. As time has passed, DNA sequence-based taxonomy has 
diverted from conventional taxonomic naming systems, and from assignation of 
names related to gene expression rather than DNA sequence.  Of concern to applied 
plant pathologists and biosecurity scientists is the propensity to use phylogeny trees 
based on DNA analysis to over-enthusiastically ‘split’ fungal genera into an 
increasing number of species unrelated to morphological and pathological features 
that are useful. An overview will be made of this issue with particular emphasis on 
Colletotrichum species. 
Keywords:  Colletotrichum, fungi, DNA, phylogeny, systematics, taxonomy. 
 
Presenter : K.R. Everett 
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Colletotrichum  - lists of names, and the role of the ISCT 
B.S. Weir 


 
Secretary, International Subcommission on Colletotrichum Taxonomy 


Landcare Research, Private Bag 92170, Auckland, New Zealand 
 
The ICN “Melbourne Code” introduced several important changes to the rules of 
fungal nomenclature, which have an impact on Colletotrichum taxonomy. In response 
the Colletotrichum research community set up the “International Subcommission on 
Colletotrichum Taxonomy” (ISCT) to deal with issues arising from the changes to the 
Code. One of these changes was the provision for developing protected lists of names, 
although the titles and format of these lists were not specified. One proposal was a list 
of good “accepted” names that would consist of only species known in the modern 
fungal species concept and with correct typification. A counterpart of this was the 
“rejected” list, with one proposal to reject all Colletotrichum names that did not have 
an extant authentic culture. A more recent proposal is to use the terms “Protected” 
and “Suppressed” lists, with a much narrower nomenclatural focus. Currently it seems 
that very few names actually need protection. Colletotrichum gloeosporioides is one 
such example, where it may need to be protected over the earlier Gloeosporium 
names. The Colletotrichum genus would also need to be protected over Vermicularia. 
However the remit of the ISCT is wider than just nomenclature.  It may be desirable 
to produce a frequently updated taxonomic list of names, similar to the original 
“accepted names” concept, where all currently accepted names are listed along with 
typification, synonymy, DNA barcode, and genomic data. 
 
Presenter : B.S. Weir 
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Introduction: Classifying, naming and communicating sequence based species 
 


Co-proposers: 
Kessy Abarenkov, Department of Botany, University of Tartu 


Pedro Crous, Centraalbureau voor Schimmelcutures. 
David Geiser, Pennsylvania State University, Fusarium Research Center 


Thorunn Helgason, Department of Botany, University of York 
David Hibbett, Biology Department, Clark University 


Paul Kirk, Royal Botanic Gardens, Kew. 
Urmas Kõljalg, Department of Botany, University of Tartu 


Henrik Nilsson, Gothenburg University, Sweden. 
Maarja Öpik, Botany Department, University of Tartu. 
Vincent Robert, Centraalbureau voor Schimmelcutures. 


Conrad Schoch, NCBI/GenBank fungal taxonomy: 
John Taylor, University California, Berkeley 


Leho Tedersoo, Department of Botany, University of Tartu 
Nathan Wilson, Marine Biological Laboratory, Woods Hole, MA 


Peter Young, Department of Botany, University of York 
 


Fungal taxa are increasingly being discovered, classified and identified using DNA 
sequences. Sequence-based identification of fungi from any biological sample has 
become a standard method in ecological, biogeographic, and metagenomic studies, 
and is also used by plant pathologists and medical mycologists. The most common 
taxonomic category identified in these studies is still the species. Operational 
taxonomic units (OTU) are widely used in ecology and are sometimes equated with 
species. However, there is still no consensus about how to implement sequence-based 
species concepts. This Special Interest Group session will address two central 
questions regarding sequence-based classification of Fungi: (1) how to delimit 
sequence-based species and connect them to the system of Linnaean names and 
classifications, and, (2) how to communicate these species in order to make different 
studies comparable and reproducible. This session is intended to present conceptual 
issues and practical solutions for sequence-based fungal classification of relevance to 
taxonomists, ecologists, medical mycologists, plant pathologists, and 
bioinformaticians. The format will be a panel discussion organized around brief 
presentations from six of the co-proposers (listed below), with ample time devoted to 
discussion. 
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Species concepts and species descriptions: from art to science 
André Lachance  


 
University of Western Ontario, Canada 


 
Yeast systematics is undergoing dramatic change as a result of easy access to DNA 
sequence information.  Elimination of dual nomenclature is providing added pressure, 
as some of the largest genera, for example Candida and Cryptococcus, are 
polyphyletic assemblages of species, most of which will require reassignment to other 
genera based on phylogenetic information.  Although the major operations of 
systematics, namely species description, taxon classification, and specimen 
identification are interconnected, each benefits differently from the sequence 
revolution.  Here, the focus will be on the species description, which itself entails a 
number of distinct activities.  The number of new species descriptions continues to 
proliferate, but one can rightly wonder whether the increase in quantity is 
accompanied by a commensurate increase in quality.  The components of a species 
description include (1) sampling and characterization of individuals, (2) assignment of 
appropriate individuals to species, and (3) the taxonomy itself, where formal 
requirements are fulfilled.  All these are equally important.  No matter what species 
concept is invoked, a species always remains a group of individuals that share certain 
properties.  This is not always clear however, as evidenced by the confusion that 
sometimes exist between the notion of strain and that of species.  To qualify as 
scientific, the description of biological phenomena must entail the determination of 
both a central tendency (norm) and a range of variation (polymorphism).  The 
existence of species as distinct groups, each of which consists of individuals that share 
a common evolutionary path, implies the existence of discontinuities between species.  
Species delineation requires the identification of these discontinuities based on an 
explicit criterion.  A scientific species description should therefore state clearly what 
criterion is used and how it is applied in each case.  Delineation based on sequence 
analysis has relied mostly on two species concepts, one that some describe as 
“genetic” and is based on the number of divergent nucleotides in a barcode sequence, 
and another that is commonly termed “phylogenetic” and is inferred from the 
formation of clades in a tree.  The two are sometimes confused and applied differently 
in different circumstances.  Problematic cases will be discussed.  Last, a call will be 
made for a renewed effort to enhance the quality of morphological data.  As much as 
the microscope will always remain powerless in generating phylogenetic information, 
the PCR cycler is not a substitute for good microscopy. Digital photography makes it 
possible to obtain reasonable quality micrographs with minimal capital investment, so 
long as sufficient effort is invested in sample preparation, operation of the equipment, 
and processing of the images. 
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The Yeast Book Project 
Teun Boekhout  


 
CBS-KNAW Fungal Biodiversity Centre, The Netherland 


 
The 5th edition of ‘The Yeasts, a Taxonomic Study’ was published in 2011 by Elsevier. 
At the 13th International Congress of Yeasts in Madison in 2012 two important 
meetings were organized, namely a yeast taxonomy workshop and an author’s 
meeting for ‘The Yeasts’. The first highlighted the need of a new nomenclature that 
abandons the dual nomenclature used until recently, whereas the second meeting was 
an open discussion on the future format of ‘The Yeasts’. It became very clear that an 
internet version that could be update in time was highly preferred. Following this 
meeting a number of talks were made with Elsevier to see if they could contribute to 
such a web-based future product. This turned out to be not the case, and, hence, we 
decided to leave Elsevier for future versions of ‘The Yeasts’. Meanwhile the editorial 
team has considered other options, such as Springer, that publishes ‘The Prokaryotes’ 
on-line and more recently Trunity, an US-based internet publisher. Talks with the 
latter were quite positive and we considered this a realistic option. During this Special 
Interest Group meeting we will discuss issues related to the future of ‘The Yeasts’. 
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New lineages of marine Dothideomycetes 
Satinee Suetrong¹, Ka-Kai Pang², K.D. Hyde³, A.H.A. Bahkali4 and E.B. Gareth Jones4* 
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Publication of the monograph on the families of the Dothideomycetes has provided us 
with a state of the art account documenting 105 families with ten new families. Up to 
2009, new marine lineages included the Aigialaceae and Morosphaeriaceae, while a 
number of taxa could not be assigned to any family e.g. Julella avicenniae, Halotthia 
posidoniae, and Mautritiana rhizophorae. Subsequent molecular studies have 
highlighted the occurrence of many new lineages of marine ascomycetes. In this 
presentation we will document marine taxa assigned to the new order 
Dyfrolomycetales, and the new families Biatrosporaceae, Halotthiaceae, 
Halojulellaceae, and Salsuginaceae (Pleosporales), and Manglicolaceae (Jahnulales). 
Placement of the genus Tirisporella has been problematic but new sequence data of 
five strains of T. beccariana collected in Thailand indicates it groups with the 
freshwater ascomycete Thailandiomyces in the Diaporthales with strong statistical 
support. However it does not group with any family in the order and a new family is 
proposed (Tirisporellaceae). 
Key words: Taxonomy, morphology, molecular data  
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A multi-gene phylogenetic analysis to resolve the taxonomy of the 
Halosphaeriaceae (Microascales, Sordariomycetes) 
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The Halosphaeriaceae is the largest family of marine Ascomycota with approximately 
56 genera and 142 species. Members in this family is thought to have invaded the 
marine habitats from the terrestrial environments and have thus evolved special 
morphological adaptations including large oil globules for flotation and various types 
of ascospore appendages for attachment to substrata. Ascospore appendage 
morphology and ontogeny have been the main characters to delineate the different 
genera in the family. Previous studies have used the 18S and 28S rDNA and RPB2 
genes to investigate the phylogenetic relationships between genera and were able to 
resolve taxonomic problems in genera such as HalosphaeriaandRemispora,, however, 
the branch supports for other clades were poor. In this study, we sequenced partial 
region of six nuclear genes including 18S and 28S rDNA, RPB1, RPB2, MCM7 and 
EF1 to re-examine the phylogeny of taxa in the Halosphaeriaceae with newly obtained 
cultures for various taxa. A Bayesian analysis recovered a phylogeny similar to 
previous studies but the posterior probability was notably higher using more 
genes/characters. The following new groupings were discernible: (1) 
Arenariomycesspp. and Haiyangasalina, (2) Moanaturbinulata and Gesashaspp., (3) 
Halosarpheia kandeliae and Saagaromyces spp., and (4) a new isolate of 
Naisinornata and Natantispora spp. A recently described taxon, Pileomyces 
formosanus, clustered in a group with Kochiellacrispa, Ocostaspora apilongissima, 
Remispora maritima, Morakotiella salina, Tirispora unicaudata, Nohea umiumi, 
Nimbospora effusa and N. bipolaris. The taxonomic implications of these groups will 
be discussed. Generally, there is a lack of morphological similarity between the 
phylogenetically closely related genera and it might be due to the rapid radiation of 
taxa in the Halosphaeriaceae. 
 
Key words: Taxonomy, morphology, molecular data 
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Revision of Asterinales 
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The types of genera of the family Asterinaceae, including 38 genera are re-examined 
and redescribed with micrographs. Thirteen genera are maintained within 
Asterinaceae, while Aphanopeltis, Neostomella, Symphaster and Viegasia are 
synonymized to genus Asterina. Six genera are typical of Aulographaceae. Anariste is 
typical of Micropeltidaceae, while Lembosiopsis is typical of Mycosphaerellaceae. 
Placoasterella and Placosoma are more typical of Parmulariaceae. Aulographina is 
typical of the family Teratosphaeriaceae, while Asterinema, Asterodothis, 
Asterotexis, Dothidasteromella, Leveillela and Petrakina are arranged in 
Dothideomycetes genera incertae sedis. Eupelte, Macowaniella, Maheshwaramyces, 
Parasterinella, Placoasterina, Trichamelia and Vishnumyces are doubtful in 
placement. The genus Parasterinella becomes redundant, as it is a synonym of 
Leveillella. The characteristic of each of the families is discussed and a phylogenetic 
tree to the families is included. The final placement of genera will depend on fresh 
collections with molecular data. 
 
Key words: Taxonomy, morphology, Asterina, type species, Lembosiaceae, 
Aulographaceae 
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The type specimens or representative specimens of Bagnisiella, Botryochora, 
Coccostromella, Columnosphaeria, Delphinella, Dictyodothis, Discosphaerina, 
Dothidea, Dothiora, Endodothiora, Jaffuela, Mycoporis, Omphalospora, Pachysacca, 
Plowrightia, Saccothecium, Stylodothis, Sydowia and Yoshinagaia were examined and 
fresh specimens of Dothideales were collected from Italy and Thailand. An 
introduction and the history of these genera, family placement, morphology, and 
molecular phylogeny are provided. This material and GenBank data are used to 
provide a systematic treatment of Dothideales based on morphology and multi-gene 
phylogenetic analysis. Multi-gene (LSU, SSU, ITS) phylogenetic analysis was carried 
out and in the resulting phylogenetic tree the taxa cluster in two clades with high 
bootstrap support. Clade A comprises the family type of Dothideales and represents 
Dothideaceae, and Dothioraceae is not recognized as a distinct family and is 
synonymized under Dothideaceae. Clade B comprises Aureobasidium, Kabatiella 
Pseudoseptoria, Selenophoma species and Columnosphaeria fagi, for which we 
propose a new family Aureobasidiaceae. The recently introduced Sydowia eucalypti 
also clustered within Clade B, therefore based on morphology and molecular 
phylogeny a new genus Pseudosydowia is introduced for Sydowia eucalypti. 
Celosporium laricicola separates from both A and B Clades, and therefore it is placed 
in Dothideales genera, incertae sedis. The genera Bagnisiella, Botryochora, 
Coccostromella, Jaffuela, Lucidascocarpa, Mycoporis, Omphalospora, Pachysacca, 
Saccothecium and Yoshinagaia are excluded from Dothideales and their placements 
discussed. 
 
Key words: Taxonomy, morphology, molecular data 
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The adoption of the one name one fungus protocol has underlined the need to 
establish links between asexual and sexual morphs. Currently, only circa 40% of 
asexual fungi have been linked to their sexual state, either at the genus, family or 
order level, while for some 1,728 (60%) genera no sexual state link has been 
established (Hyde et al., 2011). For some ecological groups even fewer have been 
matched up with their sexual morphs, e.g. 90% in the case of freshwater 
hyphomycetes. This indicates the magnitude of the task facing mycologists. Such 
links in the past were established by cultural means or by noting development of both 
morphs on the same host/substrate, although recently molecular techniques have 
linked a number to families, orders or classes in the ascomycetes and basidiomycetes. 
The advent of molecular techniques has greatly enhanced success in linking asexual 
morphs with their sexual stage. In this presentation we will provide data on selected 
asexual genera we have studied in Thailand with links with their putative sexual 
stages, e.g. Canalisporium, Falcocladium, Infundibulomyces, Lauriomyces, 
Pithomyces, and Wiesneriomyces (Ascomycota), and Chaetospermum, Giulia and 
Mycotribulus (coelomycete Basidiomycota). 
 
Key words: Taxonomy, morphology, molecular data 
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Revision of Phaeosphaeriaceae 
Rungtiwa Phookamsak*, Jian-Kui Liu, Eric H.C. McKenzie, D. Jayarama Bhat, Dimuthu S. 


Manamgoda, Chatsachee Chatpapamon, Hiran Ariyawansa, Kasun M. Thambugala, Dhanushka N. 
Wanasinghe, Saranyaphat Boonmee, Erio Camporesi, Ekachai Chukeatirote, Nalin N. Wijayawardene, 


Peter E. Mortimer, Jian-Chu Xu, Kevin D. Hyde 
 
Phaeosphaeriaceae is a large and important family in the Pleosporineae 
(Pleosporales) with species which varies in morphological characters. The family 
previously accommodated 35 sexual and asexual genera, such as Parastagonospora 
Phaeosphaeria and Setophoma which are economically important pathogens. Species 
may be endophytes or saprobes especially on monocotyledons, such as Poaceae; 
some species have also been reported on dicotyledons. Type specimens of genera of 
Phaeosphaeriaceae were loaned from worldwide herbaria and re-examined. Fresh 
specimens were collected from Italy and Thailand, examined and isolated into pure 
culture. The asexual state was produced on bamboo pieces on water agar. Multigene 
phylogenetic analysis of ITS, LSU, SSU, RPB2 and TEF1α sequence datasets was 
carried out. Based on the phylogenies, Ophiobolus is transferred to Pleosporaceae, 
while Wilmia is accommodated in Montagnulaceae. The asexual state of 
Phaeosphaeria oryzae is reported. Nodulosphaeria is confirmed in 
Phaeosphaeriaceae and Amarenomyces is a good genus. In this study we accept eight 
sexual and 11 asexual genera in Phaeosphaeriaceae based on phylogenetic evidence. 
Bricookea, Camarosporium, Eudarluca, Mixtura, Phaeostagonospora, Pleoseptum, 
Scolecosporiella, Sphaerellopsis and Tiarospora are tentatively placed in 
Phaeosphaeriaceae with molecular phylogeny required to confirm this. In contrast 
Barria, Chaetoplea, Hadrospora, Lautitia and Metameris are excluded from 
Phaeosphaeriaceae based on their morphological characters. Asexual state genera 
Xenostigmina and Mycopappus are also excluded from this family based on the 
phylogeny. 
 
Keywords: asexual state, Phaeosphaeria, Phaeosphaeriaceae, Pleosporales, 
taxonomy, phylogeny  
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Ecological and physiological role of organic acids production by fungi 
Katerina   Sazanova1*, Dmitry   Vlasov2 
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2botany, Saint Petersburg State University, Russian Federation 


  
The aim of this work was to study of organic acids production by microscopic fungi and its 
biogeochemical importance in depending on different nutrient compounds, mineral 
composition of substrate, including heavy metals, and means of cultivation. The fungi 
Aspergillus niger and Penicillium citrinum was cultivated on agar and liquid artificial media 
differencing by carbon sources (sugars, sugar-alcohols, organic acids) and concentration, 
nitrogen sources (NaNO3, NH4NO3), pH, presents of CaCO3, and other Ca2+ and CO32- - 


containing salts, presents and concentrations of Zn and Cu. All estimated factor has 
influenced on organic acids production of fungi. Oxalic acid produced during the growth of 
fungi on various carbon sources and even at low concentrations. Malic, citric, fumaric and 
succinic acids were produced only with high content of carbohydrates and mainly on liquid 
media and presumably their excretion is unlikely in most natural ecosystems. The highest 
amount of oxalic acid was detected on the medium with sorbitol, glucose and gluconate. 
Oxalic acid production is activated by Ca2+ and in less degree by CO3


2-. The nitrate form of 
nitrogen is more favorable for organic acids production than ammonium. It was confirmed 
the importance of oxalic acid in the detoxification by fungi of excessive amounts of copper 
and zinc and its role in adaptation of fungi to these metals. On nitrate liquid media, Zn and 
Cu have less toxic effect than on ammonium media presumably due to production of oxalate 
metals. 


  
Keywords: organic acids, heavy metals, adaptation, oxalate, culture condition 
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Proteome fine-tuning in the black yeast human pathogen Exophiala dermatitidis 
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The black yeast Exophiala dermatitidis belongingtothe Ascomycete family Herpotrichiellaceae, is 
an agent of systemic and subcutaneous disease in both compromised and healthy human 
hosts. Along with the strain isolation in the tropical rain forest, which is thought to be its 
natural habitat, a combination of oligotrophism, thermo- and osmo-tolerance enables E. 
dermatitidis to colonize a broad variety of human-made environments, resulting in a 
worldwide distribution. Since the ability to cope with temperature stress has a crucial role in 
the fungus persistence in man-dominated habitat as well as for its pathogenicity, the effect of 
temperature on the proteome level was investigated. Three incubation temperatures (37, 45 
and 1°C) and two time spans (1 hour, 1 week) were selected to simulate different 
environmental conditions and evaluate the effects of short- and long-term exposure on E. 
dermatitidis CBS 525.76. An optimized protocol for 2-D DiGE was used for characterization 
of changes in protein expression levels among the experimental conditions. Differentially 
expressed proteins were identified by mass spectrometry. Interestingly, a protein significant 
modulation was observed only during the long term exposure to 45 and 1°C. The incubation 
temperatures did not affect the protein pattern dramatically, thus supporting the strain' s high 
rate of adaptation to diverse growth conditions and suggesting the presence of a set of 
proteins relevant to conferring tolerance. 
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Effect of freezing process on viability in Pythium and its related genera 
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It is generally known that some strains of Pythium and its related genera can be hardly 
preserved by freezing. However, the freezing processes that affect their good survival are not 
well understood. To clarify this issue, different freezing methods were examined with 34 
strains belonging to the genera Pythium, Phytopythium, Globisporangium and 
Pilasporangium, in relation to the following three processes: 1) plate medium for pre-culture: 
potato dextrose agar, corn meal agar, or hand-made fowl feed agar; 2) cryoprotectant of 10% 
glycerol or 10% DMSO (with 5% trehalose); and 3) freezing method using a computer 
controlled rate freezer (IceCube 14S, SY-LAB) or putting cryotubes directly into a -80°C 
deep-freezer. Viability was evaluated within a week after freezing. The results showed that 
the effect of each process for viability was different depending on strains; e.g., some were 
affected by the plate media while others by cryoprotectants. It has been supposed that the 
formation of spores, particularly oospores, in pre-culture is a key factor for the survival. In 
this study, however, sporulation frequency unlikely affected the viability because some 
strains that produced oospores abundantly did not survive at all. Although there was not the 
common best combination of three, all the strains were successfully preserved with at least 
one combination. Therefore, cryopreservation can be applicable for these organisms, even 
after an appropriate process is fixed for individual strain. 
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Antifungal activity and HPLC analyses of Cydonia vulgaris Pers. (Leaves) and Vitis 
vinifera L. (Leaves) ethanol extracts 
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1Biology, Balikesir University, Turkey 
  
Vitis vinifera L. which belongs to the Vitaceae family and is more commonly known as 
grapevine is used in the treatment of cancer, cholera, smallpox, nausea, skin and eye 
infections as well as kidney and liver diseases. Cydonia vulgaris Pers. which belongs to 
the Rosaceae and is more commonly known as quince is used traditional medicine, cosmetic 
products and dye. Our aim is to evaluate the antifungal activity of these plants and to reveal 
the main classes of phenolic and flavonoid compounds using HPLC. In this study, ethanol 
extracts of plants were assayed for antifungal activity against four fungi (Aspergillus flavus, 
A. niger, A. ochraceus and Fusarium proliferatum),determined MIC and MFC using the 
microdilution plating method. The phenolic and flavonoid constituents of plant extracts were 
analysed using Shimadzu HPLC/DAD Spectrometry. V. vinifera and C. vulgaris extract 
showed the best fungicidal activities on A. flavus and F. proliferatum respectively. The 
phenolic constituents of V. vinifera ethanol extract were chicoric acid, myricetin and 
rosmarinic acid. InC. vulgaris ethanol extract, major compounds were found as syringic acid, 
luteolin and chicoric acid. Due to their fungicidal effects, leaves might be a valuable 
substance for effective new drug molecules. 
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Production of a melanoid pigment by the yeast form of Histoplasma capsulatum in the 
presence of L-tyrosine 
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Pyomelanin is a type of soluble melanin produced in presence of tyrosine. The production of 
this pigment has been described in some fungi, such as Aspergillus fumigatus, Madurella 
mycetomatis, Yarrowia lipolytica  and Sporothrix spp. It is associated with protection and 
resistance in these species, and may be considered a putative virulence factor. Since there is 
no information about pyomelanin production by Histoplasma capsulatum we decided to 
evaluate whether this fungus was capable of pyomelanin synthesis in its infective form. The 
yeast form of IPEC 01/12 H. capsulatum strain was cultured in HAM-F12 medium 
supplemented with L-tyrosine in presence or absence of melanin synthesis inhibitors, such as 
sulcotrione, glyphosate, and tricyclazole for 15 days at 37ºC in a rotary shaker at 150 rpm. In 
this period we evaluated cell viability by colony forming unit (CFU) and the melanoid 
pigment was quantified by spectrophotometry at 340 nm. This H. capsulatum strain was able 
to produce a dark pigment when cultured in presence of L-tyrosine. This production did not 
occur when the fungus was grown in absence of L-tyrosine or in presence of sulcotrione. 
Glyphosate and tricyclazole were not able to inhibit pigment synthesis. H. capsulatum yeast 
form is able to produce pyomelanin in the presence of tyrosine suggesting this pigment might 
be involved in the virulence of this pathogen and in protection against stress conditions. 
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Influence of UV-irradiation  on morphological and physiological characteristics of 
microfungi from Antarctica  
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The influence of ultraviolet (UV) radiation on growth, morphology and some physiological 
characteristics of microscopic fungi isolated from Antarctic region has been investigated. UV 
- radiation resulted in a decrease of growth rate of all investigated fungi. Morphological 
response reactions of microscopic fungi to UV irradiation included: the formation of 
submerged mycelium; change of pigmentation; the dimorphism of yeasts microfungi; 
rescheduling of spore formation. In culture of Aureobasidium pullulans and Rhodotorula 
colostri UV has induced increase in the share of more large cells ore spores. Formation of 
phospholipase by tested cultures under the influence of UV - radiation has delayed. But 
phospholipase formation by Theleobolus microsporus has been observed only in cultures 
under UV - exposure. Hemolytic enzymes production (ά type) under UV influence has been 
partially suppressed for R. colostri and completely suppressed for Geomyces pannorum. In 
culture of A. pullulans UV increased hemolytic activity. In T. microsporus hemolytic activity 
has been absent as in control cultures as well as in cultures exposed to UV - radiation. UV 
decreased total activity of dehydrogenases in mycelium of Aspergillus niger, R. 
colostri and G. pannorum. Excretion of oxalic acid by these fungi has been stimulated under 
UV – exposure. 
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Teratogenic activity of Agaricus bisporus (J. E. Lange) Imbach and Lentinus edodes 
(Berk.) Pegler on Danio rerio (Zebrafish) and Oryzias latipes (Japanese rice fish) embryo 


Lourdes   Alvarez1, Harvey Austria1*, Rejane   Nepacina1 
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Teratogenic activity of A. bisporus and L. edodes were tested using zebrafish and Japanese 
rice fish embryo as a potential anticancer agent. These mushrooms were subjected in hot 
water and ethanol extraction and were prepared in different concentrations. In A. 
bisporusand L. edodes ethanol and hot water extracts, alkaloids, amino acids, carbohydrates, 
fatty acids and phosphorus were present, as detected through TLC. Zebrafish and Japanese 
rice fish embryos were exposed to these concentration in 96 microwell plates and were 
observed at 24, 48, 72, and 96 hours post fertilization (in zebrafish); and 1, 3, 5, 7, 9-13 day 
post fertilization (Japanese rice fish); and were observed in their respective developmental 
time points. All embryos exposed in either of the ethanol extracts of the mushrooms in both 
fish embryos died in al concentrations. Exposure of zebrafish in A. bisporus HWE caused 
significant abnormalities on movement, skeletal deformities abundant on 1% while in L. 
edodes HWE abnormalities in heartbeat was significantly observed on the same 
concentrations. Both mushroom HWE experienced significant embryo toxic effects in 
increasing ratio from lower (0.05%) to higher (10%) concentrations. In Japanese rice fish 
exposed in A. bisporus and L. edodes HWE, causes significant skeletal deformities in 1% and 
embryo toxic effects on all concentrations. Calculated TI suggests that both mushroom 
extracts elicit teratogenic activities on both zebrafish and Japanese rice fish embryos. 
Malformations brought about by both mushroom extracts on zebrafish and Japanese rice fish 
were attributed to the integrity of membrane system surrounding their developing embryos. 
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Phenotypic profiling of Scedosporium aurantiacum, an opportunistic pathogen 
colonising human lungs 


Jashanpreet   Kaur1*, Lea A. I.   Vaas2, Wieland   Meyer2, Helena   Nevalainen3 
 
1Chemistry and Biomolecular Sciences, Macquarie University, Australia 
2Molecular Mycology Research Laboratory, Westmead Millennium Institute, Australia 
3Department of Chemistry and Biomolecular Sciences, Macquarie University Sydney, Australia 
  
Genotyping of Australian Scedosporium isolates, an emerging human pathogenic fungus, has 
revealed strong prevalence of a new species Scedosporium aurantiacum. It is an opportunistic 
pathogen known to colonise the respiratory tracts of Cystic Fibrosis (CF) patients. In this 
work, a high throughput phenotype microarray (PM) analysis using 96 assorted substrates 
(sugars, amino acids, hexose-acids and carboxylic acids) was carried out for a series of S. 
aurantiacum strains exhibiting different virulence. The Phenotype Microarray is based on 
respiration kinetics of strains grown on various substrates such as different carbon 
sources. The strains tested were two Australian S. aurantiacum isolates of high virulence 
(WM 06.482 (clinical) and WM 09.24 (environmental) and two other isolates showing low 
virulence (WM 08.202 = FMR8630 =CBS116910 (clinical, Spain, type culture) and 
WM10.136 environmental, Austria). A difference was observed in the substrate utilisation 
pattern for low and high virulence strains where certain carbohydrate sources such as β-
gentibiose, sucrose and D-salicin were utilised only by low virulence strains. Moreover some 
sugar derivatives such as D-turanose promoted respiration only in high virulence strains. 
Different respiration kinetics was detected under various stress conditions (high salt 
concentration, lithium chloride and nalidixic acid) at two different temperatures (28 C and 
37 C) where low virulence strains showed high respiration rates only at high temperature. 
This is different to the high virulence strains which showed similar metabolic response at 
both the temperatures showing more flexibility and metabolic adaptability. The results 
indicate that phenotype microarray profiling can reveal differences between the isolates at the 
phenotypic level with a view to understand these differences at the genetic level. Validation 
of the respiration-based assays with the shake flask growth experiments and integration of the 
data with the whole genome sequences of S. aurantiacum also resulted in the elucidation of a 
basic nutritional pathway map. In summary, information collected from the phenotype 
microarrays can serve as a useful reference point for future studies of Scedosporium spp. by 
providing leads for the determination of virulence factors in addition to facilitating profiling 
of the metabolic activity of different S. aurantiacum strains. 
  
Keywords: Scedosporium aurantiacum, phenotype microarray, respiration kinetic, substrate 
utilisation, virulence factors 
  
*Presenter : Jashanpreet Kaur 
Email : jashanpreet.kaur@mq.edu.au 


  429







P 1.1.9 
 
Scientific Theme : 1. Cell Biology, Biochemistry and Physiology 
Session : 1.1 Stress metabolism and cell fate 
 
Account ID IMC0853 
Abstract ID ABS0589 
 


Growth inhibition and antioxidative response of wood decay fungi exposed to plant 
extracts of Casearia species 


Thiara   Bento1, Mauricio   Fialho2*, Luce   Torres2, Vera   Bononi1 
 
1Núcleo de Pesquisa em Micologia, Instituto de Botânica de São Paulo, Brazil 
2Núcleo de Pesquisa em Fisiologia e Bioquímica, Instituto de Botânica de São Paulo, Brazil 
  
Ligninolytic fungi take part in critical processes in ecosystems such as nutrient recycling; 
however, some fungal species can be pathogenic to forest and urban trees and deteriorate 
wood products. The Brazilian tropical flora is an important source of antimicrobial 
compounds environmentally safer than traditional wood preservatives. Therefore, this study 
aimed to evaluate the inhibitory activity of ethanol plant extracts of two species 
of Casearia (Salicaceae) on the white-rot wood decay basidiomycetes, Trametes 
villosa and Pycnoporus sanguineus. In addition, the effect of the extracts on the fungal 
antioxidative metabolism was studied. Among the different substances present in the extracts, 
the phytochemical analyses by GC-MS identified a clerodane diterpenoid in C. sylvestris and 
cinnamic acid, hydroquinone and β-sitosterol in C. decandra. The extracts inhibited the fungi 
up to 70% and caused hyphal morphology changes as formation of defective clamps 
connections and increased hyphae branching. The extracts triggered oxidative stress process 
as indicated by the increased levels of the antioxidant enzymes catalase and glutathione 
reductase. Therefore, the Casearia extracts are a potential source of natural biocides to 
control wood decay fungi, and one of the mechanisms of action is the oxidative stress. 
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[PSI+] is the prion form of Sup35p in Saccharomyces cerevisiae and its continued 
propagation requires fragmentation of the prion polymers by the chaperone Hsp104. 
Intriguingly, overexpression of Hsp104 also eliminates the [PSI+] prion but the mechanism 
by which it does so remains unclear. We have identified cellular factors that are necessary for 
Hsp104 overexpression-induced prion loss in vivo; for example, the Hsp90 co-chaperones 
Cpr7p and Sti1p that also bind to the C-terminus of Hsp104 are required elimination of 
[PSI+] by overexpression of Hsp104 but not for the Hsp104-mediated fragmentation of 
Sup35 polymers required for continued [PSI+] propagation. In conditions of Hsp104 
overexpression we find no release of monomers from aggregated Sup35 in [PSI+] cells and, 
at early time points, an increase in the molecular weight of the native Sup35 polymers. 
Analysis of the number of prion seeds (propagons) in individual cells indicates that 
overproduction of Hsp104 perturbs the transmission of propagons from mother to daughter 
cells. This transmission defect is not affected by mutations in the SIR2, HOF1, SPA2 and 
BNR1 genes required for the Sir2p/Hsp104-mediated ‘spatial quality control’ (SQC) system 
that leads to retention of damaged proteins by the mother cell. Furthermore a combination of 
peptide binding and deletion studies has revealed that residues 130-145 in the M region of 
Sup35 are necessary for elimination of [PSI+] by Hsp104 overexpression. Mutation of six 
Lys charged residues to Ala in Sup35 M region still induced [PSI+] elimination, but at a 
lower frequency than in full length Sup35. 


  
Keywords: hsp104 , molecular chaperone , yeast prion , [PSI+] , sup35p 


  
*Presenter : Jintana Wongwigkarn 
Email : jintanaw@nu.ac.th 


  431







P 1.1.11 
 
Scientific Theme : 1 Cell Biology, Biochemistry and Physiology 
Session : 1.1 Stress metabolism and cell fate 
 
Account ID IMC0654  
Abstract ID ABS0714 
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Fructooligosaccharides (FOS) are fructose-containing sugars used as soluble fibers to 
improve nutritional and technological quality of foods. The increased demand for foods with 
prebiotic properties encourages the search for new sources of FOS. They are synthesized 
from sucrose by microbial β-fructosyltransferases or fructofuranosidases. Penicillium 
janczewskii (CCIBT 3352) is a fungus isolated from the rhizosphere of an Asteraceae from 
the Brazilian Cerrado. This fungus is able to produce FOS from sucrose. In this work we 
evaluated the effect of sucrose concentration, ranging from 10 to 400 g L-1, on FOS yield. 
The fungal biomass increased linearly with increasing substrate concentration although the 
extracellular protein content has decreased. In addition, it was observed acidification of the 
medium in sucrose concentrations higher than 100 g L-1. Although the osmotic potential has 
increased about 100 times between 10 and 400 g L-1 sucrose, P. janczewskii was able to 
counteract the stress and to produce increased biomass. The highest levels of 1-kestose and 
neo-kestose 4.5 and 4.4 g L-1 respectively, were obtained after 10 days of growth in 200 g L-
1sucrose, however, FOS production decreased in 300 and 400 g L-1 sucrose. Neo-kestose has 
higher stability and prebiotic activity than typical FOS and its production is uncommon in 
filamentous fungi. Results reported here highlight the importance of high substrate 
concentration to improve FOS production by P. janczewskii. 
  
Keywords: prebiotic, oligofructans, 1-kestose, neo-kestose, functional food 


  
*Presenter : Rita de Cassia L. Figueiredo-Ribeiro 
Email : ritarib@usp.br 
  


  432







P 1.1.12 
 
Scientific Theme : 1 Cell Biology, Biochemistry and Physiology 
Session : 1.1 Stress metabolism and cell fate 
 
Account ID IMC1210  
Abstract ID ABS0724 
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The free radicals are major issues in aging, diabetes, hypercholesterolemia and especially in 
tumor promotion. Many bioactive compounds in mushrooms such as peptides, proteins, 
vitamins and phenolic compounds were served as antioxidant and anticancer activity for 
disposal free radicals. An anticancer PSP (Polysaccharide peptide) was detected in protein 
extracts from fruiting bodies of Lentinus squarrosulus and Vovariella vovacea at 9.87±0.03 
and 1.44 µg/g protein, respectively. Antioxidant activity of ethanolic mushroom extracts was 
identified by DPPH and FRAP. Percentage of inhibition onto scavenging activity by DPPH 
assay was higher than 70% in ethanolic extract in L. squarrosulus. In FRAP assay, 
micromolar trolox equivalent of  L. squarrosulus also showed higher than V. 
vovacea. Catechin and tannic acid were major group of phenolic compounds in L. 
squarrosulus via LC-MS. Ethanol extract of L. squarrosulus inhibited the proliferation of 
hepatoma (HepG2) but had no cytotoxicity in non-malignant Chang's liver cell lines. In 
summary, PSP, catechin and tannic from L. squarrosulus may be effective natural product for 
clinical trial in patients because this edible mushrooms are nontoxic and also as functional 
food for human health.   
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Is extracellular manganese superoxide dismutase involved in mushroom 
bioluminescence? 


Galina   Vydryakova1, John   Bissett2* 
 
1Eastern Cereal and Oilseed Research Centre, Agriculture and Agri-Food Canada, Canada 
2Eastern Cereal and Oilseed Research Centre, AAFC, Canada 


  
The comparison of a luminescent strain of Panellus stipticus (Bull.) P. Karst. from North 
America by suppression subtractive hybridization (SSH) with a non-luminescent European 
strain revealed the presence or up-regulation of manganese superoxide dismutase (MnSOD) 
in the luminescent form. The fully sequenced MnSOD did not contain signal peptides 
involved in protein sorting; however, analysis of the N- and C-terminus regions indicated 
non-classical secretion (Sec P score = 0.716). Similar SSH comparisons with luminescent and 
non-luminescent monokaryon cultures of the North American strain revealed differences in 
expression of proteins responsible for post-translational modification of undetermined 
enzyme(s). Investigation of potential luciferin precursors indicated that ortho-hydroquinone 
applied to the surface of a luminescent strain resulted in increased luminescence. Based on 
these results we hypothesize a mechanism for fungal bioluminescence in which a substituted 
o-hydroquinone ligates with MnSOD producing a semiquinone-radical complex. The 
resultant semiquinonato complex potentially may react with molecular oxygen or other 
reactive oxygen species to produce sufficiently excited intermediates to emit light on 
relaxation. 
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Reactive carbonyl species (RCS), such as methylglyoxal (MG) and glyoxal (GO), are 


synthesized as toxic metabolites in living systems. Mechanisms of RCS detoxification 
include the glutathione (GSH)-dependent system consisting of glyoxalase I (GLO1) and 
glyoxalase II (GLO2), and GSH-independent system involving glyoxalase III (GLO3). Hsp31 
and DJ-1 proteins are weakly homologous to each other and belong to two different 
subfamilies of the DJ-1/Hsp31/PfpI superfamily. Recently, the Escherichia coli Hsp31 
protein and the DJ-1 proteins from Arabidopsis thaliana and metazoans have been 
demonstrated to have GLO3 activity. We performed a systematic survey of homologs of DJ-1 
and Hsp31 in fungi. We found that DJ-1 proteins have a very limited distribution in fungi, 
whereas Hsp31 proteins are widely distributed among different fungal groups. Phylogenetic 
analysis revealed that fungal and metazoan DJ-1 proteins and bacterial YajL proteins are 
most closely related and together form a sister clade to bacterial and fungal Hsp31 proteins. 
We showed that two Schizosaccharomyces pombeHsp31 proteins (Hsp3101 and Hsp3102) 
and one Saccharomyces cerevisiae Hsp31 protein (ScHsp31) displayed significantly higher in 
vitro GLO3 activity than S. pombe DJ-1 (SpDJ-1). Overexpression 
of hsp3101, hsp3102 and ScHSP31 could confer MG and GO resistance on either wild-
type S. pombe cells or the GLO1 deletion mutant, suggesting that fungal Hsp31 proteins are 
the major GLO3 that may have some role in protecting cells from RCS toxicity in 
fungi. Interestingly, S. pombe DJ-1 and Hsp31 proteins exhibit different patterns of 
subcellular localization. We also determined whether S. pombe DJ-1 and Hsp31 proteins are 
involved in autophagy and whether their glyoxalase activity is required for autophagy in S. 
pombe. 
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A spontaneous mutation of Schizophyllum commune that affects the composition of 
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The basidiomycete Schizophyllum commune is a widely distributed white rot fungus and has 
been used as a model organism to study fungal genetics. A mutant of S. commune, thn1, was 
shown to be caused by a 411-bp insertion interrupting the first exon of a putative member of 
the regulator of G protein signaling family (RGS). The inserted sequence possesses short 
target site duplications and hallmarks of class II transposable elements. Mutants show an 
altered hyphal morphology, a reduced formation of aerial mycelia, an accelerated growth rate 
and retarded fruiting body development. For different S. commune mutant strains, the 
chemical composition of volatile organic compounds (VOCs) was investigated using solid 
phase microextraction coupled with GC-MS. The VOC spectra of the wild type consist 
mainly of esters, whereas thin mutant strains were found to produce a mixture of different 
sesquiterpenes, including α- and β-bisabolol. The submerged mycelia of wild type strains 
emit, beside various esters, dauca-4(11),8-diene and linalool. In bioassays, volatiles of S. 
commune thin mutants inhibit the growth of Pleurotus ostreatus and Flammulina velutipes,  
while their hyphal morphology remains unaffected. Transcriptome studies could show the 
regulation of genes involved in metabolic processes of S. commune. A detailed investigation 
of the proteome of different strains will be performed to link regulation to modification. 
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The basidiomycete Schizophyllum commune belongs to the white rot fungi and is relevant for 
wood degradation worldwide. Its high competitive ability is based on the recognition of other 
fungi and bacteria, the production of specific extracellular metabolites and a stragefy of fast 
growth. Therefore, fast transport processes within the hyphae and an efficient cytoskeleton 
are essential. The cytoskeleton built of microtubules and actin was investigated by 
fluorescence microscopy with regard to regulation via small G proteins, the two S. commune 
Ras proteins. Constitutively active Ras1 mutant strains show phenotypes like reduced growth 
rates, hyperbranching and abnormal growth pattern. Within the cell, the activity of protein 
kinase A, PKA, is enhanced. Furthermore, the mutants produce abnormal fruiting bodies with 
weakly developed subhymenium and aberrant spore formation. The deletion 
strains DRasGap1, through lack in Ras1 GTP dephosphorylation, show a similar phenotype. 
The S. commune genome encodes more than 30 putative signal transduction proteins of the 
Ras superfamily, containing the Ras, Rho, Rab, Ran and Arf subfamilies. The roles of the 
small G proteins Ras1 and Ras2 have been postulated in MAPK signalling, in addition to 
pheromone response, morphology, asexual development and mating. 
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Calnexin, which is known as a membrane-bound molecular chaperone protein in ER, 
participates in the folding and quality control of newly synthesized glycoproteins. In spite 
of the structure of calnexin contains calcium-binding region, the evidence for its roles on 
calcium homeostasis and/or cross-talk with calcium signaling is of scarcity. Here we 
characterized the striking functions of the calnexin in A. nidulans by multi-phenotypic and 
transcriptional analyses under normal and thermal stress conditions. Calnexin showed a 
transient increased transcript-tional expression level under heat shock. Disrupting calnexin 
greatly changed hyphal morphology with the loss of apical dominant axis of growth and 
reduced conidia production under thermal stress (42℃), while showed no detectable 
difference with wild type at 30℃. Most interestingly, these thermal-induced defects 
in calnexin mutants can remarkably be rescued either by extra-cellular Ca2+ in a calcineurin-
dependent way or by osmotic stabilizer sorbitol in a calcineurin-independent 
way. Furthermore, disequilibrate calcium homeostasis by deletion the main components of 
the calcium signaling pathway: cchA/midA (calcium channels in plasma), pmrA (putative 
calcium-transporting ATPase in Golgi), aggravates the mutants’ sensitivity to thermal stress. 
Collectively, our results suggest calnexin plays a regulatory role on maintaining calcium 
homeostasis apart from its chaperone function. Calnexin in combination with 
calcium signaling pathway mediates a fundamental aspect on fungal thermal adaptation. 
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The function of a Gb-like protein CpcB required for growth, development and 


pathogenicity, depends on its GH motif of WD40 domain in Aspergillus fumigatus 
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CpcB (cross pathway control B), which encodes a homolog of S. pombe Cpc2 and 
mammalian RACK1, belongs a WD protein with homology to a β subunit of heterotrimeric G 
proteins in Aspergillus fumigatus. Previously studies reported CpcB governs growth, 
development. However, little is known about functional characteristics of CpcB molecule and 
its relationship with G proteins complex. Here we demonstrate that apart from functions in 
hyphal growth and conidiation, CpcB involves in the maintenance of cell surface 
hydrophobicity, stress responses to cell wall interfering agents and antifungal 
chemicals. Complementation assay for CpcB homologs in yeasts (S. cerevisiae, S. pombe, C. 
albicans) and in A. nidulans indicates only CpcB homolog in A. nidulans is able 
torescue defects of △AfcpcB, indicating CpcB in the Aspergilli may has different functions 
from yeast homologs. Moreover, overexpression of the adenylate cyclase gene AcyA can 
partially rescue conidiation and growth defect in △AfcpcB, suggesting AfCpcB is dependent 
on cAMP-mediated signaling. Since CpcB is a predicted G-beta-like protein, we wonder 
whether it has any relationship with Gα protein-GpaB. However, as unexpectedly, no 
physically direct interaction was found between CpcB and GpaB through yeast two hybrid 
techniques. In addition, double deletions of cpcB/gpaB almost causes a complete fluffy 
colony phenotype compared to either cpcBor gpaB single mutant, suggesting double deletions 
can exacerbate sporulation defect. Systematic mapping for the function of CpcB molecule 
demonstrates both GH motifs in the first and second WD40 domains are essential for CpcB’s 
function during growth and development. Thus, our studies verified CpcB have multiple 
unexplored functions in A. fumigatus. 
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affinity calcium system in Aspergilli 
Yuanwei   Zhang1*, Qingqing   Zheng1, Jinxing   Song1, Lina   Gao1, Ling   Lu1 


 
1College of Life Sciences, Nanjing Normal University, China 
  
Ca2+ is ubiquitous in the environment and serves varieties of signaling and structural 
functions in all eukaryotes. In S. cerevisiae, both high and low affinity calcium systems are 
responsible for Ca2+ influx across the plasma membrane. Palmitoyl transferase possesses its 
activity through innate cysteine-rich domains (DHHC-CRD), and mediates one of the post-
translational modifications-palmitoylation. However, studies on the relationship between 
calcium signaling components and palmitoylation are limited. Here, we demonstrated 
homologs of yeast palmitoyl transferase-AnAkr in A. nidulans and AfAkr in A. fumigatus, 
which possesse the cytoplasmic DHHC cysteine-rich domain at its C-terminus, involve in the 
high-affinity calcium system through affecting the protein palmitoyl acyltransferase. Deletion 
or depletion AnAkr and AfAkr shows remarkable defects in hyphal extension rates when 
strains face with limited extracellular [Ca2+]. This growth defect can be significantly 
suppressed by adding extracellular calcium. Site-directed mutation indicates these defects are 
mostly related to the DHHC motif. In addition, using genetics phenotypic analysis, we found 
AnAkr localized in the Golgi apparatus, may function synergistically with high-affinity 
calcium system components-CnaA/CchA/MidA, but counteract with Golgi-localized PmrA. 
Moreover, using codon-optimized aequorin as a calcium probe in live-cell, we found AnAkr 
mediated the equilibrium of [Ca2+]c induced by plasma membrane stresses. Taken together, 
our data provide the evidence that AnAkr may belong to a new mediator for high-affinity 
calcium system in the Aspergilli. Ongoing studies will focus on how AnAkr functions by 
affecting the protein palmitoyl acyltransferase to regulate calcium signaling pathway. 
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independent phagocytosis of Cryptococcus neoformans 
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Cryptococcus neoformans is a respiratory fungal pathogen that poses high morbidity and 
mortality among immunocompromised patients.Interaction of C. neoformans with 
macrophages is the most pivotal step in the infectious process, as the pathogen can invade 
macrophages and uses them as trojan horse for dissemination. C. neoformans infects through 
the respiratory tract as spores or poorly encapsulated dehydrated yeast and encounters the 
serum limited lung milieu during early infection. The aim of this study is to investigate the 
role of actin cytoskeleton and complement receptor type three (CR3) in macrophage invasion 
by non-encapsulated C. neoformans. Infection of macrophages by C. neoformans led to 
localized actin remodelling resembling the “trigger-type” phagocytosis mediated by CR3. 
Treatment with cytochalasin D, an actin polymerization inhibitor, demonstrated that the 
integrity of the actin microfilament is required for internalization of cryptococci into 
macrophages. In the presence of antibody against both the CD11b and CD18 subunits of 
CR3, the adherence and internalization of C. neoformans into macrophages were inhibited. 
The study broadens the knowledge on molecular mechanism of C. neoformans invasion of 
macrophages during primary infection.  
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Cross-talk between Ras and Phosphatidylinositol (PI) signaling in Schizophyllum 
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Interrelation and cross-talk between Ras and phosphatidylinositol (PI) signaling through 
second messenger inositol monophosphatase (IMPase) in the basidiomycete Schizophyllum 
commune is intrigued, since the imp encoding IMPase, was found to be regulated in a Ras-
dependent manner implying cross-talk during sexual development of S. commune. Ras is 
known to play a pivotal role in morphogenesis of S. commune, whereas the function of 
IMPase in the fungus is still unknown. It has been known that IMPase is a highly conserved 
~30 kDa homodimer which its activity is dependent to magnesium and sensitive to lithium. 
Lithium modulates PI signaling by giving impact to limit inositol production and this is 
termed as inositol depletion hypothesis. Lithium chloride as an agent of inositol depletion 
was applied to fungal culture, leading to repression of fungal growth as well as multihyphal-
branching suggesting the plausible evidence of inositol depletion. Lithium chloride presence 
in the fungal cultivation succeeds to inhibit the IMPase activity and as compensatory effect 
induction of imp (encodes IMPase) and pis (encodes PI synthase; plays role in PI synthesis) 
in the mRNA level was shown in the wild type but surprisingly down regulation was shown 
in a Ras-dependent manner. Moreover, to investigate the crosstalk between the two signaling 
pathway, genetic manipulation resulting in loss of IMPase function in S. commune system by 
homologous recombination is planned. 
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Ssn3, a cyclin-dependent protein kinase, modulates same-sex mating/unisexual 
reproduction in Cryptococcus neoformans 


Yu-Lin  Shi1*, Kuang-Hung  Liu1, Wei-Chiang  Shen1 
 
1Department of Plant Pathology and Microbiology, National Taiwan University, Taiwan 


  
Cryptococcus neoformans is an environmental and pathogenic basidiomycete containing two 
different mating type, MATa and MATα. Under nitrogen starvation conditions, two different 
sexual reproduction events, opposite-sex mating and same-sex mating, are observed in C. 
neoformans. In the processes of opposite-sex mating, MATa and MATα cells undergo cell 
fusion and generate dikaryotic filaments. Subsequently, basidia and basidiospores are formed 
at the tips of dikaryotic filaments to complete the sexual cycle. Interestingly, similar sexual 
differentiation, so called same-sex mating, can occur in only the MATacells without MATa 
cells involved. This unique event has been implicated to contribute to the generation of 
recombinant progeny responsible for the outbreak of disease. C. neoformans Ssn8, a 
putative cyclin-like component of the RNA polymerase II holoenzyme, was identified in a 
genetic screen and shown to play negative roles in diverse physiological processes including 
same-sex mating. To further dissect the molecular networks of same-sex mating in C. 
neoformans, we here characterized the putative interactive component of Ssn8, the cyclin-
dependent protein kinase Ssn3. Mutation of the SSN3 gene reproduced the mating phenotypes 
of ssn8 mutants, and hyperfilamentation during same-sex mating was observed in 
the ssn3 mutant strains. Yeast two-hybrid assay confirmed that Ssn8 physically interacted 
with Ssn3. These results suggested same-sex mating is regulated by Ssn8/Ssn3 complex in C. 
neoformans. To investigate how SSN8/SSN3 regulates same-sex mating process, 
the Agrobacterium-mediated insertional mutagenesis was conducted in the MATαssn3  
mutant background. Transformants that failed or decreased in the production of same-sex 
mating filaments were collected. Functional characterization of these mutant is conducted and 
we hope to reveal the regulatory networks of same-sex mating in C. neoformans. 
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Antibacterial activity of morel mushroom extract against gastric-infecting bacteria 
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Bacterial gastrointestinal infections continue to be one of the major illnesses in most parts of 
the world. Functional food may become a source for treating such illnesses, and edible 
mushrooms are good candidates for this. Morels (Morchella spp., Pezizales) are important 
edible mushrooms, known for their delicate taste and aroma and antioxidant content. The 
genus includes uncertain number of species, differ in their phenotype, such as colors and 
metabolites composition. Morels also demonstrate health promoting bioactive metabolites 
including antimicrobial activity. In this study we examined the inhibitory activity of the 
fungal vegetative mycelium crude extract against gastric-infecting bacteria including 
Campylobacter coli and Salmonella typhi, Shigella sonnei, Staphylococcus aureus and 
Escherichia. coli. The activity was demonstrated against standard bacterial strains as well as 
against clinical strains as demonstrated by the well-diffusion susceptibility assays and the 
BACTEC blood culture system. BACTEC is a system for determination of live bacterial 
presence in blood used in clinical analysis, which represents the human blood system. The 
mushroom extract inhibited the growth of the tested bacterial strains, where S. aureus and C. 
coli exhibited more inhibition than S. typhi , S. sonnei and E. coli. Such results indicate the 
potential of morels to inhibit gastric infections. 
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Cross-kingdom interactions of probiotic bacteria with planktonic and biofilms forms of 


vaginal fungal pathogen Candida glabrata 
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Vulvovaginal candidiasis (VVC) is a common fungal superficial infection that traumatizes an 
estimated 75% of all women worldwide. While uncomplicated VVC can be treated 
effectively by antimycotic agents, complicated and recurrent VVC that are caused by non-
Candida albicans Candida (NCAC) species, especially Candida glabrata can be 
problematic.  Therefore, novel and innovative approach using probiotics as prophylaxis or 
alternative treatment against VVC might be worth considering. In the present study, we 
investigated the antagonistic interaction of probiotic bacteria strains against planktonic and 
biofilms forms of seven C. glabrata reference and clinical strains.The viability of C. 
glabrata cells following co-incubation with lactobacilli were examined using fluorometric 
microplate assay and confocal laser scanning microscopy (CLSM). The results showed the 
planktonic C. glabrata cells lost its metabolic activity and were killed by probiotic 
lactobacilli strains. In addition, the inhibitory effect of probiotic lactobacilli against the 
biofilms of C. glabrata strains were evaluated quantitatively by 2, 3-bis (2-methoxy-4-nitro-
5-sulfophenyl)-5-[(phenylamino) carbonyl]-2H-tetrazolium hydroxide (XTT) reduction assay 
while scanning electron microscopy (SEM) was employed to visualize the effects on biofilms 
structure. Significant inhibitions of the biofilms were observed when C. glabrata were 
subjected to lactobacilli challenges in XTT reduction assay and these findings were 
confirmed by SEM analysis. The data suggested that probiotics may represent a potential 
preventive or therapeutic option for complicated VVC that deserves further investigations in 
the future. 
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Selection and evaluation of Bacillus strains antagonistic to Fusarium graminearum from 


Fusarium head blight-infected spikelets of wheat heads 
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Fusarium graminearum causes Fusarium head blight (FHB), a devastating disease that leads 
to extensive yield and quality loss of wheat and barley. Bacillus strains isolated from wheat 
kernels were screened for antagonistic activity against F. graminearum. Altogether 22 strains 
displayed superior antifungal activity against F. graminearum were selected and 
characterized in this study. Based on the biochemical and physiological characteristics, 
selected strains were identified as B. methylotrophicus (JS20GA, JS62N, JS14C, JS26X, 
JS4S, JS39D, JS27A, JS39C, JS64Y, JS12Q, JS65O and JS25R), B. 
amyloliquefaciens(JS56W and JS57Q), B. subtilis (JS32V and JS20GB), B. siamensis (JS29I, 
JS15E and JS30B), B. tequilensis (JS20H and JS5L) and B. altitudinis (JS60J). All of these 
22 Bacillusstrains could effectively reduce disease severity, disease incidence and FHB 
index. Disease incidence was reduced by more than 80% by B. methylotrophicus JS62N 
(81.4%), B. siamensis JS15E (84.4%) and JS29I (86.7%). Among these 22 strains, only B. 
methylotrophicusJS65O and B. siamensis JS30B reduced disease incidence less than 50%. 
Disease severity was reduced by more than 80% by B. methylotrophicus JS39D (90.4%), 
JS39C (89.6%), JS62N (88.8%), JS14C (88.8%) and B. siamensis JS29I (84.5%). Among 
these 22 strains, B. methylotrophicus JS20GA (47.9%), JS27A (44.2%), JS25R (35.3%) 
and B. subtilis JS20GB (28.8%) reduced disease severity less than 50%. While all of these 
strains could reduce FHB index by more 60%, 9 strains could reduce FHB index even more 
than 90%. All of these strains could significantly increase one hundred kernel weight 
(P≤0.01). Strain B. methylotrophicus JS12Q could increase 100-kw by 101.4%. Except B. 
methylotrophicus JS14C and JS26X, culture extract of most strains could effectively inhibit 
the mycelial growth of F. graminearum. Eight out of these 22 strains could produce volatile 
compounds effectively inhibiting mycelial growth and pigment production of F. 
graminearum in comparison with the control plates.  
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Determination of the hemolytic reactions triggered by airborne Aspergillus species 
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Some fungi take advantage of producing hemolytic factor for acquisition of iron which is 
required for growth and survival. Beside hemolytic factor, the hemolysis may be enhanced by 
the cooperation between fungi and bacteria. To examine the hemolytic reactions of airborne 
Aspergillus species, hemolytic activity (HA) and cooperative hemolytic (CAMP-like) 
reaction were tested using sheep or human blood. HA on Tryptic soy blood agar (TSBA) at 
25oC and/or 37oC was demonstrated as hemolytic zone and index. Around one-half of tested 
isolates, include A. flavipes, A. wentii and A. westerdijkiae, were identified HA with 
hemolytic indices ranging from 1.0 to 2.5. In addition, hemolytic factors of an A. wentii 
during growth were secreted well in undernourished broth at 25°C, and heat labile. Its 
secreted hemolytic proteins eluted from native gel cut were estimated the molecular weight 
over 50 kDa. CAMP-like test was performed on TSBA using all Aspergillus isolates and four 
common respiratory tract bacteria. The synergistic hemolytic reactions of HA positive 
Aspergillus isolates were identified well with Staphylococcus aureus but variedly with 
Streptococcus pneumoniae, and neither with S. pyogenes nor S. epidermidis. The 
enhancement of alpha-hemolysis of S. aureus could occur through the interaction of S. aureus 
-sphingomyelinase and CAMP-like factors secreted from an A. flavipes. Also but weakly, 
most of HA negative isolates could be identified CAMP-like reaction with S. aureus. Further 
efforts on purification and characterization of hemolytic and CAMP-like factors secreted 
from Aspergillus species are still needed. 
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Study in the antibacterial components from Palythoa-symbiotic fungus, Fusarium solani 


Chih-Chuang   Liaw1* 
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Symbiotic microorganisms live one the surface of in the inner tissues of their hosts. Many 
studies indicated that symbiotic microorganisms have been found to interfere the host’s 
metabolism system to produce toxins or anti-feedants/ or directly produce these metabolites 
to store in the organs of the hosts to protect their host from predators and grazers. In the view 
of natural products chemistry, these bioactive compounds have long been a central to drug 
discovery and organic chemistry. In our studying on the bioactive compounds from marine 
organisms, a symbiotic fungus was isolated from an Palythoa sp., which was collected from 
Wanlitong, Pingtung County, Taiwan. This fungus (Strain FS-01) was further identified 
as Fusarium solani by 18S rRNA sequence analysis. Interestingly, the fungus FS-01 could 
produce reddish metabolites under 25 oC. In the preliminary screening, we found that the 
ethyl acetate extract of FS-01 showed clearly antibacterial activity against Acinetobacter 
baumannii, Staphylococcus aureus, Candida albicans, Pseudomonas aeruginosa and Bacillus 
cereus. Furthermore, the mass spectral molecular networking analysis indicated that 1,4-
naphthoquinone-type compounds could be the principles of F. solani to inhibit those 
indicators. In continuing to natural products isolations of symbiotic marine fungi, five 1,4-
naphthoquinone-type compounds  1-5 were identified.  
  
Keywords: Fusarium solani , Palythoa sp. , symbiont , antibacterial activity , molecular net-
working 
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Evaluation of antifungal activity, and natural dye properties of Rhamnus petiolaris 
Boiss.(berries) and Pistacia terebinthus L. (leaves) ethanol extracts by HPLC analyses 


Tulin   Askun1*, Gulendam   Tumen1, Seyma Nur   Modanlioglu1, Pinar   Celikboyun1 
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Pistacia terebinthus L. (Anacardiaceae), known commonly as terebinth,was used in the 
traditional cures of the treatment of asthma, bronchitis and burns due to its aromatic and 
medicinal properties. Rhamnus petiolaris Boiss. (Rhamnaceae), endemic to Turkey, is a 
buckthorn plant species. The fully riped berries used for cathartic, depurative, diuretic, 
laxative and purgative. On the other hand, these plants are also include natural coloring 
agents. P. terebinthusand R. petiolaris give yellow tints. While P. terebinthus used for dyeing 
silk and carpet in Turkey; R. petiolarisserve the purpose of dyeing wool and cotton fabrics to 
yellow. Our aim was to evaluate antifungal activity to find the dye properties, and to 
reveal the phenolic profile of plants’ ethanol extracts using Shimadzu HPLC/DAD 
spectrometry. In this study, ethanol extracts of plants were assayed using the microdilution 
MIC/MFC methods for determine antifungal activity against four fungi (Aspergillus 
flavus, Aspergillus niger, Aspergillus ochraceus and Fusarium proliferatum). Plant extracts 
showed fungicidal activity on A. flavus, A.niger, A. ochraceus and F. proliferatum. Natural 
dye were obtained from the plants, after the process of dyeing, whereas the color spectrum 
of P. terebinthus was varied from dark grey to light yellow, R. petiolaris colour 
scale was changed from beige to light yellow. The major compound was chicoric acid for P. 
terebinthus and R. petiolaris. 
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FOS production, cell wall composition and gene expression in Neocosmospora vasinfecta 


as affected by carbon source 
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Production of fructo-oligosaccharides (FOS) has gained commercial importance since they 
are considered as functional food ingredients. Therefore, it is worth to find microbes with the 
ability to synthesize these products. The Brazilian savanna vegetation has a number of native 
plants accumulating inulin-type fructans and their rhizosphere has been a source of fungi able 
to metabolize these sugars. In this work, we investigated the effect of carbon source on the 
ability of Neocosmospora vasinfecta (URM 3329), a fungus isolated from one of these plants, 
to produce FOS and on its cell wall composition and gene expression. After cultivation on the 
sucrose-containing medium, it was observed the predominance of the trisaccharide 1-kestose, 
an intermediate in the synthesis of larger fructans, indicating activity of fructosyltransferases. 
When this microorganism was grown on inulin, the production of FOS was observed due to 
inulinase activity in the culture medium. Maintenance in inulin or fructose led to changes in 
the fungal macroscopic characteristics, resulting in a mycelium less vigorous and sparse and 
changes in cell wall composition when compared to sucrose. In contrast to inulin, fructose 
repressed β-glucan sintase and chitin sintase genes at transcriptional level. N. vasinfectahas 
shown to be a suitable fungus for biotechnological purposes, since it produces FOS by both 
synthetic and hydrolytic activities but fructose-containing carbon sources result in structural 
changes in its mycelia.(FAPESP, CNPq, Dinter-CAPES) 
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Stipe Elongation In The Straw Mushroom Volvariella Volvacea Is Coupled To Down-
regulation Of Cell Division 
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The edible straw mushroom Volvariella volvacea is an important crop in South East Asia and 
is predominantly harvested in the egg stage. One of the main factors that negatively affect 
yield and value is the rapid transition from the egg to the elongation stage, which has a 
decreased commodity value and shelf live. To improve our understanding of the changes 
during stipe development and the transition from egg to elongation stage in particular, we 
analyzed gene transcription in stipe tissue of V. volvacea using 3’-tag based digital expression 
profiling. Stipe development turned out to be fairly complex with high numbers of expressed 
genes, and regulation of stage differences is mediated mainly by changes in expression levels 
of genes, rather than on/off modulation. Most explicit is the strong up-regulation of cell 
division from BU to EG, and the very strong down-regulation hereof from EG to EL, that 
continues in the MA. BU and EG share cell division as means of growth, followed by a major 
developmental shift towards the EL with inactivation of cell division, that is continued 
throughout the MA. Examination of regulatory genes up-regulated from egg to elongation, 
identified three potential high upstream regulators for this switch. The new insights in stipe 
dynamics, together with a series of new target genes, will provide a sound base for further 
studies on the developmental mechanisms of mushroom stipes and the switch from EG to EL 
in V. volvacea in particular. 
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Gene family encoding major toxins and the expression pattern in  
Amanita exitialis basidiocarps 
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Amanita exitialis is a lethal mushroom only discovered from South China. The basidiocarps 
produce rich toxic cyclopeptides responsible for the poisonings and death of the victims. In 
the paper, gene family encoding the major toxins and the expression pattern in different parts 
and development stages were studied. Eleven genes and their predicted amino acid sequences 
encoding the toxins and related cyclic peptides were obtained from A. exitialis. Three amino 
acid sequences respectively matched α-amanitin, β-amanitin and phallacidin, one matched 
amanexitide and seven matched unknown peptides. The full-length cDNA sequences of α-
amanitin (AeAMA) and phallacidin (AePHA) were firstly cloned and analyzed, their full-
length cDNA sequences were 356 bp and 321 bp respectively, and the predicted proproteins 
were 35 and 34 amino acids respectively. The toxin genes of A. extitialis and those known 
from A. bisporigera shared high DNA sequences and amino acid sequences consensus rates. 
In addition, the expression patterns of α-AMA in three parts and four developmental stages of 
the basidiocarps were subsequently characterized by quantitative real-time PCR firstly. 
Results showed that the α-AMA could be expressed in all parts and stages, but the expression 
levels were different. In the pileus, α-AMA showed the highest expression level; among the 
selected stages, α-AMA showed the highest expression level in the early elongation stage. 
This study greatly enriches the diversity information of toxin gene family in 
lethal Amanita mushrooms, and could lay a strong foundation for expression of the toxin 
genes. 
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The blue-light photoreceptor sfwc-1 gene regulates phototropic response in homothallic 


ascomycete Sordaria fimicola 
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Sordaria fimicola, a coprophilous ascomycete, is a homothallic fungus that can undergo 
sexual differentiation with cellular and morphological changes and multicellular tissue 
development to complete its sexual cycle. In this study, we selected S. fimicola as an 
experimental organism and its photoreceptor gene was identified and characterized. S. 
fimicola photoreceptor, SFWC-1, contains LOV, PAS and other conserved domains which 
are highly homologous to the WC-1 blue-light photoreceptor of N. crassa, a classical 
heterothallic ascomycete model for fungal photobiology. Phylogenetic studies support the 
evolution of WC-1 proteins, suggesting that the blue-light photoreceptors may share a 
common ancestor within fungal phyla and be potentially used as a candidate marker for 
further evolutionary study. Disruption of sfwc-1 was accomplished by Agrobacterium 
mediated spheroplast transformation and homologous recombination. The mutants showed 
normal vegetative growth, but delayed and less pronounced perithecial formation. 
Interestingly, mutants also lost phototropic response of perithecial beaks and the direction of 
ascospore shooting is independent of light exposure as compared to the wild-type strain. Our 
results indicate that the sfwc-1 gene plays a key role in the blue-light photoresponse and is 
also associated with developmental regulation of perithecial formation in S. fimicola. Further 
functional characterization of S. fimicola sfwc-1 gene will contribute to better understandings 
of the photoregulatory networks mediated by the evolutionarily conserved photoreceptors 
across diverse fungal phyla. 
 
Keywords: Sordaria fimicola, blue-light photoresponse, sfwc-1 photoreceptor, phototropism, 
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Specific features of the genome of the ectomycorrhizal fungus Piloderma croceum: how 


do abiotic (light) and biotic factors (symbiosis formation) impact on the fungal 
transcriptome? 
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Piloderma croceum is an ectomycorrhizal fungus (EMF) with worldwide distribution and 
manifold ecological aptitudes including a broad range of hosts within both conifer and 
broadleaved tree species. The genome of P. croceum was recently fully sequenced and 
compared to those of other EM fungi. On this background, gene expression levels of two 
saprotrophic mycelial form (dark grown yellow and light grown white) and ectomycorrhiza 
synthesized with Quercus robur DF159 were compared. From the predicted P. 
croceum proteome with 21,583 members, 9086 (42%) were absent from the closely related 
EM fungi Laccaria bicolor and Paxillus involutus, including predicted proteases, peptidases 
and oxidases. The dark-light comparison identified thousands of differentially expressed 
genes, including the up-regulated glycosyl hydrolase genes encoding beta-glucosidases, exo-
beta-1, 3-glucanases, cellulases, and beta-glucuronidases. In addition, up-regulated amino 
acid and major intrinsic protein genes were detected, as well as five up-regulated 
hydrophobin genes. Upon EM formation, distinct members of hydrolases, oxidoreductases, 
calcium-binding proteins, laccases and G-protein alpha subunits, as well as multiple small 
secreted protein transcripts, are induced in EM. Our results show that P. croceum genome 
includes unique genes that may play out in nutrient acquisition and in different aspects of 
fungal development. The strong differential gene expression reveals first toolboxes that the 
fungus uses in response to abiotic and biotic factors, and how fungal genome integrated the 
EM symbiosis life style. 
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Massively parallelized and cost effective targeted next-generation sequencing of entire 


fungal exons using ion torrent semiconductor DNA sequencing 
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In recent years next generation sequencing (NGS) technologies have fundamentally changed 
genomic research and have opened up many novel research areas in modern molecular 
mycology. A routine, cost effective massively parallelized targeted NGS protocol for 
complete fungal exon sequencing, derived from long-range PCR products, would have great 
impact on the application, discovery and knowledge of e.g. gene synteny structure of novel 
biomarkers for medical diagnostics, genome architecture of pathogenicity islands present in 
plant and human pathogens and as a new powerful tool for large scale phylogenetic analysis 
screening hundreds of fungal taxa in parallel. Thus far, NGS projects were only performed in 
dedicated, highly specialized centers for genomic research, but recently also entered the 
realm of routine affordable application to medium-sized institutes like the CBS-KNAW 
Fungal Biodiversity Centre, demanding a further streamlining and simplification of the 
sample processing pipeline. We present the first massive parallelized targeted NGS 
sequencing data of the entire RNA polymerase subunit II exon in a phylogenetic framework, 
retrieved with a PGM ion torrent semiconductor sequencer. This study provides an outlook 
on the pitfalls and merits of targeted NGS sequencing, library preparation, library size 
selection, data analysis and its possible impact on mycology as a future substitute for Sanger 
DNA sequencing.   
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Structure and function of an accessory chromosome in Fusarium circinatum 
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Fusarium circinatum, the causal agent of pitch canker disease, is an important pathogen 
of Pinus species worldwide. The genome of F. circinatum has been sequenced allowing for 
the examination of genes and gene function as well as for the study of the structure of the 
genome. The structure of several of the genomes in the Gibberella fujikuroi species complex 
has been resolved using pulsed field gel electrophoresis and twelve chromosomes of varying 
sizes have been observed. Karyotyping of F. circinatum strains have shown size variation in 
the smallest chromosome as well as absence of the chromosomes in some lab strains, 
suggesting that this is an accessory chromosome. Within the ten California populations of F. 
circinatum a wide range of size variation was observed, from 0.75-1 megabase. An additional 
small chromosome was observed in one strain. This demonstrates the plasticity of the small 
chromosome within this species. 
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Synteny in the genomes of the closely related pathogens, Fusarium circinatum and 
Fusarium verticillioides 
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Synteny is an important feature underpinning our understanding of the evolution of species. 
In this study, the level of synteny between the genomes of two phylogenetically closely 
related plant pathogenic fungi, Fusarium circinatum and F. verticillioides was assessed. 
Scaffolds were generated from F. circinatum whole genome sequencing using SSPACE 
genome scaffolding computer software. These scaffolds were then orientated and ordered into 
chromosomes based on BLAST searches against a local database of the F. 
verticillioides genome. Synteny maps between the chromosomes of the two species were 
generated using the online Genome Synteny Viewer. A total of 583 scaffolds were assembled 
for the F. circinatum genome, with an average scaffold size of 75 000 base pairs (bp), and 
ranging between 500 bp and 1 213 886 bp in size. The N50 statistic showed that more than 
50% of the contigs were longer than 363 633bp. A high level of synteny was detected 
between the two fungi, but numerous breakpoints were also found. These arose from small 
chromosomal rearrangements, inversions mainly at the terminal ends of chromosomes and 
indels. The syntenic breakpoints observed in this study suggest that the evolution of these two 
taxa involved numerous changes at the chromosomal level. Further analyses of these 
breakpoints, especially where they are caused by large and apparently unique insertions, will 
allow for a more detailed understanding of the forces that drive speciation in these and 
other Fusarium species. 
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Trichoderma reesei (Hypocrea jecorina) meiosis generates segmentally aneuploid 
progeny to enhance production of xylan-degrading hemicellulases 


Chia-ling Chen1*, Yu-Chien Chuang1, Wan-Chen Li1, Paul Wei-Che Hsu2, Shu-Yun Tung2,  
Hsiao-Che Kuo2, Monika Schmoll3, Ting-Fang Wang2 


 
1Institute of Molecular Biology, Academia Sinica, Taiwan 
2Institute of Molecular Biology , Academia Sinica, Taiwan 
3Austrian Institute of Technology, Health and Environment Department, Bioresources, University and Research 
Center, Austria 


  
Hypocrea jecorina is the sexual form of industrial workhorse fungus Trichoderma reesei 
QM6a. QM6a and its derivates are the main industrial sources of cellulases and 
hemicellulases used to degrade bimass to simple sugars. H. jecorina sexual reproduction 
yields hexadecadasci with 16 linearly arranged ascospores. Our results reveal that these 
ascospores are generated via two rounds of postmeiotic mitosis following the two meiotic 
divisions. The QM6a genome sequencing project revealed 89 assembled scaffolds (sets of 
ordered and oriented contigs) totaling ~ 34 Mb. Here, we also report that the genome of H. 
jecorina CBS999.97 wild isolate comprises large DNA rearrangements in scaffold 33 and 
scaffold 36. Remarkably, due to chromosome heterzygosity, the hexadecadasci of CBS999.97 
wild isolate frequently (>90%) contain four or eight inviable ascospores with an equal 
number of viable segmentally aneuploid ascospores. Array-based comparative genomic 
hybridization (aCGH) experiments revealed that all the viable segmentally aneuploid 
progenies have a large chromosomal duplication (~500 kb) and a short chromosome deletion 
(~33 kb). Intriguingly, segmental duplication contains genes involved in xylan degradation 
and enhances expression of several carbohydrate-active enzymes, particularly cell wall 
degrading hemicellulases. These results suggest additional impacts of meiosis in promoting 
genetic heterogeneity and genome plasticity. 
  
Keywords: Trichoderma reesei, segmental aneuploid, array-based comparative genomic 
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Genome sequence of an unknown fungus on onion revealed as Alternaria alternata in  
South Africa 
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Symptoms of a blight disease were observed on onion (Allium cepa L) leaves at the 
Agricultural Research Council-Vegetable and Ornamental Plant Institute (ARC-VOPI) 
experimental farm, South Africa. Samples of symptomatic leaves were collected for 
identification of causal organisms. Small pieces from collected leaf samples were surface 
sterilized with 3.5 % bleach for 1 minute, followed by 75 % ethanol, and rinsed using 
sterilized distilled water. Isolation of the fungus was undertaken on malt extract agar and 
DNA was extracted from a cleaned culture. Preliminary identifications of isolates were made 
using morphological and sequence analysis of the ITS region and EF1-alpha gene. Blasting 
these sequences to the GenBank database indicated they are similar to Alternaria alternata. 
Moreover, genomes of three representative isolates were sequenced using the IlluminaMiSeq. 
Sequences of LSU, RPB2, mitogen-activated protein kinase (MAPK) and MAT genes 
identical to A. alternata were identified. These results show that the causal agent of disease 
symptoms seen on onion is A. alternata. Moreover the study suggested that this fungus is 
heterothallic in South Africa, since both mating type genes are found on different isolates. It 
is therefore necessary to carry out more investigations in order to develop effective control 
measure for this disease.  
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Phylogenetic and population genetic analyses of Stagonosporopsis tanaceti, the cause of 
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Ray blight is a destructive fungal disease of pyrethrum (Tanacetum cinerariifolium) and a 
major threat to the Australian pyrethrum industry; the largest producer of pyrethrum 
worldwide. Multi-gene phylogenies and morphological studies resulted in the recognition of 
three Stagonosporopsis species as the cause of ray blight on Asteraceae. Stagonosporopsis 
tanacetiwas described as a new species and the cause of ray blight of pyrethrum in Australia. 
A de novo genome assembly of paired-end Illumina reads was used to develop a multiplex set 
of microsatellite markers, which was further employed for temporal and geographical genetic 
structure analyses of S. tanaceti populations in Australia. Identification of only one mating 
type gene in the population, high levels of clonality and significant linkage disequilibrium 
suggested sexual reproduction is absent or infrequent in the Australian pyrethrum fields. 
Discriminant analysis of principal components (DAPC) and minimum spanning networks 
detected two distinct clonal lineages in the older populations; each consisting of one 
dominant multilocus genotype (MLG) and multiple closely-related MLGs at low frequencies. 
This may be indicative of introduction of two clonal lineages; which have diversified 
independently in the apparent absence of a sexual stage in the field. Low geographical 
differentiation among fields in the absence of airborne sexual spores suggests that human-
mediated movement of infected seed may be a major source of long distance dispersal. A 
significant change in the genetic composition of the recent populations of S. tanaceti was 
detected, which is unlikely to be the result of mutation or recombination, and is subject to 
further investigation. 
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The genetic, expressional and physiological basis of invasiveness of  
the harmful house-invader Serpula lacrymans 
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The dry rot fungus, Serpula lacrymans (Serpulaceae, Boletales), is the most aggressive 
fungus decomposing buildings in temperate regions worldwide. The species has invaded 
Europe and Japan independently from its native range in central Asia. We are investigating 
the genetic, expressional and physiological basis for the success of the fungus as an invader 
of human-made wood constructions. We hypothesize that 1) genetic diversity in the invasive 
population is important in order to be an efficient invader, 2) that the gene expression of 
certain genetic pathways, e.g. translocation proteins, will be important to tolerate the semi-
arid and nutrient-patchy habitat inside houses, 3) that genes have been lost in relation to stress 
and temperature tolerance in the house invading strains, and 4) that the house-invading strains 
are inferior biological competitors in the wild in their founder areas. We have sequenced the 
genomes of Serpula lacrymans strains of the different invasions and the wild relative, Serpula 
shastensis. We are manipulating the growth conditions of these strains and are sequencing 
RNA from these different growth conditions. Preliminary results indicate that the genetic 
diversity is larger in the Japanese population, and that the Japanese population is more 
efficient in decomposing wood than the European population. We expect to obtain further 
knowledge of the changes accompanying the transition from the wild into houses, and the 
role of gene expression in brown rot decomposition. 
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Securing the Australian Capsicum industry from incursion of exotic Colletotrichum 
species that cause anthracnose disease 


Dilani De Silva1*, Paul .W. J. Taylor2, Peter K. Ades3 
 
1Agriculture and Food System, University of Melbourne, Australia 
2Agriculture and Food systems, University of Melbourne, Australia 
3Forest and Ecosystem Science , University of Melbourne, Australia 


  
Colletotrichum is one of the most frequently reported groups of pathogenic fungi 
causing anthracnose disease in crop plants all over the world. Recently 
the Colletotrichum spp. infecting Capsicum belonging to the C. acutatum complex were 
identified as C. scovillei in SE Asiaand C. brisbanensein Australia. In addition, species of 
the C. gloeosporioides complex were identified as C. siamense. The understanding of the 
taxonomy and the pathogenicity of species within this complex has great significance to the 
Australian chili industry where there are serious biosecurity implications from incursion by 
new exotic pathogens entering from SE Asia. A collection of Colletotrichum isolates from 
Australia, Thailand, Malaysia, Sri Lanka, Bhutan, Taiwan and Indonesia of the C. 
acutatum and C. gloeosporioides complexes are being established.  The taxonomy of these 
isolates will be confirmed using morphological characters and multi gene phylogeny; and the 
pathogenicity of isolates from different species will be determined using a chili fruit bioassay 
procedure. Of 10 isolates collected from diseased chili fruits from Malaysia, five clustered 
with C. scovillei. The other isolates, including one that produced ascospores, formed separate, 
unidentified group that need further characterization. These results demonstrate the potential 
for new unidentified Colletotrichum species to exist close to Australia’s borders that may 
pose a threat to the security of the Australian Capsicum industry.  
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Development of simple sequence repeat (SSR) markers for Chinese isolates of  
Marssonina coronaria 
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Marssonina coronaria, the causal agent of Marssonina leaf blotch of apple, causes severe 
defoliation in all apple growing districts in China. We developed and characterized 9 simple 
sequence repeat (SSR) markers specific to Marssonina coronaria. The primers for 
these markers were designed t by using 5 'anchored PCR method; All these 9 primer 
pairs MC74-1, MC74-A MC73-1, MC73-A, MCAC-1, MCCT1-1, MCCT1-A, MCCT2-1, 
MCCT2. A can differentiate varieties of Marssonina coronaria successfully amplified DNA 
fragments from a sample of 16 strains of Marssonina blotch. These SSR markers are well 
suited for population genetics of Marssonina coronaria. 
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Brown-rot fungi are common inhabitants of ecosystem and widely responsible for wood 
degradation. Wood decay mechanism includes the non-enzymatic degradation of plant cell 
wall generating hydroxyl radicals through the Fenton reaction. In this study, Fomitopsis 
pinicola (Sw)P. Karst, an outcrossing, brown rot basidiomycete fungus will be studied with 
respect to wood degradation. Our aim is to study a population of genomes and compare 
genomic variations with an SNP matrix for the analysis of Linkage Disequilibrium. 30 
European monokaryon strains have been sequenced by Illumina, assembled by Velvet, 
aligned by Bowtie and the genes are predicted using the MAKER pipeline. Predicted genes 
will be clustered by orthoMCL, and the clusters will be screened for genes under positive 
selection (dN/dS). We also aim to study the genomes with respect to recombination. Regions 
with low recombination are expected to have genes important for selection. In a first 
sequenced strain the genome size was estimated to be 36.22 Mbp and the number of gene 
models was 11532 when annotated with the MAKER pipeline. We also aim to compare the 
genome of an American strain with the European strain. The genome wide comparison may 
provide information about which genes/gene families that has been of importance for the 
wood decay trait. 
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association and their recognition by the host plant barley 


Anna Avrova1*, Louise Gamble1, Lucie Griffe1, Barbara Franco Orozco1, Olaya Ruiz2, Martin Münsterkötter3, 
Wolfgang Knogge4, Adrian Newton1, Kim Hammond-Kosack2 and Kostya Kanyuka2 


 
1Cell and Molecular Sciences, James Hutton Institute, Dundee, UK,  
20:20 Wheat® Programme, Rothamsted Research, Harpenden, UK, 3MIPS - Institute of Bioinformatics and 
Systems Biology, Munich, Germany, 4Leibniz-Institute of Plant Biochemistry, Halle, Germany 


  
Secondary metabolites can play an important role in the host-pathogen interaction.  A 
complete set of polyketide synthase (PKS) genes were identified in Beauveria bassiana BCC 
2660 by PCR analysis with primers specific for all 15 PKS genes found in B. 
bassiana ARSEF 2860 genome. The fungus has 12 PKS genes (pks3, pks4, pks5, pHy6 
(tenellin synthase), pks8, pHy9, pks10, pks11, pks12, pks13, pks14, and pks15). Gene 
expression analysis of all 12 PKS genes was investigated under fourin vitro culture 
conditions, Czapeck-Dox yeast extract broth (CYB), CYB supplemented with 10% (v/v) 
Grace’s insect medium and 0.5% (w/v) beet armyworm (CYB+), potato dextrose broth 
(PDB), and Sabouraud dextrose broth with yeast extract (SDY) at 3, 5, and 7 days of 
incubation.  RT-PCR result indicated that three genes (pks5 (reducing clade I), pks12 
(reducing clade IV), and pks15 (reducing clade III) were expressed in all the 4 
conditions.  Expression of pks3, pks4, pHy6, pks10, pks11, and pks13 was detected in 
different level in certain conditions.    In contrast, three other genes (pks8, pHy9, and pks14) 
were not expressed in all the tested conditions. These PKS gene expression data provide a 
platform for finding polyketide compounds in the corresponding culture conditions in the 
future. 
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Utility of fungal metabolites to combat multiresistant pathogenic gram negative bacteria 
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The increasing emergence of multidrug-resistant (MDR) bacterial infections around the world 
is alarming. This situation has prompted renewed efforts to discover novel antibiotic drug 
candidates from fungal secondary metabolites. As part of EU-funded project on the discovery 
of novel antibacterial agents and drug targets to combat gram-negative pathogenic bacteria 
(AntiPathoGN; www.antipathogn.eu), extracts from several fungal strains were showed 
interesting activities against clinical isolates. The active principles were isolated to purity 
after scale up of fermentation and extensive chromatography and identified by spectral 
techniques (NMR, MS). For instance, spiculisporic acid derivatives were shown to inhibit 
biofilm formation in pathogenic E. coli and A. baumannii, and several other compounds with 
promising effects against gram-negative bacteria, but even against MRSA 
and M. tuberculosis were found. The most interesting aspects of this research will be 
summarized. 
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Metabolic profiling of potential disease progression markers for Cryptococcus 
neoformans infection 
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Cryptococcus neoformans is an encapsulated yeast-like fungus commonly associated with 
pigeon droppings and soil. The opportunistic pathogen infects humans through the respiratory 
system and the metabolic implications of C. neoformans infection have not been explored. 
Studying the metabolic profile associated with the infection could lead to the identification of 
possible biomarkers associated with disease progression. Therefore, the aim of this study is to 
identify the potential disease progression markers associated with the infection of lung 
epithelial cells (A549) by C. neoformans at low and high multiplicity of infection (MOI). 
Lung epithelial cells infected with C. neoformans at MOI of 10 and 100 over a period of 18 
hours were analysed using GC-MS. The metabolic profiles associated with both infection 
loads were obtained and further analysed using SIMCA 13.0.3. Using PLS-DA analysis in 
SIMCA, it was observed that for MOI10, the metabolites of importance shifts from uric acid, 
L-tryptophan, xylitol and d-mannose at 6 hours to lactic acid, pantothenic acid, 2, 3-
hydroxypropanoic acid at 12 hours and uric acid again at 18 hours. For MOI100, the 
metabolites shift from D-mannitol, L-cysteine, L-leucine, L-glutamic acid and uric acid at 6 
hours to urea, adonitol, citric acid and L-tyrosine at 12 hours and subsequently to 3-
hydroxyisovaleric acid and DL-3-phenyllactic acid at 18 hours. In conclusion, this study 
explores the possibility of obtaining metabolic markers using metabolomics to indicate 
disease progression.  
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Heterologous expression of lignin peroxidase H8 from Phanerochaete chrysosporium in 
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The aim of this study was to produce recombinant lignin peroxidase to partially degrade 
lignocellulose. Two genes, cDNA generated from RNA of Phanerochaete 
chrysosporium ATCC 24725 and synthesized codon-optimized lipH8 gene from P. 
chrysosporium LG4, encoding lignin peroxidase H8, were expressed in Pichia 
pastoris system. In there, Phanerochaete chrysosporium ATCC 24725 was used as control 
for comparing to Vietnamese strain LG4, adapted to the environmental factors in Southern 
Vietnam. In this research, pPIC9K, containing AOX1 promoter and α-factor signal peptide 
of Saccharomyces cerevisiae were used as an expression vector. Consequently, 
recombination proteins encoded by these two genes were considerably secreted by yeast cells 
after 96-h growth. The extracellular lignin peroxidase activity of two recombinants was 2 
U/L and 6 U/L. SDS- PAGE showed that recombinant proteins from two clones were of size 
43 kDa. As the result, recombinants lignin peroxidase was successfully expressed 
from Pichia pastoris.  
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In the model fungus Aspergillus nidulans, the LaeA protein encoding methyl transferase has 
been reported as a global regulator. Deletion mutants of LaeA (ΔLaeA) showed inhibition on 
expression of the multiple secondary metabolite gene clusters, such as biosynthetic genes for 
penicillin and aflatoxin in Aspergillus spp. Alternaria alternata is generally saprophytic, 
while at least seven pathogenic variants (pathotypes) produce host-specific toxins (HSTs) and 
cause severe disease on each host plant. In the tomato, apple and strawberry pathotypes of A. 
alternata, function and pathological role of the HST biosynthetic genes have been examined 
in detail. The LaeA homologues (AtLAEA, AsLAEA and AaLAEA) that encode a 
methyltransferase in the three pathotypes (tomato, strawberry and apple pathotypes, 
respectively) of A. alternata were identified based on the draft genome sequences data. In 
the AtLAEA mutant (ΔAtLAEA), AAL-toxin production and pathogenicity were dramatically 
reduced.Expression of the AAL-toxin biosynthetic gene cluster was also reduced in the 
mutant. Other phenotypes, e.g. mycerial growth and spore production, also changed in the 
mutant. Production of AF- and AM-toxins and pathogenicity were decreased in 
the AsLAEA and AaLAEA mutants, respectively. Thus, LAEA genes positively regulate HSTs 
production, pathogenicity and morphogenesis of the three pathotypes of A. alternata. 
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2Grad. Sch. Bioagric. Sci., Nagoya Univ., Japan 
  
The plant pathogenic fungus Alternaria alternata produces several secondary metabolites 
(SMs), which belong to different chemical class, e.g. polyketide and nonribosomal peptide. 
AAL-toxins (polyketide) and AM-toxins (nonribosomal peptide) were identified as host 
specific toxins (HSTs) in the tomato and apple pathotypes of A. alternata, respectively. The 
biosynthetic genes including PKS or NRPS gene of the toxins were identified and they are 
clustering as well as other SM clusters. Recently genome analysis of fungi has revealed that 
ascomycetes, especially Aspergillus spp., have many PKS or NRPS genes. In this study, we 
determined draft genome sequence of the three strains of A. alternata (two strains; tomato 
pathotype of A. alternata, one strain; nonpathogenic A. alternata) using Roche 454 FLX or 
illuminaHiseq 2000. Gene prediction based on the draft genome sequence showed that A. 
alternate contains at least 10 PKS, seven NRPS and four PKS-NRPS hybrid genes. 
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Evaluation of MALDI-TOF Mass Spectrometry in identification of Aspergillus spp. and 
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Aspergillus and Fusarium are common causative agents for morbidity in immuno-
compromised patients. Species identification by conventional methods is cumbersome, time-
consuming and often relies on the ability of the organism to form characteristic asexual 
reproduction structures. In addition, interpretation can be complicated, especially when 
closely related species are morphologically indistinguishable. As rapid and correct 
identification of causal agent is required for successful treatment, novel techniques that 
provide fast and accurate identification are of special interest. Molecular techniques have 
been evolved in the field of microbial identification. However, these methods are of high cost 
and time-consuming. Recently, matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS) has been applied in the field of microbial 
identification whereby rapid identification to species level can be performed by matching 
the protein pattern with the extensive open database. In this study we evaluated the ability 
and accuracy of MALDI-TOF MS in identification of Aspergillus spp. and Fusarium spp. 
from clinical isolates, obtained from Siriraj Hospital. Correct identification was verified by 
sequencing using ITS region as target. The results revealed that 25 from 27 clinical isolates 
were correctly identified to genus level. One isolate was misidentified and one isolate showed 
inconclusive result. Our preliminary study indicated that MALDI-TOF MS may be promising 
as rapid and cost effective alternative method for identification of Aspergillus spp. 
and Fusarium spp. However, further investigation is required to evaluate application in 
routine laboratory diagnosis, as well as in identification of other filamentous fungi. 
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Evaluation of antifungal activity and molecular mechanisms of plumieride and 
plumieridine compounds against Cryptococcus neoformans and Cryptococcus gattii 
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Cryptococcosis is an invasive fungal disease caused mainly by the pathogenic 
species Cryptococcus neoformans and Cryptococcus gattii. Worldwide, cryptococcosis 
affects approximately 1 million individuals annually manly in HIV/AIDS patients. Currently, 
antifungal drugs have some limitations related to toxicity and resistance, which emphasizes 
the importance of search for new drugs. Our group identified the antifungal potential effect of 
two iridoids - plumieride and plumieridine - isolated from Allamanda polyantha seeds 
(Apocynaceae). The biological activities of plumieride and plumieridine compounds 
against C. neoformans and C. gattii are being evaluated. We propose the use of a practical 
model to monitor the treatment efficacy of these compounds against C. neoformans and C. 
gattii infection by constructing mutant fluorescent strains constitutively expressing the 
TurboFP635 reporter gene. Phenotypic analyses related to the major virulence factors 
(capsule, melanin and growth at 37°C) were conducted with these mutant strains. Our 
approach involves mice infection with C. neoformans and C. gattii fluorescent strains, 
followed by fluorescence-based in vivo imaging analyses to evaluate the infection progress 
during treatment. The effects of plumieride and plumieridine compounds were compared with 
fluconazole and amphotericin. In order to elucidate the molecular mechanisms 
of plumieride and plumieridine, a C. gattii mutant library (ATML) with 8,000 mutants is 
being screened to find sensitive and resistant mutants. The interrupted locus in these mutants 
will be determined by inverse PCR. Our results may contribute for description and 
development of new antifungal compounds for cryptococcosis treatment. 
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Immunity function of extracellular polysaccharides from Inonotus obliquus 
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Inonotus obliquus is a very valuable and important medicinal fungus because of its activities 
to improve and maintain human health conditions. The purpose of this study was to evaluate 
the effect of a dietary supplement, extracellular polysaccharides of I. obliquus, on regulating 
the immune functions in mice. Twenty-four mice were randomly assigned to one of three 
groups (G): G1 controls (n=8) no supplement fed, G2 (n=8) fed with dietary supplement at a 
designed dose (0.08% w/w, weight of additive to food), G3 (n=8) fed with zymosan (1.0% 
w/w). After experimental mice were fed with extracellular polysaccharide of I. obliquus for 4 
weeks, the whole blood was collected to separate serum for ELISA assays on TNF-α, INF-γ, 
IL-6 and CRP. The intestinal samples were also harvested for gene expression assays on IL-
8R, TNF-α, CRP and IL6 using quantitative real-time PCR. Group differences were analyzed 
using ANOVA algorithm. The results from ELISA showed that there were significantly 
lower concentrations of mouse serum TNFα and INFγ (P<0.05) in treated groups, while there 
were no significant difference on the concentrations of IL-6 and CRP. For intestinal samples, 
the results showed IL-8R and IL6 mRNA expression was increased in supplemented groups, 
while TNFα mRNA expression was decreased; however, there was no difference in CRP 
mRNA expression. The results from this study demonstrated dietary supplement to mice 
improved the immune capabilities of immune cells, which indicated that extracellular 
polysaccharide of I. obliquus could be useful as the modulator of immune function. 
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Immunity regulating function of polysaccharides from Boletus edulis 
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In order to evaluate the effect of the water polysaccharide extract from Boletus 
edulis  (BEBP) on immunity regulating function in normal mice, sixteen six-week-old male 
mice were randomly assigned to one of two groups including control and BEBP group (250 
mg BEBP/kg in dosage), in 28-day trial, feed and water were provided for ad 
libitum consumption. Body weights were recorded weekly. At the day of 28, dissecting the 
mice, thymus and spleen were harvested. The weights of organs were recorded and the 
indexes of immune organ were calculated and analyzed. The serum samples were used for 
ELISA assays to determine concentrations and trend of IFN-γ, IL-6, TNF-α and CRP. The 
sample of ileum was examined for gene expression analysis using quantitative real-time PCR 
assay. The results showed that after 28 days trial, the BEBP group had significant higher 
body weight compared with the control group (P<0.01). Comparing with control group, the 
immune organs indexes improved in the BEBP group, the concentrations of IL-6 and CRP 
in BEBP group were on a downward trend and the concentrations of TNF-α, IFN-γ were 
increased in BEBP group. The quantitative PCR results showed BEBP can improve the IL-8R 
mRNA expression levels and reduce IL-6, TNF-α, CRP in mRNA levels in mouse ileum 
samples. The results demonstrated that BEBP can improve the body immune status of normal 
mice. The results will be able to provide a theoretical basis for further development and 
utilization of B. edulis. 
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Aspergillus fumigatus Dap1 (damage resistance protein 1) affects susceptibility to azole 
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Aspergillus fumigatus is one of the most prevalent airborne fungal pathogens that azole drugs 
are used as the first-choice therapies. In yeast, Dap1 (damage resistance protein 1) involves in 
azole susceptibility and deletion of dap1 leads to partial arrest in sterol synthesis and hyphal 
growth. In A. fumigatus, there are three predicting Dap1 homologs (GenBank accession No.: 
XP_754570, XP_753017 and XP_752200), which all share the conserved cytochrome b5-like 
heme-binding domain. However, the functions of these three homologs have not been 
reported yet. Here we demonstrated that deletion mutant of XP_754570, referred as ΔAfDap1, 
but not XP_753017 and XP_752200 showed the hyper-sensitive phenotype to azole 
antifungals. Moreover, through sterol assay, ΔAfDap1 exhibited a 5% decrease in the amount 
of ergosterol but 34-fold increase of a precursor compound of ergosterol–lanosterol compared 
to wild-type, suggesting AfDap1 affects the synthesis from lanosterol to ergosterol. 
Moreover, the impaired growth in ΔAfDap1 induced by azoles was partly rescued by 
cholesterol presented in the serum media, suggesting azole susceptibility in mutant could be 
related to the defect of sterols in plasma membranes. Since one of the critical steps during the 
synthesis of ergosterol is catalyzed by a 14-α-sterol demethylase (Cyp51), which is composed 
of Cyp51A and Cyp51B, we next investigated what the relationships between Cyp51A and/or 
Cyp51B with AfDap1. Consequently, overexpression of both Cyp51A and Cyp51B 
significantly enhanced azole tolerance than that of control strain both in the absence 
of AfDap1. These results suggest that Cyp51A and Cyp51B may act as the downstream 
components of AfDap1. 
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In silico predictions of biological roles of hypermutability of protein-coding tandem 
repeats in Candida albicans 
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The yeast Candida albicans, a colonizer and occasional pathogen of humans, has 2600 TR-
ORFs: open reading frames with DNA tandem repeats encoding amino acid repeats. Many 
TR-ORFs have clade-specific alleles, suggesting that the high mutation rates typical of TRs 
allow evolution of protein variants optimized for specific clades. However, some TR-genes 
could be contingency genes. In these, frequent generation of novel alleles could assist in 
transient short-term adaptation to different host niches or in evading a host response. We 
explored if it is possible to identify such genes bioinformatically, on the basis of (i) a high in 
silico predicted mutation rate and (ii) absence of TR repetitiveness-decreasing synonymous 
mutations (indicating that hypermutability is favored by selection). Of six genes with high 
predicted mutability, undiminished by synonymous mutations (RLM1, HYR3, PGA55, EAP1, 
IFF6 and ORF 19.1075), three showed allele distributions expected for contingency genes. 
HYR3 and EAP1 allele distributions appeared influenced by the type of interaction with the 
host of the isolates from which the sequences were obtained. RLM1 had a high number of 
alleles and none of these were preferably associated with a specific clade.  An analysis of 12 
genes with a range of lower predicted mutabilities did not show the expected correlation 
between predicted mutation rate and (i) the number of alleles in different strains and (ii) a 
reduction in the likelihood of clade-specific alleles.  
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Comparative genomics and transcriptomics reveal life strategy of Hirsutella spp. 
parasitizing on nematodes 
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Hirsutella minnesotensis and H. rhossiliensis are dominant endoparasitic fungi of secondary 
stage juvenile of soybean cyst nematode by producing spores adhesive to and penetrating the 
host. As unique of nematode parasites, we sequenced the whole genome of the two species 
and compare genome features with 5 insect fungi and 3 nematode trapping fungi. The 
Hirsutella spp. most likely evolved from insect pathogen Tolypocladium inflatum and closely 
related to Ophiocordyceps sinensis. Transposable elements (TEs) are strikingly enriched in 
Hirsutella genomes and species specific genes and orphan genes are expanded in TE-rich 
regions. Hirsutella genomes encode an extensive group of genes involved in secondary 
metabolism and zinc finger transcription factor as well as proteases. The expanded and 
diverse secondary metabolite genes are enriched in proximity to TEs, suggesting faster 
evolution because of the effects of RIP mutations. Transcriptomes of H. minnesotensis 
parasitic stages on nematodes reveal secreted proteases highly expressed during adhesion and 
consuming nematode body stage, suggesting an important function in cuticle degradation and 
protein nutrient uptake. In addition, the up-regulation of secondary metabolite genes before 
penetration and during growth within the nematode body indicating their potential role in 
signaling and host manipulation. These genome and transcriptome analyses are important to 
our understanding of the life strategy of nematode endoparasitism. 
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The genus Amanita encompasses a single clade of symbiotic, ectomycorrhizal (EM) fungi 
derived from asymbiotic ancestors, and extant asymbiotic species. Carbohydrate esterases 
family 1 (CE1s) are a diverse group of enzymes involved in carbon metabolism, including 
decomposition and carbon storage. The family has a complex evolutionary history. CE1 
genes of A. muscaria appear diverged from fungal homologues, and similar to CE1s of 
bacteria. To test whether Amanita CE1s are the result of horizontal gene transfer (HGT), and 
if EM Amanita possesses the same CE1s as saprotrophic Amanita, we built phylogenies from 
a comprehensive dataset collected from across the tree of life, and described the evolution of 
CE1 genes and proteins among the Amanita and relevant lineages of bacteria. The CE1s of 
EM Amanita and bacteria are homologous, suggesting HGT. Asymbiotic Amanita do not 
carry homologues of these genes. A dynamic history of duplications and losses appears to 
characterize the CE1 family within EM Amanita. The protein structure of one of the CE1 
genes of A. muscaria is a strong match to a microbial polymerase that degrades poly [(R)-3-
hydroxybutyrate] (PHB). The HGT of CE1s may have enabled innovations in the carbon 
metabolism of EM Amanita species. 
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Genomic insights into halophilic and halotolerant fungi 
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Sequencing of genomes and transcriptomes of three fungi from hypersaline environments 
(Wallemia ichthyophaga, Hortaea werneckii, and Aureobasidium pullulans) provides us with 
a unique opportunity to investigate the genomic basis of eukaryotic salt tolerance. The 
genomes vary substantially in their size, from the very compact W. ichthyophaga (10 Mbp, 
4884 predicted genes), to the duplicated genome of H. werneckii (50 Mbp, 23333 predicted 
genes). Increased numbers of alkali metal cation transporters were identified in the genomes 
of the related H. werneckii and A. pullulans. This is in line with the difficult task of 
maintaining proper ionic balances in hypersaline conditions. However, in the case of the 
phylogenetically distant W. ichthyophaga, the number of such transporters was very low, 
although this species tolerates the highest salt concentrations of all three. The genomes and 
transcriptomes strikingly differ also in several other traits, from genes encoding extracellular 
enzymes, to mating-type genes. Do these species employ fundamentally different strategies 
of halotolerance? If so, do we need not only one, but several model organisms to truly 
understand, what enables a small selection of fungi to survive at salt concentrations high 
enough to kill the majority of others? An overview of shared and unique genomic traits of the 
halophilic W. ichthyophaga, extremely halotolerant H. werneckii, and polyextremotolerant A. 
pullulans will be presented in light of their peculiar extremotolerant/ extremophilic lifestyles. 
Their medical relevance and their biotechnological potentials (especially of A. pullulans) will 
also be discussed. 
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Effect of NaCl stress on basidiospore germination and subsequent colony formation in 
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Rhizopogonroseolus (Corda) Th. M. Fr.  is a hypogeous basidiomycete that is an ectomy-
corrhizal symbiont of Pinus thunbergiiin coastal areas and this fungal species is known to be 
salt tolerant species. Our previous study revealed intraspecific variation in mycelial growth 
in basidiospore isolates (primary mycelia), and found superior isolates which showed 
vigorous mycelial growth under NaCl stress. However few superior isolates were obtained in 
our previous study. In this study, we examined the effect of NaCl stress on basidiospore 
germination and subsequent colony formation to obtain many superior isolates efficiently. 
The basal medium used in this study was diluted MMN agar medium (DMMN), in which the 
concentration of the medium composition was decreased to 1/5 that used in MMN. The 
basidiospore suspension was poured onto the DMMN medium amended with four different 
concentrations of NaCl: 0, 50, 150, 300 mM. After 20 days incubation, the basidiospore 
germination rate was measured. There were five replicate plates in each treatment. The 
basidiospore germination and subsequent colony formation were observed in each treatment. 
However the basidiospore germination rate and the number of isolates obtained in each 
treatment decreased with increasing NaCl concentration. In this study, the number of 
basidiospore isolates obtained in 0 mM and 50 mM treatment were more than 100 isolates, 
while the number of isolates obtained in 150 mM treatment and 300 mM treatment were less 
than 50 isolates and less than 10 isolates respectively. Evaluation in salt tolerance of these 
isolates germinated under NaCl stress is currently underway. 
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Draft genome sequencing of shiitake mushroom (Lentinulaedodes) strain M852 and 
development of an efficient Agrobacterium-mediated transformation method for the 
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The draft genome sequence of the Japanese monokaryon strain M852 of Lentinula 
edodes was determined mainly based on Roche 454 sequencing. Several gene clusters for 
biosynthesis of secondary metabolites (SMs) including genes for nonribosomal peptide 
synthases and polyketide synthases were determined in the genome. The SMs derived from 
those genes might be involved in biosynthesis of pigments, aroma formation and defense 
mechanisms against pathogens. For functional analysis of genes identified by the draft 
genome sequencing, an efficient and convenient transformation method was developed based 
on Agrobacterium tumefaciens-mediated transformation (ATMT). The ATMT with vectors 
harbouring the hygromycin B resistance marker gene (hph) under the control 
of Agaricusbisporus gpd promoter was used to transform vegetative mycelium of several 
Japanese strains of L. edodes. The protocol generated a high number of transformants 
depending on combination of strains of L. edodes and Agrobacterium. High transformation 
efficiency was observed with the L. edodes strain M852. Functional analysis of L. 
edodes target genes is now underway by employing both ATMT and conventional 
protoplast/PEG transformation method. 
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Variation in the a mating locus may predict invasive potential by unique molecular 
mechanisms in free-living and symbiotic Amanita 
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Baker’s law states that self-compatible organisms are more likely to succeed at the limits of a 
species’ range and thus have a higher invasive potential. While generally accepted in plant 
invasion biology, the idea has been difficult to test in fungi because of the paucity of well-
characterized invasive species. The genus Amanita contains several invasive species, both 
free-living (saprotrophic), most notably A. thiersii, which is expanding its range northward 
from the Texas, and symbiotic (ectomychorrhizal), including the “Death Cap,” A. phalloides, 
which is invasive on the US West Coast. Preliminary evidence suggests that, in 
the Amanita, free-living species obey Baker’s Law, but symbiotic species do not. 
Examination of the A mating locus across six species’ genomes suggests that A. thiersii may 
have lost tetrapolar self-incompatibility, providing a possible mechanism for its range 
expansion consistent with Baker’s law. Genetic data from A. thiersii shows extremely low 
diversity among widely geographically distributed isolates, further suggesting the species has 
become self-compatible. In contrast, AFLP shows that A. phalloides has remarkably high 
diversity, even among mushrooms collected just a few feet apart. Because of this, we 
hypothesize that A. phalloides is still self-incompatible. In addition to the six previously 
sequenced species, we have recently sequenced the A. phalloides genome and plan to screen 
the A mating locus of several mapped populations. With an abundance of high quality 
sequence data across seven Amanita spp. and densely sampled mapped populations of both 
free-living and symbiotic invasives, we aim to provide the most detailed and holistic 
examination of Baker’s law in fungi to date. 
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Roles of a reducing clade III polyketide synthase of the fungus Beauveria bassiana in 
insect virulence 
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The reducing clade III polyketide synthase genes are highly conserved among 
entomopathogenic fungi. We investigated functions of this gene pksIII in insect pathogenesis. 
The gene was disrupted with the bialophos-resistance gene in B. bassiana BCC2660 using 
Agrobacterium transformation. PCR analysis of all 28 transformants with primers located 
outside the disruption construct indicated that two were pksIII-null mutants: A19 and A21. B. 
bassiana wild type and A21 mutant had no difference in radial growth rate and only a slight 
difference in colony color on PDA. Four single conidial isolates of A21 were generated. 
Insect virulence analysis against cassava mealybug indicated that A21.2 and A21.4 exhibited 
lower virulence than wild type by 38 and 33% respectively at 48 h post inoculation (PI). As 
the host cellular immune response is the first line of defense against pathogens in the 
hemocoel, we compared the ability to survive phagocytosis by the soil amoeba 
Acanthamoeba castellanii between wild type and mutants. At 48 h after challenge, A21.2 and 
A21.4 mutants generated a higher amoeboid survival percentage than that of wild type by 176 
and 93% respectively. Furthermore, determination of fungal CFU at 48 h PI indicated that the 
two mutants’ CFUs were 25 and 92% of that of wild type respectively. These data together 
suggested the reduced insect virulence of pksIII-null mutants could be partially accounted by 
the reduced ability to overcome phagocytosis by amoeba, which is analogous to the insect 
hemocyte. 


  
Keywords: Reducing clade III polyketidesynthase, Beauveria bassiana BCC2660, 
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Mating system of Ustilago esculenta and its polymorphisms 
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Zizania latifolia is a perennial aquatic plant. With the infection of smut fungus Ustilago 


esculenta, swollen galls of stem tissues are developed and become an edible delicious 
vegetable, so called water bamboo or wateroat. Z. latifolia has a long cultivation history in 
East Asia and is mainly distributed in China, Japan, and Taiwan. The infection process 
of U. esculenta is known to associate with sexual development, however, the details of its 
mating control, mating type genes and related morphological events are not well 
characterized. To determine these features, we extensively collected infected plant materials 
in Taiwan and isolated the single sporidial strains. Mating reactions were conducted and 
sexual filaments were observed in some pairing samples of sporidial strains. To provide 
molecular evidence of mating control, we further identified the mating type loci 
of U. esculenta, and their genetic and idiomorphic structures were characterized. We hope to 
elucidate the genetic natures of U. esculenta and provide the foundation and materials for 
breeding of this vegetable crop. 
 
Keywords: Zizania latifolia, smut fungi, Ustilago esculenta, mating type locus, breeding 
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Cytokines and chemokine profiles during the innate immune response in mice after 
intra-nasal infection with Histoplasma capsulatum mycelial propagules 
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In natural conditions, aerosolized infective propagules of the mycelial phase from the 
dimorphic fungus Histoplasma capsulatum (Hc) can produce a respiratory infection when 
inhaled by humans and other mammals. In the host environment, Hc changes to its parasitic-
virulent yeast phase. The most common clinical manifestation of acute Hc infection is the 
pulmonary disease. The initial host defense (innate response) can promote the fungus’ 
elimination from tissues, blocking infection progress. However, scarce data are available 
about this response after the first contact with a mycelial inoculum. To address this problem, 
our laboratory has used a model of pulmonary histoplasmosis in BALB/c mice that mimics 
the course of self-limited infection in humans. Using Luminex-Multiplex Analyst Platform, 
we report the quantification of cytokines and chemokines in lung homogenates from mice 
intra-nasally infected with the mycelial propagules from two virulent Hc strains, G217-B 
from the USA or EH-46 from Mexico. For both strains, the innate cytokines, IL-1b and TNF-
a, developed the highest concentration at 6 h and 7th day post-infection, respectively, whereas 
the MIP-2 chemokine was expressed at 3 h post-infection, particularly in animals infected 
with the G-217B strain. The primary host lung defense against Hc depends on the early 
response associated with special cytokine and chemokine innate profiles stimulated by fungal 
components on the surface of the infective M-phase and the parasitic Y-phase, derived from 
the fungal dimorphism triggered during the first step of infection.This research was 
financially supported by a grant from CONACYT-Mexico (ref-166052). 
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Induction of local immune response by systemic Candida albicans infection in an 
intravenous challenge mouse model 
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Different murine species differ in their susceptibility to systemic infection with Candida 
albicans, giving rise to varied host immune responses, and this is compounded by differences 
in virulence of the different yeast strains used. Hence, this study was aimed at elucidating the 
organ-specific expression profiles of cytokines and chemokines of clinical C. albicans isolate 
(HVS6360) in a murine intravenous challenge model. Customized PCR array was used to 
analyze the expression of local immune response in the kidneys, spleen and brain from both 
the uninfected group and the groups infected with C. albicans at 24 h and 72 h post infection. 
Pattern recognition receptors (PRRs), chemokines and cytokines transcription profiles were 
varied among the different organs (kidney, spleen and brain) over 72 h post infections. 
Transcription of most of the PRRs, cytokines and chemokines were suppressed at 72 h post 
infection in spleen, which indicate no progression of infection in this site and accompanied 
with the shut down of immune responses which can avoid provocation of excessive immune 
responses which leads to tissue damage in spleen. Continuous expression of PRRs, cytokines 
and chemokines genes were seen in brain and kidney and these appreciable expressions of 
immune response in brain and kidney might be associated with the progression of infection in 
these sites. The varied local host immune profiles among target organs during systemic C. 
albicans infection could be of importance for future work in designing targeted 
immunotherapy through immunomodulatory approaches. 
 
Keywords: Candida albicans, erythropoietin (EPO), pattern recognition receptors (PRRs), 
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Dimorphic conversion of a commensal yeast species of human skin, Malassezia globosa 


Otomi Cho1*, Takashi Sugita1 
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Although species of the yeast Malassezia routinely colonize human skin, the yeasts are 
associated with several skin diseases: pityriasis versicolor (PV), seborrheic dermatitis, and 
atopic dermatitis. PV develops initially as a hyperpigmented round or oval macule. Lesional 
sites are asymptomatic and tend to occur on the trunk and the proximal aspects of the upper 
extremities. Hyphae are abundant in lesions of patients with PV whereas yeast forms are 
observed in patients with seborrheic dermatitis or atopic dermatitis. M. globosa predominates 
in the lesions of PV patients, suggesting that this yeast may play a significant role in PV 
development. In the present study, we investigated conditions under which M. globosa 
formed hyphae in vitro. Of various metal ions tested, potassium or magnesium induced 
hyphal formation whereas calcium did not. pH also affected hyphal formation. Weakly 
alkaline conditions triggered more hyphal production than did acidic conditions. In addition, 
hyphal growth was induced in the presence of thiamine, and a thiamine antagonist, 
oxythiamine, inhibited hyphal growth. In conclusion, metal ions, pH, and a vitamin 
influenced hyphal development in M. globosa. 
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The Scedosporium aurantiacum genome sequencing project 
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Scedosporium aurantiacum is a fungus commonly present in urban environments and acts as 
an important opportunistic pathogen, causing infections in both immunocompromised and 
immunocompetent humans and animals. Virulence studies using the Galleria mellonella 
(greater wax moth) larval model have identified strain-specific differences in virulence. To 
establish a molecular basis for the origins of virulence and the genomic differences between 
strains, we have sequenced and assembled the first genome of S. aurantiacum (strain WM 
09.24). For genome annotation and the development of gene models we performed whole-
genome alignment against the closest annotated genome publicly available, Trichoderma 
virens. However, this species was too genetically diverged, with only 30% homology present 
between the two genomes. Neither direct-gene projection nor BLAST searches against the 
nr/nt database were effective in annotating the S. aurantiacum genome. To overcome this 
genome annotation problem we performed RNA-seq of strain WM 09.24 under different 
growth conditions to maximize the diversity of transcribed genes. The RNA-seq data 
identified genes and intron-exon boundaries within the genome. To allow for the assembly of 
chromosomes PFGE is currently underway. In addition the annotated genome of strain WM 
09.24 is currently used to annotate three additional S. aurantiacum strains with varying levels 
of virulence to enable a whole-genome comparison to identify genetic signatures that are 
associated with virulence. 
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Dimorphism of Malassezia furfur in vitro 
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Malassezia furfur, the causative agent of pityriasis versicolor, is a dimorphic, lipophilic yeast 
which can convert to the hyphal form during infection. Due to understand the pathogenic role 
of M. furfur, it is necessary to be able to induce the mycelial production in vitro. The aim of 
this research was to determine the conditions that induced filament production of M. furfur. 
In total, 77 isolates of M. furfur obtained from the skin of the healthy individuals and patients 
with pityriasis versicolor were tested for mycelium production. The conditions that induced 
filament synthesis in M. furfur were classified into 3 groups: Minimal medium (MM), MM 
with L-DOPA and MM with L-DOPA and kojic acid. Our data found 48.05% (37/77) of M. 
furfur isolates capable of producing hyphae in vitro under these three conditions. In addition, 
the majority of M. furfur isolates (78.38%) can synthesize filament under MM with L-DOPA 
and kojic acid.  
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Phenotypic characterization of the Candida species isolated from reproductive age 
women at the De La Salle University Medical Center, Philippines 
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Candida species are ubiquitous fungi and most significant of all yeast pathogens. This study 
was conducted to evaluate the in-vitro sensitivities of the isolated Candida species to six 
commonly used antifungal agents. Preliminary isolation was done using Brain Heart Infusion 
Broth (BHIB) and subcultured on Saboraud Dextrose Agar (SDA). Gram staining was 
performed to ensure that the collected species were yeasts. Presumptive test of the isolates 
was done using CHROM agar Candida. Identified isolates were tested for Germ tube and 
Chlamydospore formation to confirm the presence of C. albicans. API Candida was used to 
identify the Candida species. Sensitivity test was done using the six common antifungal 
drugs. Frequency, percentile and chi-square tests were performed. Of the 96 clinical samples, 
54 (56.25%) developed green colonies which are characteristic of C. albicans, 33 (34.37%) 
had pink to violet colonies distinctive for C. krusei, six (6.25%) had cream-colored colonies 
for C. parapsilosis and three (3.12%) had dark blue colonies for C. tropicalis. Representative 
isolates developed color reactions to sugars and enzymes in API Candida. C. albicans were 
positive for germ tube and chlamydospores. Antifungal susceptibility testing revealed that 
eighty (88.33%) out of the 96 species isolates were susceptible to amphotericin-B, 38 
(39.58%) to Griseofulvin, 72 (75.00%) to Sporonox, 21 (21.88%) to Nizoral, 15 (15.63%) to 
Diflucan and 78 (81.25%) to Nystatin. The finding support literatures that antifungal 
prescription should be only given once the proper identification of the Candida species has 
been performed. Furthermore, improperly prescribed antifungal agents may lead to drug 
resistant. 
 
Keywords: Candida, antifungal agents, resistance 


 
*Presenter: Llyrha Mae Maghari 
Email: llyrha@yahoo.com 
 
 
 
 


  490







P 3.2.1 
 
Scientific Theme: 3 Plant, Human and Animal Pathogenesis and Disease Control 
Session: 3.2 Environmental and social impacts of fungal invasions and emerging 
pathogens 
 
Account ID IMC0284  
Abstract ID ABS0013 
 
Pseudocercospora sp. nov., The causal agent of fruits and leaves disease of Barringtonia 


racemosa in South Africa 
Jhon Osorio1*, Wilhelm de Beer1, Mike Wingfield1, Jolanda Roux1 
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Barringtonia racemosa (Lecythidaceae) is widely distributed in estuaries and other coastal 
wetland areas of Asia, Australia and eastern Africa, often associated with mangrove 
ecosystems. This tree is considered economically and ecologically important but, little is 
known regarding the biological factors affecting its health. During extensive surveys to 
consider the health mangrove species in South Africa, a disease of young infructescens, fruits 
and leaves was observed on B. racemosa trees. The disease was characterized by leaf, 
infructescens and fruit malformation resulting in rotten fruits and leaf disease. Isolations from 
infected tissue consistently yielded a fungus resembling a species in the Capnodiales. DNA 
sequence data for multiple gene regions (LSU, ITS, TEF, ACT) confirmed its position in the 
Capnodiales, showing it to represent a previously unknown species of Pseudocercospora. In 
this study we provide a taxonomic description for this pathogen and provide it with the name 
Pseudocercospora sp. nov. 
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Wilt of Lawsonia inermis L. caused by Fusarium solani 
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Henna (Lawsonia inermis) is an important medicinal flowering plant. Very few pests and 
diseases attack L. inermis. During cultural season of 2013 in some commercial field of henna 
in south part of Kerman, Iran, the symptoms of root rot and finally wilting of young and 
nearly mature plant were seen. Small part of infected root and stem of target plant were 
cultured on PDA medium. Isolated fungi were purified using single spore method. Based on 
colony morphology and microscopic characters the Fusarium solani was identified. 
Pathogenicity of isolated fungi confirmed by inoculation of one month henna seedlings using 
root deep method (in 20 ml of micro and macro conidia suspension of 5*106 spores per ml). 
Identified fungi confirmed by Prof. Zare, Iranian Research Institute of Plant Protection 
(IRIPP) Tehran, Iran. Colonies grew rapidly, 4.5 cm in 4 days, aerial mycelium white to 
cream, become bluish-brown when sporodochia formed. Macroconidia formed after 4-7 days 
from short multi-branched conidiophores. They were 3 to 5 septate, fusiform, cylindrical, 
often moderately curved, 26-44 x 4-6 µm in size. Microconidia were usually abundant, 
cylindrical to oval, one to two celled and formed from long lateral phialides, 6-16 x 2-4.5 µm. 
Chlamydospores were hyaline, globose, smooth to rough-walled, produced singly or in pairs 
on short lateral hyphal branches or intercalary, 6-10 µm. based on present knowledge it is the 
first report of fusarium wilt of Henna in Iran and the world. 
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Prevalence of fungemia among patients attending regional institute of medical sciences, 


imphal and speciation of the causative fungus 
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The incidence of fungal infection has increased in the era of increasing immunosupression 
due to HIV/AIDS, immunomodulatory therapy for organ transplantation, haematopoietic 
stem cell transplantation, post radiotherapy, malignancies, severe combined 
immunodeficiency disorders, Di George syndrome, Nudesyndrome, T cell receptor 
deficiency,Xlinked CD 40 ligand deficiency,X linked IKK gamma (NEMO) deficiency, CD 
40 deficiency, IL-1 receptor associated kinase 4 deficiency. The other factors which promote 
fungal infection are prolonged stay in the intensive care unit, presence of indwelling 
catheters, treatment with broad spectrum antibiotic for prolonged period, renal failure and 
various surgeries. The spectrum of fungal infection ranges from localised infections to 
systemic fungemia with disseminated disease. There are places which have endemic mycosis 
A prompt and accurate diagnosis is the key to affecting mortality. Thus a comprehensive 
history, including the travel history, physical examination apart from laboratory 
investigations is needed as initial evaluation. Isolation of the organism from patients with 
systemic mycosis with culture and histopathology is the gold standard to confirm systemic 
fungal infections, in this study from November 2012 to March 2013, 70 blood samples were 
collected from patients which included symptomatic HIV positive individuals, malignancy 
cases and patients on chemotherapy and radiotherapy and subjected to culture in BHI 
biphasic media which were incubated and observed for 21 days, there were 10 positive fungal 
isolates, they were Penicillium marneffei (6), Cryptococcus neoformans (1), Aspergillus niger 
(2), Trichosporon beigeli (1). This shows importance of fungal pathogen among the 
susceptible patients as a cause of blood stream infections in susceptible individuals. 
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Penicillium marneffei: A differential diagnosis in patients of acute abdomen with 
unknown immune status belonging to an endemic region. 


Biswajeet Sahoo1* 
 
1Microbiology, Post Graduate in Microbiology at Regional Institute of Medical Sciences, Imphal, Manipur, 
India, India 


 
Penicillium marneffei is an opportunistic fungal pathogen .In the era of HIV pandemicity and 
particularly in the areas where it is endemic it is important for surgeons apart from 
microbiologist and general physicians to know the endemic opportunistic pathogens for the 
proper management of patients which can reduce the mortality and morbidity. Here we 
present a case series of three middle aged patients who presented with acute abdomen 
associated with fever and loss of weight. All the patients denied contact with hiv in the past. 
The sample was subjected to microscopy and culture. Penicillium marneffei was isolated on 
day 5. Hence we stress that Penicillium should be considered as a differential in acute 
abdomen of unknown immune status in endemic areas and more so in immunocompromised 
patients if status is known at the time of clinical presentation. 
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Ophiostoma spp. and their roles in oak decline in the Tellermann forest 


Nelly N. Selochnik1, Nataliya V. Pashenova2, Evgeny Sidorov3, Riikka   Linnakoski4,5*, Michael J. Wingfield5 
 
1Forest Science Institute, Russian Academy of Sciences (RAS), Russian Federation 
2V. N. Sukachev Institute of Forest SB, Russian Academy of Sciences (RAS), Russian Federation 
3Department of Forest Protection and Game Management, St. Petersburg State Forest Technical University, 
Russian Federation 
4Department of Forest Sciences, University of Helsinki, Finland 
5Department of Microbiology and Plant Pathology, Forestry and Agricultural Biotechnology Institute (FABI), 
University of Pretoria, South Africa 


 
Several eastern European countries reported outbreaks of oak decline during the 1980’s. 
Species of Ophiostoma were isolated and suggested to be the causal agents. However, reports 
of these fungi were inconsistent and their role as primary pathogens was rejected. In order to 
monitor the post-outbreak region of oak decline and to consider the role of Ophiostoma spp. 
in the syndrome, research has been conducted in the Tellerman forest (Voronezh region, 
Russia) since 1983. A survey between 2005 and 2012 resulted in the isolation of 
ophiostomatoid fungi from Quercus robur trees displayingexternal signs of desiccation. 
These fungi were identified based on morphological characteristics and DNA sequence 
comparisons. Three species of Ophiostoma were identified including O. grandicarpum, a 
species closely related to O. abietinum, O. fusiforme and O. lunatum representing a poorly 
understood species complex, and most commonly O. quercus. Pathogenicity of these species 
was tested using artificial inoculations on O. robur trees. The fungi were thus shown to be 
only weakly pathogenic and most unlikely to play any role in oak decline. In contrast these 
fungi are most likely only components of a complex of abiotic, biotic and anthropogenic 
factors that have contributed to a decline of Quercus spp. in Russia. 
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Dishwasher as potential sources of infections with human pathogenic black yeasts 
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Household appliances, such as dishwashers, represent poly-extreme ecological niches: 
Temperatures in dishwashers can be as high as 74ºC, fluctuating pH up to 12. Acording to the 
global study by Zalar et al. (2011), 61% of dishwashers are inhabited with fungi, 56% out of 
them contained polyextremotolerant opportunistic human pathogens black yeasts Exophiala 
dermatitidis and / or E. phaeomuriformis. In our continued study, we investigated their 
occurrence in different sites in dishwashers, kitchens, tap water and aerosols. In dishwashers 
particularly rubber gaskets and water accumulated in the dishwasher drain (47%) were 
colonised with E. dermatitidisand / or E. phaeomuriformis, while were in kitchens the same 
species were detected in particular in sinks. Black yeasts isolated from well and tap water 
samples were dominated by opportunistic pathogen Aureobasidium pullulans var. 
melanogenum, however up to 20% of isolated black yeasts were identified as E. dermatitidis. 
Our findings imply that black yeast species from genera Exophiala, Aureobasidium and 
others are transferred via water from water supply systems in kitchens, particularly in sinks 
and into the household appliances. Extreme conditions present in household appliances 
diminish numbers of competing mesophilic microbes, while they enrich human opportunistic 
pathogens, which should be considered as a possible source of fungal pulmonary and skin 
infections in immunocompromised people. 
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Castanopsis decline: unknown emerging forest damage in China 
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An unknown forest decline is emerging on Castanopsis species in China. Branches show 
dieback from the tree top, the amount of the leaves gradually decrease, and finally the tree 
dies. This decline was found in late 2000s in Chongqing and Ningbo, and only on C. fargesii, 
C. carlesii var. spinulosa and C. eyrei which are distributed in south of China. We 
investigated the actual state and contributing factors in October 2012 and July 2013 at Jinyun 
Mountain National Nature Reserve, Chongqing. Regardless of the decline level of the trees, 
tree ring width tended to become narrow since 1970s or 1980s, and tree rings lacked 
latewood in recent decades. The trees seemed to have been suffered from growth reduction 
and deterioration of xylem water conduction for 30–40 years. There were no significant 
differences between healthy and declining individuals in chlorophyll fluorescence and 
transpiration rate of leaves, and in water conduction of branches. Filamentous fungi were 
isolated from branches and roots, and the ratios of discolored or decayed area in the wood 
disk at DBH were correlated to the decline level. However, common fungus was not isolated 
from the decayed parts. Meanwhile, biomass of fine roots decreased in declining individuals. 
Soil density, pH, and concentration of Al, Pb, Mn and Zn around declined trees were 
significantly different from healthy ones. These results suggested that the Castanopsis decline 
might be caused by soil acidification that induced degradation of roots. 
 
Keywords: Castanopsis spp., soil, pathogenic fungi, endophytic fungi, ectomycorrhizal fungi 
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New host plants of the Colletotrichum boninense and C. dematium species complexes in 


Japan 
Toyozo Sato1*, Jouji Moriwaki2 
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2Lowland Farming and Horticulture Research Division, NARO Kyushu Okinawa Agricultural Research Center, 
Japan 


 
The Colletotrichum boninense and C. dematium species complexes were recently revealed to 
include at least 18 and 13 distinctive species, respectively. Strains of the two species complex 
preserved in the NIAS Genebank in Japan were re-identified based on molecular 
phylogenetic analyses with ITS, GAPDH, CHS-1, HIS3, ACT, TUB2 or CAL sequences. 
Thirty five strains of the C. boninense species complex were re-identified as 5 species. New 
hosts of each species were as follows, C. cymbidiicola: silane, cattleya, dendrobium and 
vandas, which were all orchidaceous plants, C. karstii: tea, Cassia fistula, Clivia miniata, 
melon, persimmon, pothos, amaryllis, hydrangea, laurel and rice, C. phyllanthi: mume prune. 
Strains re-identified as C. boninense sensu stricto and Colletotrichum sp. on Dendrobium 
kingianum were reconfirmed their hosts as reported previously. Eighty eight strains of the C. 
dematium species complex divided into 10 species. Colletotrichum circinans on Allium spp. 
C. trichellum on ivy and Colletotrichum sp. on Japanese radish appeared relatively host 
specific, whereas other five species showed wide host ranges, although strains of C. 
dematium sensu strict and C. tofieldiae were found only from Armeria maritime and 
Ornithogalum umbellatum, respectively in Japan until now. New hosts of the five species 
were as follows; C. chlorophyti: sweet potato, common bean and cherry blossom, C. lineola: 
hellebore, dandelion and azuki bean. C. liriopes: Erigeron philadelphicus and Gnaphalium 
affine, C. spaethianum: welsh onion, Crinum latifolium, Dianthus chinensis and German iris, 
C. truncatum: arrowhead vine, chrysanthemum, buckwheat, amaryllis and dragon fruits. 
 
Keywords: Molecular phylogenetic analyses, re-identification, host range, specificity, 
anthracnose 
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A platform for integrated studies of fungi and mycotoxins in a “One Health” 
perspective 


Hege Divon1*, Silvio Uhlig2, Christiane K. Fæste2, Helene Wisløff3 
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3Section of Pathology, Norwegian Veterinary Institute, Norway 


 
FunTox is a strategic institute scheme at the Norwegian Veterinary Institute established to 
provide a centre of excellence for research on fungi (Fun) and toxinology (Tox). The group 
has a multidisciplinary profile encompassing expertise within mycology, chemistry, 
toxicology, pharmacology, pathology and immunology. With this constellation the FunTox 
group aims to challenge scientific questions relating to plant, animal and human health in the 
context of mycoses and mycotoxicoses. The FunTox centre is based on four pillars; 1) fungal 
genetics and epigenetics, 2) fungal metabolomics and proteomics, 3) toxicokinetics and 
biotransformation of mycotoxins, and 4) mycotoxin toxicology and pathology. The synergy 
between pillars will be an asset in addressing important scientific questions of both basic and 
applied character. Technologies typically used include high-resolution mass spectrometry, 
MALDI-Imaging, NMR, Flow Cytometry, Confocal Microscopy, pathology, molecular 
biology, toxicokinetics, and a multitude of cellular assays. In this framework we are aiming 
to explore the full potential of fungi to produce bioactive compounds, and to study the fate 
and toxicity of these compounds after uptake in humans and animals. We will also address 
other global health issues such as mycotic airway infections and abortions and infertility. The 
FunTox group wishes to be an active contributor to solving such challenges, and we welcome 
initiatives for international collaborations world-wide. 
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An aerial-root-liked disease of Cinnamomum subavenium 
Sayanh Somrithipol1*, Umpava Pinruan1, Sujinda Sommai1, Suchada Mongkolsamrit1, Anuttara Nathalang2 
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During our investigation in tropical forests of Thailand, a disease with an aerial-root-liked 
symptom of Cinnamomum subavenium was observed. This disease has major impact on 
seedling death. Diagnosis of the disease revealed a fungus as the causing agent. This is the 
first report of the fungus on this plant and in Thailand. In this presentation, the disease cycle 
will be shown while the fungal pathogen will be presented and its taxonomic position in 
Exobasidiales will be discussed. 
 
Keywords: Cinnamomum subavenium, aerial-root-liked disease 
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Protecting American pine forests: are unknown pathogens hiding in Asia? 
Craig   Bateman1*, Jiri   Hulcr1, Bo   Wang2 


 
1School of Forest Resources and Conservation, University of Florida, United States 
2Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Gardens, China 
  
Exotic beetle-fungus symbioses are causing increasing tree mortality in the United States. For 
example, the redbay ambrosia beetle (Xyleborus glabratus) carries a pathogenic fungus that is 
eradicating American Lauraceae and threatening the Florida avocado industry. The increasing 
number of exotic wood borers becoming established in the U.S. makes it difficult for 
regulatory agencies to make decisions about which species are dangerous. This has led to a 
“wait-and-see” approach, which makes it nearly impossible to eradicate invasives once they 
have become established. To determine if harmful invasions can be effectively predicted and 
prevented, symbiotic fungi of beetles in Asia were evaluated for pathogenicity to American 
trees. Beetles were collected in China and Thailand, where their symbiotic fungi were 
isolated from the beetles. Literature suggests these fungi could be pathogenic to pines (Pinus) 
in the southeast US. The fungal isolates, separated from their beetle vector, were tested for 
pathogenicity on the most economically and ecologically important pines in the southeast (P. 
taeda and P. elliottii) by inoculation in a quarantine facility. Significant differences in lesion 
length and resin production indicate the most virulent beetle-associated fungus tested 
areOphiostoma ips; a known pathogen of pines, and an undescribed Ophiostoma species. This 
project demonstrates the feasibility of assessing the invasion potential of not-yet-established 
insects and fungi and will offer a route for regulatory agencies to effectively protect pines; of 
the most valuable commodities in the southeastern United States 


  
Keywords: Invasive species, emerging pathogens, ecological predictions, ambrosia 
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Expression pattern of four defense related enzymes upon co-inoculation of vesicular 
arbuscular mycorrhiza 


Ami Lokhandwala1*, Dr. Madhumati Bora1 
 
1Biotechnology, Natubhai V Patel College of Pure and Applied Sciences, India 


 
Mycorrhizae play vital role towards environmental stresses by generating mild but effective 
protective mechanisms against pathogen. In present study production and expression of four 
defense related enzymes (Peroxidase, Polyphenol Oxidase, Catalase and Chitinase) was 
elucidated in mycorrhizal associated plants upon inoculation of Fusarium oxysporum sp. 
lysopersici. Mycorrhizae were transferred from roots of Cyperus rotundus (collected from 
local areas of Anand, Gujarat, India) to tomato roots via root to root transfer method. Total 
protein, enzyme production and its expression was compared in mycorrhizal and non-
mycorrhizal tomato seedlings for 9 days (analysis began from 4th day of pathogen 
inoculation) and after a month. Total protein increased in pathogen inoculated plants till 5th 
day and decreased thereafter; while in control plants that increased till 3rd day, decreased till 
9th day and again increased after a month. Maximum protein production was on 5th day in 
plant associated with both Mycorrhizae and pathogen (6.33 mg/ml). Among four enzymes, 
Peroxidase production was maximum (11737.07 U/ml in month in plant associated with 
Mycorrhizae) while Polyphenol Oxidase production was minimum. Expression pattern of 
enzymes was studied via gel electrophoresis. Every enzyme showed different band pattern 
when mycorrhizal plants and non-mycorrhizal plants as well as mycorrhizal plants with and 
without pathogen were compared. Except Chitinase all enzymes expressed on first day of 
analysis. Peroxidase expression pattern showed significant difference in plant associated with 
Mycorrhizae and pathogen; which persisted till 9th day. Present study concludes presence of 
Mycorrhizae enhances defense related enzymes with different expression pattern to that of 
non-mycorrhizal plants. 
 
Keywords: Vesicular arbuscular mycorrhizae, peroxidase, polyphenol oxidase, catalase, 
chitinase 
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Possible herbal therapy for dermatophytosis with plant oil and effect of various 
temperature and storage durability on their antidermatophytic activity 


Sushil Shahi1*, Mamta Patra Shahi2 
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2Microbiology, Meerut Institute of Engineering and Technology, Meerut, India 


 
The essential oil of T. ammi fruits was found to be the most potent antidermatophytic agent, 
inhibiting the mycelial growth of test pathogens viz., Epidermophyton floccosum, 
Microsporum gypseum and Trichophyton rubrum completely. The oil at 0.156 ml ml-1 
concentration inhibited the tested pathogens (dermatophytes) completely and found 
thermostable up to 100oC and did not expired up to 72 month of storage. The gas liquid 
chromatographic (GLC) analysis of the oil indicated it to be a mixture of 1 major (thymol) 
and 4 minor (a-pinene, camphene, g-terpene, p-cymene) components. The oil was found most 
effective in comparison to synthetics and did not showed any adverse effect on mammalian 
skin upto 1% concentration. At the end of medication, 55.0% of patients recovered complete 
cure, 35.0% showed significant improvement from the disease. No KOH negative cases of 
relapse were observed when patients were re-examined after two month following the end of 
treatment. Thus, the essential can be recommended for safe, thermostable and long duration 
effects without any adverse effect and could be used as potential natural remedy for 
dermatophytoses after undergoing successful multicentre clinical trial. 
 
Keywords: Antifungal, dermatophytoses, essential oil, storage durability, thermostable 
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Clove oil: A potential source of future natural antifungal against vaginal candidiasis. 
Sushil Shahi1* 


 
1Botany, Department of Botany, Guru Ghasidas University, India 


 
The antimicrobial properties of volatile aromatic oils from medicinal as well as other edible 
plants have been recognized since antiquity. clove oil, which is used as spice for domestic 
culinary purposes and also as flavoring agent, possesses a broad spectrum of in vitro 
antimicrobial activities attributed to the high content of phenolic derivatives, eugenol. In the 
present study, antifungal properties of clove oil were examined in vitro. Using Candida 
albicans in broth cultures and a micro dilution method, comparative efficacy of clove oil, 
Ketaconzole and cyclopirox alamine were examined in vitro. Clove oil at 0.5 ml/ml was 
found to completely inhibit the growth of C. albicans in culture. In addition, both the 
germination and the mycelial growth of C. albicans were found to be inhibited by clove oil in 
a dose-dependent manner. The oil inhibited potency against heavy doses of inoculum at 0.5 
ml/ml concentrations. The oil was found thermostable up to 80ºC and up to 48 months of 
storage its antifungal activity did not effected. The oil also have broad fungitoxic spectrum as 
it also killed some other fungi, Aspergillus flavus, A. fumigatus, A. niger, A. ustus, E. 
floccosum, Microporum audouinii, M. canis, M. gypseum, M. nanum, Rhizopus nigricans, 
Trichophyton tonsurans, T. mentagrophytes, T. rubrum and T. violaceum at the range of 0.5-
1.0 ml/ml concentrations. Our tests proved that the oil did not cause any adverse effect on 
human nail as well as on skin up to 5% concentration. Thus the oil can provide us an 
effective herbal antifungal after under going successful clinical trials. 
 
Keywords: Antifungal, eugenol, antimicrobial, volatile aromatic oils 
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Detection of dsRNAs in three species of the genus Fusarium 
Hideki Osaki1*, Atsuko Sasaki2, Koji Nomiyama1, Hiroyuki Sekiguchi1, Keisuke Tomioka1, Toshiaki Takehara1 
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Reduced fungal virulence (hypovirulence) and biological activities due to mycoviral dsRNA 
infections has been reported for several phytopathogenic fungi. The genus Fusarium contains 
important plant pathogens. We attempted to reveal presence of dsRNAs in the genus, and to 
screen hypovirulence-associated dsRNAs in order to control Fusarium-associated plant 
diseases. Thirty-seven Fusarium species at the MAFF collection were analyzed. Using 
adsorption on silica beads and digestion with DNase I and S1 nuclease, dsRNAs were 
extracted from mycelia cultured on cellulose membrane overlaid on potato dextrose agar 
plates. In the isolates of F. coeruleum, F. globosum and F. solani f. sp. pisi, single dsRNA 
bands were detected. The three dsRNA bands ranged from 2 to 3 kb as compared with DNA 
markers on 5% polyacrylamide gel, and were unique in electrophoretic mobility. The dsRNA 
bands with same mobilities were also observed in remaining isolates of F. coeruleum and F. 
globosumat the MAFF collection, whereas another isolate of F. solani f. sp. pisi at the 
collection was dsRNA-free. This represents the first report of detecting dsRNAs in F. 
coeruleum, F. globosum and F. solani f. sp. pisi. The isolates of F. coeruleum and F. solani f. 
sp. pisi cause potato dry rot and mulberry twig blight, respectively. The isolate of F. 
globosum from wheat produces fumonisin mycotoxins. We will investigate the association of 
the present dsRNAs with fungal hypovirulence and morphology, etc. 
 
Keywords: Mycovirus, dsRNA, Fusarium coeruleum, Fusarium globosum, Fusarium solani      
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Susceptibility of potato cultivars against black scurf diseases at the field scale and the 


effect of Rhizoctonia solani on potato root growth and morphology 
Franziska Genzel1*, Kerstin Lindner2, Rita Grosch3 
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The soil-borne pathogen Rhizoctonia solani Kühn is responsible for black scurf diseases on 
potato (Solanum tuberosum L.). Due to stem and stolon canker, the marketable tuber yield is 
reduced decisively. Currently, the main disease management implies seed tuber treatments 
with fungicide and furrow spray. However, restrictions for the use of fungicides are enhanced 
by legislation. Thus, effective disease management strategies are necessary to avoid quality 
and yield loss caused by R. solani. Presumably, potato cultivars differ quantitatively in their 
susceptibility to R. solani. Our aim is to analyze the susceptibility of various potato cultivars 
to black scurf diseases in field and greenhouse trials. Subsequently, we will select cultivars 
with differing levels of susceptibility to R. solani. In field experiments tuber weight, count, 
size, severity of black scurf, tuber deformation and stem canker were assessed for several 
potato cultivars inoculated and non-inoculated with R. solani (AG-3). Greenhouse trials were 
conducted in order to study the effect of R. solani on the root and to establish a quantitative 
real-time PCR to examine the quantitative pathogen development within plant tissue. The 
results reveal differences in susceptibility to R. solani, but no pathogen impact on the root. 
Comparative analyses with high and low susceptible potato cultivars are planned to detect 
plant traits and mechanisms crucial for limiting the impact of R. solani on potato. 
 
Keywords: Rhizoctonia solani, potato, cultivar susceptibility, qPCR 
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Investigating mitogen-activated protein kinase-mediated control of cellular 
morphogenesis in the rice blast fungus 


Wasin Sakulkoo1*, Miriam Oses-Ruiz1, Michael Kershaw1, Nicholas Talbot1 
 
1Biosciences, University of Exeter, United Kingdom 


 
Mitogen-activated protein kinases (MAPKs) are evolutionarily conserved proteins 


that function as key signal transduction components, allowing eukaryotic cells to sense and 
respond rapidly to changes in the surrounding environment. In the rice blast fungus 
Magnaporthe oryzae, the Pmk1 MAPK cascade, which contains conserved components 
found in the budding yeast pheromone response pathway, is essential for the development of 
infection structures called appressoria and for invasive growth and disease. Deletion mutants 
of PMK1 are unable to form appressoria, and are non-pathogenic even when inoculated 
directly into wounded rice leaves. It is not yet known why Δpmk1 mutants cannot grow 
invasively in plants, or whether there are stage-specific targets of the MAP kinase cascade 
that differ between infection cells and invasive hyphae. We have generated an analogue-
sensitive PMK1 strain in which we mutated the gatekeeper residue of the MAP kinase to 
render it hypersusceptible to the kinase inhibitor 1NM-PP1. In this way we can individually 
inactivate that Pmk1 MAPK in a stage-specific manner. Here we report that inactivation of 
the Pmk1 kinase, after appressorium morphogenesis, blocks appressorium-mediated plant 
penetration. Furthermore, when Pmk1 is inactivated after plant infection, this leads to a block 
in cell-to-cell movement of invasive hyphae. When considered together, these data 
demonstrate that the Pmk1 MAP kinase pathway is a key regulator of pathogenic 
development of M. oryzae throughout its life cycle, affecting different stages of its infection-
associated development. 
 
Keywords: MAPK signal transduction, pathogenicity, appressorium, penetration, invasive 
growth 
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Functional analysis of putative Dothistroma septosporum effector genes 
Yanan Guo1*, Carl H. Mesarich2, Pierre J.G.M de Wit2, Rosie E. Bradshaw1 
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The hemibiotrophic fungus Dothistroma septosporum, which causes needle blight of pine, 
and the biotrophic fungus Cladosporium fulvum, which causes leaf mold of tomato, are 
closely related phylogenetically. A number of pathogen effectors and their corresponding 
host resistance genes have been identified in C. fulvum and tomato, respectively, and their 
interactions characterized. Seven homologs of these effector genes were identified in the 
genome of a New Zealand strain of D. septosporum, but their expression in planta was low 
compared to those of C. fulvum. Some of the D. septosporum effector genes (DsEcp4, 
DsEcp5) are pseudogenized, but others (DsAvr4, DsEcp2-1) encode effectors that are 
recognized by cognate tomato resistance proteins (de Wit et al., 2012). Here we report 
domain swap experiments between CfAvr4 DsAvr4 (both recognized by the tomato Cf4 
protein), and CbAvr4, a homolog from Cercospora beticola, (not recognized by Cf4). We 
show that, in CfAvr4 and DsAvr4, a common region between cysteine residues C6 and C8 
which also harbours the chitin binding domain, is involved in Cf4 recognition. To 
functionally characterise the D. septosporum effector homologs, targeted gene replacement 
and complementation were carried out. In vitro the mutants showed no difference in growth 
rate and sporulation compared to the wild type strain. Pathogenicity assays and microscopic 
analyses are in progress to characterise the function of these effectors in planta. Eventually, it 
is anticipated that these and additional effector-like proteins could be used to identify D. 
septosporum resistance traits in pines. 
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Effect of Rigidoporus lignosus on para-rubber clone RRIM600 in Pathiu district, 
Chumphon of Thailand 


Pornprapa Kongtragoul1*, Apichart Krutsuwan2 
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Field surveys were carried out in the 20 plots of para-rubber tree plantation in Pathiu district, 
Chumphon province, Thailand to determine the effect of Rigidoporus lignosus on over 20-
years-old para-rubber tree of clone RRIM600. The results showed that R. lignosus affected 16 
plots (80%) as a cause of tree decline and mortality. Signs and symptoms of infected para-
rubber tree showed that the external disease symptoms; the crown of a diseased tree with 
sparse foliage, chlorotic and fallen leaves. There were the white rhizomorph strands on the 
collars of root as a cause of root rot and some dead tree were occurred the basidiocarps of R. 
lignosus on lower stem. Moreover, the internal disease symptoms were shown as 
discoloration of wood with dark-brown tissue. The disease incidence evaluation was grouped 
into four levels; 0 = no infection (0% infection), 1 = light infection (0.1-2% infection), 2 = 
moderate infection (2.1-4% infection) and 3 = severe infection (over 4% infection). The 
levels of disease infection showed 20% of no infection, 40% of light infection, 30% of 
moderate infection and 10% of severe infection. 
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Antifungal protein from Bacillus subtilis N3 against phytopathogen Bipolaris sp. 
Panan Rerngsamran1*, Sudarut Nuchawong1 


 
1Department of Microbiology, Chulalongkorn University, Thailand 


 
B. subtilis N3, a soil borne bacterium, showed antifungal activity against Bipolaris 


sp. which is a causal agent of Southern corn leaf blight. The objective of this research was to 
isolate and purify the antifungal protein from the culture filtrate of B. subtilis N3 which 
showed about 65% inhibition on mycelial growth and accounted for 79.08 AU/mg of specific 
activity. The antifungal protein was able to isolate by 40-80% ammonium sulfate saturation, 
which showed about 80% inhibition and 118.18 AU/mg of specific activity. This protein was 
purified further by anion exchange chromatography on DEAE Bio-gel A. The purified 
antifungal fraction from fraction numbers 45-50 (sample 38) exhibited the highest level of 
antifungal activity of about 62% and 159.61 AU/mg of specific activity. SDS-PAGE revealed 
only a single band with a molecular weight of about 34.61 kDa. LC/MS/MS Quadrupole ToF 
gave peptide fingerprint that had significant similarity to flagellin from B. amyloliquefaciens 
subsp. plantarum with sequence coverage of 52%. Moreover, morphological study under 
microscope showed that the mycelial growth and conidia germination were significantly 
inhibited by the purified antifungal protein. Furthermore, the protein was able to both prevent 
and protect the disease development caused by Bipolaris sp. on corn leaves. The results from 
this current investigation provide the evidence that this flagellin-like protein from B. subtilis 
N3 is applicable in management of Southern corn leaf blight disease caused by Bipolaris sp. 
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*Presenter: Panan Rerngsamran 
Email: panan.r@chula.ac.th 
 


  510







P 3.3.10 
 
Scientific Theme: 3. Plant, Human and Animal Pathogenesis and Disease Control 
Session: 3.3 Fungal plant pathogens and their antagonistic counterparts: novel paths for 
biocontrol? 
 
Account ID IMC1255  
Abstract ID ABS0784 
 


Protecting the Australian potato industry from Verticillium wilt disease 
Veradina Dharjono1, Prakash V. R. Nair1, Nigel S. Crump2, Tonya Wiechel3, Paul W. J. Taylor1* 
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The genus Verticillium is the world’s major soil borne pathogen which is responsible for 
Verticillium wilt diseases in many plants genera. Ten Verticillium species have been 
identified using ribosomal internal transcribed spacer (ITS) gene sequences. In Australia, V. 
dahliae is the major cause of wilt in potato (Solanum tuberosum L.). However, V. albo-atrum 
and V. tricorpus have also been recently identified from infected potato tubers and shown to 
be less virulent pathogens. Resistance in commercial Australian potato cultivars is unknown. 
The threshold level of inoculum required to establish infection, symptom development and 
differentiate host reactions needs to be determined before a glasshouse screening trial can be 
undertaken. Different inoculum concentrations were assessed using root dip inoculation 
method of seedlings established from tissue culture for susceptible potato cv. Russet 
Burbank. The seedlings roots were dipped in water as a control and in six different inoculum 
concentrations 106, 105, 104, 5x103, 103, and 102 spores/mL for five minutes, followed by 
transferring plants to potting mix. Severity of foliar symptoms was determined using a 0–5 
visual qualitative scale. An inoculum threshold level of 104 spores/mL was required to 
establish infection and wilt symptoms in potato plants, although V. dahliae was isolated from 
petiole tissue from plants inoculated with as low as 103 spores/mL. In glasshouse potato 
cultivar screening trials using 5 x 104 spores/mL, cultivars Denali showed moderate to high 
resistance and Catani and Desiree moderate resistance to infection by V. dahliae. 
 
Keywords: Verticillium wilt, potato, Verticillium dahliae, resistant cultivar, Verticillium 
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Phellinus noxius is an invasive and destructive pathogen that causes brown root rot disease in 
more than 200 tree and plant species in tropical and subtropical regions. Infected trees, 
especially in urban areas, exhibit rapid crown dieback and plant death after impairment of 
water conducting system. In Hong Kong, the overwhelming mortality of old and valuable 
trees, especially Ficus microcarpa, has attracted much concern over different tree 
management units and the general public. Although attempts have been made using biocides 
for disease control, the effectiveness in long term prevention is questionable. As the demand 
for alternative methods has become stronger, identification of a biological control agent 
would be desirable. The objective of this study was to identify competitive highly 
antagonistic fungal strains that can be used for biological control of P. noxius. 
Mycoparasitism of 20 Trichoderma strains against eight P. noxius strains was assessed in 
dual culture and wood block tests. After the tests, two highly antagonistic Trichoderma 
strains were selected for field trial studies and applied to an infected tree. Antagonistic strains 
were cultivated and up-scaled in a carrier substrate, and applied into the compost under the 
tree. The health condition of the tree was monitored using biological and chemical parameters 
and its general appearance. The current condition of the tree is illustrated and discussed. 
 
Keywords: Biological control, Trichoderma, Phellinus noxius, plant pathogen 


 
*Presenter: Alvin Tang 
Email: alvin.tang@muniarborist.com 
 


  512







P 3.3.12 
 
Scientific Theme: 3 Plant, Human and Animal Pathogenesis and Disease Control 
Session: 3.3 Fungal plant pathogens and their antagonistic counterparts: novel paths for 
biocontrol? 
 
Account ID IMC1165  
Abstract ID ABS1057 
 


Selection of beneficial microorganisms for biological control of ginseng damping-off 
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Fungal diseases of ginseng (Panax ginseng C. A. Meyer) are very difficult to control using 
agrochemicals or other cultural methods because the pathogens are resistant to the applied 
chemicals and soil environment. People's anxiety of environmental pollution and medicine 
plant safety due to agrochemicals has led to demanding alternatives to chemical control of 
plant diseases. Subsequently biological control using antagonistic organisms has been applied 
as one of alternative methods for environment-friendly control and integrated management of 
plant diseases. This study was conducted to develop biocontrol method against damping-off 
of ginseng. A total of 34 bacterial strains isolated from rhizosphere or surface of ginseng 
were studied in vitro for their antifungal activity against phytopathogenic fungi. Biocontrol 
agents were evaluated cells and cell-free supernatant (CFS) in different media against R. 
solani in ginseng. The biocontrol agents cells and cell-free supernatant (CFS) almost 
completely inhibited the mycelial growth of R. solani. Six different culture media were tested 
to determine the culture conditions for maximum production of secondary metabolites against 
R. solani. The CFS of GBA13, GBA26 and GBA36 were assayed for their antifungal activity 
on R. solani by in vitro assay. Among the culture media tested, LB, PDB and TSB were 
evaluated the best secondary metabolites-production medium against R. solani. These results 
indicated that bacterial antagonists could be a promising biocontrol agent to control damping-
off on ginseng. 
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Health survey and wood-decay fungi investigation of old and valuable trees in Fuzhou 
city, Fujian province, P.R. China 
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The health survey of first-class and second-class protected Old and Valuable Trees in Fuzhou 
were carried out in this study, meanwhile, wood-decay fungi on these trees were also 
investigated. Up to now, 560 trees have been surveyed. According to the assessment of 
decay-associated symptoms, 206 trees belong to class 1a, 293 trees belong to class 1b, 56 
trees belong to class 2 , and 5 trees belong to class 3. Generally speaking, most of the 
surveyed trees were found with damages but under satisfactory conditions. On the other hand, 
74 fungal samples, were obtained, that is to say around 13% of the surveyed old and valuable 
trees were found with wood-decay fungi. Among the obtained 74 fungal samples, 43 samples 
have been identified to species level. Most of these identified wood-decay fungi belong to 
Ganodermataceae, Hymenochaetaceae and Polyporaceae, including common wood-decay 
fungal genera Fomitiporia, Ganoderma, Inonotus, Rigidoporus and Trametes. Some of these 
wood-decay fungal species (e.g. Inonotus rickii, Irpex lacteus) have been reported as 
pathogens and can cause severe damages to trees. However, the effect of these wood-decay 
fungi to the Old and Valuable Trees of Fuzhou city is not clear yet and needs further studies. 
Furthermore, based on previous studies of Trametes, phylogenetic analyses were also carried 
out for some Trametes species of Fujian province to explore their phylogenetic 
relationships.At last, an identification key based on the the morphological characteristics (e.g. 
fruiting bodies) for the total 21 known Fujian Trametes species was made to facilitate the 
identification of Fujian Trametes species in the future. 
 
Keywords: Old and Valuable Trees, wood-decay fungi, Trametes, phylogenetic analyses 
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Large-spored Alternaria pathogens in section Porri disentangled 
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The omnipresent fungal genus Alternaria was recently divided into 24 sections based on 
molecular and morphological data. Alternaria sect. Porri is the largest section, containing 
almost all Alternaria species with medium to large conidia and long beaks. Important plant 
pathogens, like Alternaria porri, A. solani and A. tomatophila causing respectively purple 
blotch of onion, early blight of potato and early blight of tomato, reside in this section. We 
performed a multi-gene phylogeny on parts of the ITS, GAPDH, RPB2, TEF1 and Alt a 1 
gene regions, which supplemented with morphological and cultural studies forms the basis 
for species recognition in sect. Porri. Our data reveals 62 species in sect. Porri of which 10 
are newly described. The three known Alternaria pathogens causing early blight on tomato 
all cluster in one clade, and will be synonymized under the older name, A. linariae. The two 
pathogens known on potato also cluster in a single clade, to which the name A. solani applies. 
Two clades with isolates causing purple blotch of onion are confirmed as A. allii and A. porri, 
but the suggested morphological distinction based on the number of beaks and branches does 
not separate these taxa. This is also found among the pathogens of Passifloraceae, which are 
reduced from four to three species. Next to the known pathogen of sweet potato, A. 
bataticola, three additional species are delineated of which two are newly described. A new 
Alternaria section is described, comprising two large-spored Alternaria species with 
concatenated conidia. 
 
Keywords: Early blight of potato, early blight of tomato, phylogeny, purple blotch of onion,  
taxonomy 
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Confirmation of Fusarium lactis Pirotta&Riboni as a pathogen causing fruit rot of sweet 


pepper in Japan 
Hiroyuki Sekiguchi1*, Koji Nomiyama1, Keisuke Tomioka1, Hideki Osaki1, Toshiaki Takehara1 
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Severe rotting was found on postharvest, ripe fruits of sweet pepper (Capsicum annuum var. 
grossum) in Kagawa Prefecture in the southwest region of Japan, in October 2002. Water-
soaked lesions initially appeared on surfaces of fruits. The lesions gradually enlarged, and the 
affected organs softened, resulting in severe rotting of the whole fruits. Fungal isolates, 
repeatedly isolated from the lesions, were identified as Fusarium lactis Pirotta&Riboni based 
on sequence of the rDNA ITS region as well as morphological characters. Healthy, ripe fruits 
of sweet pepper were inoculated with one of the isolates, FL2, in order to evaluate the 
pathogenicity of F. lactis to the plant. Conidia of isolate FL2 were collected from 10-day-old. 
PDA cultures grown at 25ºC in the dark, and suspended in sterilized distilled water at 5 × 105 
/ml. When the conidial suspension was dropped onto pinpricked points on healthy fruits, the 
natural symptoms were reproduced. The isolate was reisolated from the diseased fruits, but 
not from healthy controls treated with sterilized distilled water, demonstrating the 
pathogenicity of isolate to sweet pepper. This study confirmed the sweet pepper fruit rot by 
F. lactis for the first time in Japan. We will investigate its ecology in the future. In addition, 
isolate FL2 was deposited in Genebank, National Institute of Agrobiological Sciences, Japan, 
as accession MAFF150017, and its DNA sequence data was registered in the 
DDBJ/EMBL/GenBank databases as accession AB918150. 
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Links between genetics, indole alkaloid chemistry and ecology within the grass-parasitic 
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Claviceps purpurea produces sclerotia with toxic indole alkaloids that replace the grass host 
grains. Three genetic groups (G1-G3) with divergent habitat preferences and alkaloid 
chemistry are known from studies mainly covering America and Western Europe. We aimed 
to analyse the genetic variation in C. purpurea in Norway, characterize the indole alkaloid 
profiles within each genetic group, and explore the relationships between genetics, alkaloid 
chemistry and ecology. Sclerotia (~600) from 14 grass species were subjected to a floating 
test with subsequent DNA sequencing (ITS rDNA&beta tubulin) and indole alkaloid 
profiling (HPLC-MS). Phylogenetic analyses and haplotype networks supported the three 
known (G1-G3) and one new (G4) genetic groups of C. purpurea. This gained additional 
support from chemical and ecological data. The G4 group, predominantly found in very wet 
habitats on Molinia caerulea and infrequently in saline habitats on Leymus arenarius, 
produced consistently floating sclerotia. Its indolediterpenoid profile resembled G2, but 
differed in high amounts of ergopeptamergosedmam, the lactam congener of ergosedmine. 
Indolediterpenoids were consistently present in G2 and G4, while merely absent in G1. The 
G3 group was absent in our study, but G1 and G2 occurred on numerous grass species in 
different habitats (wet, dry and saline). Co-occurrence of up to three genetic groups on the 
same host within one plot was observed. Our study supports that the alkaloid chemistry in C. 
purpurea is a function of the genetic groups. Further, the co-occurrence suggests completed 
speciation in several genetic groups (ecotypes) within the C. purpurea complex. 
 
Keywords: Alkaloids, ergot, clavicipitaceae, hypocreales, speciation 
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Locations and behavior of a smut fungus, Urocystis tranzscheliana in systemic 
infection of Primula sieboldii 
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Primula sieboldii, Primulaceae, was a very common plant growing in woodlands and 
producing beautiful flowers similar to cherry blossoms in spring. However, its natural 
populations have been decreased recently because of collections and destructions of its 
natural habitats, and this plant is listed as endangered species in Japan. Therefore, its 
conservation is important program. A smut fungus, Urocystis tranzscheliana has been 
reported to cause systemic infection of this plant and destroys its seed production because this 
fungus produces sori in its ovaries. However, locations and behavior of the fungus in the 
plant have not been clarified. Specific primers for PCR detections of this fungus were 
designed based on its sequence data of rDNA ITS regions and its locations in different tissues 
of the plant were examined. The fungus was detected from rhizomes, scapes and petals in 
infected plants, but not detected from roots, rhachises and leaves. The fungus was also 
detected in rhizomes of ramets originated from infected plants. No DNA amplification was 
observed from any tissues of non-infected plants. These results suggest that the fungus 
survives in rhizomes in infected plants and moves to flower organs through new flower buds 
and scapes along with plant growth. Finally, the fungus propagates in flower organs and 
produce spores in ovaries. The fungus also transmits to new ramets through asexual buds. 
However, this fungus may not affect nutritional absorption and photosynthesis because it 
does not invade into roots and leaves. This fungus-plant relationship is very interesting 
phenomenon to understand interactions between them. 
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A re-examination of Choanephora based on molecular analyses and host preference 
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The genus Choanephora (Choanephoraceae, Mucorales) is well known as a weak parasite. 
This genus includes two species: C. infundibulifera and C. cucurbitarum. There have been 
many reports of Choanephora disease on various hosts worldwide, but the exact host range is 
unclear. There had been seven species described in Choanephora, which were lumped into C. 
infundibulifera and C. cucurbitarum by Kirk in 1984, mainly based on the shape of 
sporangiolum. Other morphological characteristics such as collumella and sporangiospores 
were not regarded as taxonomic value for classification due to instability and variability. We 
obtained 92 Choanephora strains from various families of plants belonging to Malvaceae, 
Cucurbitaceae, Ebenaceae, Solanaceae, Fabaceae, Asparaceae, Nyctagincaea, 
Convolvulaceae, and Asteraceae nationwide in Korea to conduct taxonomic reexamination 
and find the relationship between hosts and pathogens. Molecular analyses of two genes, ITS 
of rDNA, D1/D2 region of the LSU as well as morphological observation were performed. 
Phylogenetic analyses revealed that they were divided into only two clades, which were 
consistent with Kirk’s idea based on morphological observation. Seven of 92 strains were 
determined to be C. infundibulifera and the rest as C. cucurbitarum, irrespective of host-
parasite relationships. This suggests that there are no host-specific adaptation and speciation 
in Choanephora. In addition, these fungi seem to be polyxenic as these two species share 
their hosts. 
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EST-SSR based diversity analysis of Phytophthora infestans in different isolates 
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Effective molecular markers are required to characterize the genetic diversity of plant 
pathogens. In this study, we used the software SSRIT searched 12, 581 Phytophthora 
infestans ESTs in EST databases. Among these ESTs, there were 388 sequences of 
containing-SSR, in which 123 trinucleotide repeats are the most abundant type accounting for 
31.7% of the total identified. Eleven pairs of primers were designed and synthesized, and 
genomic DNA of Phytophthora infestans was extracted, with 63 isolates of Phytophthora 
infestans used for polymerase chain reaction amplification, nine pairs of primers (81.8%) 
amplified polymorphic SSR bands. The 63 isolates of Phytophthora infestans were divided 
into 20 genotypes by cluster analysis. The results suggest that using EST-derived SSRs the 
Phytophthora infestans in Gansu are of rich genetic diversity. 
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The phytogeography of five needle blister rust of North American and East Asia 
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Cronartium ribicola, generally called White Pine Blister Rust (WPBR), causes significant 
economic damage to white pine plantations. C. ribicola is an obligate pathogen with a 
heteroecism life cycle on two specific hosts: a five needle pine, and specifically either the 
Ribes of North America (NA) or another flowering plant in East Asia (EA). The author 
develops a conceptual phytogeography of WPBR pattern for the NA and EA classified into 
six regions (Chen.2003 Forest Fungi Phytogeography P.11-19.) 1. Appalachians WPBR, 
Pinus strobus/Ribes nigrum; 2. Rocky Subapnine WPBR, Pinus albicaulis/Ribes spp; 3. 
Pacific Mediterranean WPBR, Pinus lambertiana/Ribes roezlii; 4. Sino-Japan WPBR Pinus 
koraiensis/ Pedicularis resupinata; 5. Qin-Ling Alpine WPBR, Pinus armandii/Ribes 
glaciale; 6. Sino Himalayan plateau WPBR, Pinus griffithii/Ribes himalense. The results of 
both inoculation experiments and documentation of the world wide view of Cronartium 
ribicola for CABI, conclude: a, WPBR with hosts genetic base are caused by co-evolution; b, 
Each white pine rust fungus has its specific host and alternate host; c, Difficult to determine 
heteroecious host specific pathogen rust is an object of international quarantine; d, When 
exported pines are planted in another rust flora without native alternate hosts, white pine rust 
does not establish; e, The archival epidemic story of WPBR in Pacific Mediterranean may be 
caused by non-professional WPBR epidemic history due to lack of scientific data. 
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Powdery mildew and rust of Salix and Populus in Inland Alaska 
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Powdery mildew (Uncinula salicis) is a new record fungus pathogen in Inland Alaska and is 
widely distributed throughout the Tanana River Flood plain areas. They infect S. lasiandra, S. 
bebbiana, S. myrtillifolia, and S. novae-angliae, four willow species. Willow, as well as 
Balsam Poplar (Populus balsamifera) in the Tanana River Flood plain areas can also be 
infected. Powdery mildew happens often in the Alaskan cool, humid summer climate 
conditions where the average temperature and conditions for tree growth and reproduction of 
the powdery mildew pathogen (Uncinula salicis) are between 10°C to 22°C and relative 
humidity 80%. Melampsora rust occurs in S. alaxensis, S. novae-angliae, and S. glauca, three 
species of willows. Among them, the heaviest rust is on the leaves of S. alaxensis. 
Melampsora rust fungi usually have regular sexual reproduction, but asexual species was 
common on Salix spp. at Inland Alaska. We found the Melmpsora in the uredinial spores 
(asexual) state, which cannot be systematic at species level. We do not know the Melmpsora 
life cycle, which means it is difficult to select the Melampsora salix fast growth species for 
designing willow plantations. Therefore, forest pathologists should pay more attention to 
research on the properties of Melmpsora, such as which is the sexual plant species. 
Knowledge of phylogeny and systematic foundation sciences of Salix and Populus rust, 
especially, need to be a future research program. 
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Speciation and evolution of infection types in Exobasidium species (Basidiomycota) on 
European host plants 
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Host specificity characterises many plant pathogens. In the genus Exobasidium, in which taxa 
occurring on hosts in Europe have previously been studied in detail with traditional methods, 
a high degree of host specificity is generally assumed. However, there is only a limited 
amount of molecular data available in GenBank, and for European material hardly any ITS 
rDNA data exist. Here, we utilize this fungal DNA barcode marker for a large sample set of 
European material to investigate species delimitation in detail using the general mixed Yule-
coalescent model. We evaluate the results further by comparison with additional genetic 
markers (nuLSUrDNA, rpb1, MCM7, tef1-alpha) using genealogical concordance 
phylogenetic species recognition. Traditional views are confirmed. Exobasidium species 
infect individual host species (or in a few cases closest relatives), and several Exobasidium 
species may occur on one and the same host. Fungal pathogens on the same host are 
differentiated by the type of infection that they cause; galls or leaf spots developing on 
growing leaves, infections of entire annual shoots, and systemic infections where the fungus 
is able to grow from the point of infection into older, healthy parts of the plants. The 
evolution of infection types is studied using ancestral state reconstruction. 
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What is Urocystis? A phylogenetic and morphologically approach. 
Sascha Lotze-Engelhard1*, Martin Kemler2, Dominik Begerow1 


 
1Geobotany, Ruhr-Universität Bochum, Germany 
2Centre in Excellence in Tree Health Biotechnology Forestry and Agricultural Biotechnology Institute, 
University of Pretoria, South Africa 
 
The genus Urocystis Rabenhorst, which belongs to the Ustilaginomycotina, comprises about 
160 species and appears to be morphologically well defined. However, molecular 
phylogenetic studies have shown that their monophyly should be questioned. Our study 
includes 28 species of Urocystis. We used the genetic markers ITS, LSU and TEF1 to 
perform a multi-gene analysis to elucidate the phylogeny of the genus Urocystis and its 
relatives. Additionally we evaluated the morphology and sedimentation behaviour of the 
spore balls to test for functional links between morphology, host specificity and evolution. 
The results were concise, showing several, well-resolved, monophyletic lineages representing 
Urocystis species on closely related host species. This can also be supported by the 
morphology and sedimentation data, which were analysed against the phylogenetic data. 
Although our data could resolve the phylogeny of Urocystis only in parts, some genera 
lacking spore balls of the Urocystis-type were mixed within the genus. Especially our data 
revealed the paraphyly of Urocystis because genera. like Melanoxa, Mundkurella, Ustacystis 
and Vankya cluster within Urocystis. 
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Mechanisms of capsaicin tolerance in fungal seed pathogens of wild chili peppers 
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Chili peppers (genus Capsicum) produce the pungent spice capsaicin to protect against seed 
pathogens: capsaicin binds to the Complex I NADH dehydrogenase of the Electron Transport 
Chain (ETC), crippling Oxidative Phosphorylation (OXPHOS) and subsequent ATP 
production. Capsaicin tolerance is well studied in model fungi, but not in native fungal seed 
pathogens of Capsicum fruits. We selected 16 capsaicin tolerant isolates from infected seeds 
of two wild Bolivian populations of C. chacoense; isolates encompass four genera. We tested 
if 1) capsaicin tolerance among wild fungi is a result of increased OXPHOS capacity, or 2) if 
tolerance results from some other mechanism. We grew isolates with drugs that target various 
complexes in the ETC, and to distinguish between OXPHOS and fermentation capacity, we 
grew fungi on a fermentable (glucose) or a non-fermentable (glycerol) carbon source. We 
found capsaicin resistance correlates with resistance to all other ETC inhibitors except 
rotenone, indicating resistance is likely due to the presence of alternative NADH 
dehydrogenases. We also witnessed a negative correlation between capsaicin tolerance while 
using OXPHOS and overall metabolic capacity. Furthermore, preliminary data suggest fungi 
from a very pungent plant population have higher fermentation capacity compared to fungi 
from the less pungent population, which have higher OXPHOS capacity. Our results suggest 
at persistently high concentrations, secondary metabolites like capsaicin induce chronic 
oxidative stress, selecting for plant pathogens to favor fermentation despite less efficient 
energy production. The pattern may explain why yeasts, which grow on plant parts rich in 
flavonoids and other ETC inhibitors, favor fermentation. 
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Differentiation of spore population of brown rust - Puccinia recondita f. sp. recondita 
using conventional techniques 


Wojciech Wakulinski1*, Karolina Felczak1, Malgorzata Schollenberger1 
 
1Department of Plant Pathology, Warsaw University of Life Sciences (SGGW), Poland 


 
The objective of study were: (1) analysis differentiation of spores population using light and 
scanning microscopy. (2) evaluation of morphological diversity of uredinia and 
urediniospores collected from different rye genotypes in two locations in Poland. The test 
sample represented 5 rye leaves and from each leaf 5 uredinia were collected and from each 
uredinium 10 single urediniospores were evaluated. The analysis involved: - determine the 
shape, size and color urediniospores in each test sample (light microscope). - determine the 
morphological features of urediniospores: shape and the presence of warts and holes 
(scanning electron microscope). In examining plants with symptoms of brown rust the 
smaller uredinia were noticed. Average size of regular uredinia was 793, 58 x 295, 79 µm 
while measurements of small uredinia were 613, 49 x 230, 69 µm. The average area of small 
uredinia was 1, 15 x 105 µm. Usually measurements of small urediniospores resulted 12, 32 x 
12, 02 µm, while sizes of regular urediniospores were 13, 62 x 13, 2 µm. The size and 
morphology of uredinia and urediniospores obtained from the leaves of single rye inbred 
lines - DIL differed in sizes and shape. The regular spores were ovoid, globoid or angular, 
evenly echinulated. The size of predominant uredinia, as well as the size and morphology of 
urediniospores were in full agreement with literature data for P. recondite f. sp. recondita. 
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How many species of Entyloma are on North American Sanicula? 
Kyrylo   Savchenko1,*, L.M. Carris1 


 
1Department of Plant Pathology, Washington State University, United States 
  
Entyloma comprises more than 170 species of smut fungi parasitizing dicotyledonous hosts 
that are found on all continents except Antarctica. Infection results in the formation of sori 
embedded in the tissue of the vegetative parts of the host. Twenty Entyloma species are found 
on Apiaceae, with only E. ho-chunkii and E. saniculae reported from North America. The 
latter species was described on Sanicula marilandica, and during the last two centuries was 
collected on several other species of Sanicula. The present study aims to clarify the taxonomy 
of the Entyloma species on Sanicula in continuation of previous work on other species 
of Entyloma infecting hosts in Apiaceae. Specimens from the United States and Canada on 
five different hosts were examined and analyzed by morphological methods.  The results of 
the analysis demonstrated that there are three different morphotypes of E. saniculae, each 
restricted to a single species or a group of hosts. Thus, the morphotype of E. saniculae s.str. 
occurs on S. marilandica and S. canadensis in the eastern United States and Canada.  A 
second morphotype, described as E. californiensis sp. nov., parasitizes S. nevadensis in the 
western United States, and a third morphotype, described as E. flavoluteum sp. nov., occurs 
on S. gregaria and S. menziesii in the western and midwestern United States. The results of 
this study suggest that there is likely to be considerably more diversity within Entyloma than 
is reflected in the current taxonomy.  
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Analysis of the distribution and frequency of Mycosphaerella msicola mating types in 
Brazil 
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Banana (Musa) is widely produced in tropical and subtropical countries. Banana plants are 
commonly sterile, triploid, seedless and developed fruit by parthenocarpy. This may 
contribute to susceptibility to evolving pathogens. The fungi Mycosphaerella musicola 
(Pseudocercospora musae) and Mycosphaerella fijiensis (Pseudocercospora fijiensis) are the 
causative agents of Sigatoka leaf spot and black leaf streak disease, respectively, which are 
today among the most important diseases of banana plants. Although M fijiensis causes 
greater damage on banana cultivars, M. musicola is still the most widely distributed 
Mycosphaerella species occurring in production regions in Brazil. Infection with these 
pathogens results in underdeveloped fruit, with lower commercial value. The goal of this 
study was to determine the distribution and frequency of mating types in M. musicola isolates 
collected in five different growing areas of the Federal district and surrounding areas. A total 
of 119 isolates were identified to species level on the basis of morphological characterization 
and BLASTn sequence analysis of the ribosomal DNA (rDNA) internal transcribed spacer 
(ITS) regions. Using two pairs of specific primers for the mating type locus, a 1:1 distribution 
of MAT1-1 and MAT1-2 mating type idiomorphs was observed across the isolates from four 
of the areas. The observed data indicates sexual recombination between isolates and 
consequently greater adaptive capacity of the pathogen populations. 
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Isolation of Malassezia nana and M. slooffiae from the external ear canal of healthy 
horses 
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The objective of this study was to characterize genotypically Malassezia spp. isolated from 
the external ear canal of healthy horses. Fifty-five horses, 39 (70.9%) males and 16 (29.1%) 
females, from different breeds and adults were studied. External ear canal was cleaned and a 
sterile cotton swab was introduced to collect cerumen. A total of 110 samples were cultured 
into Dixon medium and were incubated at 32 °C for up 15 days. Macro-and-
micromorphology and phenotypic identification were performed. DNA was extracted by 10 
min ebullition. After that, strains were submitted to PCR technique, and the products obtained 
were submitted to RFLP using the restriction enzymes BstCI and HhaI. Strains were sent off 
to genetic sequencing of the regions 26S rDNA D1/D2 and ITS1-5.8S-ITS2 rDNA. 
Malassezia spp. were isolated from 33/55 (60%) animals and 52/110 (47%) ear canals. It was 
not observed any growth on Sabouraud dextrose agar, confirming the lipid dependence of all 
strains. PCR-RFLP permitted the molecular identification of Malassezia nana-42/52 (81%) 
and M. slooffiae 10/52 (19%). Sequencing confirmed RFLP identification. It was surprising 
that M. nana represented over 80% of the strains and no M. equine was isolated in this study, 
differing from what was expected. It is important to carry out new surveys about the 
distribution of lipid-dependent Malassezia species in the microbiome of equine external ear 
canals to better understanding the role of them in this species. 
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Survey of dermatophytes from the haircoat of free-living golden-headed lion tamarins 


(Leontophitecus chrysomelas) 
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Dermatophytes are filamentous keratinophilic fungi and they are able to cause zoonosis. 
Domestic animals have been recognized as source of infection for humans, but the role wild 
animals represent in the transmission of these infections has yet to be determined. Golden-
headed lion tamarins (Leontophitecus chrysomelas) are considered EN-endangered by the 
Red List of Threatened Species-World Conservation Union and free-living animals that lived 
in an Atlantic Forest area in Rio de Janeiro State, Brazil, were restrained because these 
animals would be translocated to another protected area. The objective of this study was to 
determine the presence of dermatophytes on the haircoat of free-living golden-headed lion 
tamarins. Two hundred and sixty-eight animals were studied. Samples were obtained by 
rubbing the haircoat with sterile carpets. Samples were seeded on Mycobiotic agar, and the 
plates were incubated at 25 °C for up 4 weeks. Identification of the isolates was carried out 
on basis of macro-and-micromorphology. Microsporum cookie was isolated from 1/268 
(0.4%) samples. This animal, with no macroscopic lesions, is considered asymptomatic 
carrier, and it could be source of infection for both other animals and humans. However, the 
prevalence of dermatophytes obtained is too low and probably this is not important for the 
sanity of this population. There is no available research about dermatophytes with so vast 
sampling from free-living non-human primates. 
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Mating type, aggressiveness and fumonisin production of Fusarium verticillioides from 


corn in the Philippines 
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Fusarium verticillioides is a common postharvest pathogen of corn and produces fumonisins 
that are potentially harmful to humans and animals. Thirty-five Fusarium isolates from 
Laguna and Isabela, Philippines were identified morphologically and molecularly as F. 
verticillioides and characterized by PCR for mating type (MAT). Twenty-six isolates were 
MAT1-2, while nine isolates were MAT1-1. Isabela isolates were tested for aggressiveness, 
expressed as disease index (%) on ‘Super Sweet’ corn IPB variety 1 under field conditions 
across two trials using the toothpick inoculation method. Other aggressiveness traits such as 
inhibition of seedling emergence, decrease of seedling height, fresh and dry mass were also 
determined in two greenhouse trials. All isolates were pathogenic to corn seedlings and 
mature plants compared to the noninoculated control. Significant genotypic variation was 
observed (P = 0.01) in trial, isolate, and isolate x trial interaction for all traits across two 
greenhouse trials. Significant genotypic variation was observed in trial, replication within 
trial and isolate x trial interaction. Heritability was high for the five traits in the greenhouse 
(h2 = 0.80–0.90) but moderate for disease index in the field (h2 = 0.49). In an analysis of 
fumonisin production in corn culture by HPLC, 30 of 35 strains produced a detectable level 
of fumonisins (0.44 to 742 µg FB1/g corn, 0.51–222 µg FB2/g and 0.12–37 µg FB3/g). 
Isabela isolates produced more fumonisins than the Laguna isolates did. In vitro fumonisin 
production had little correlation with the field disease index (r = 0.32) or with greenhouse 
seedling germination (0.25). 
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Identification of Ceratocystis isolates in Vietnam and analysis of genetic diversity of C. 
manginecans 
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The fungal pathogen Ceratocystis manginecans causes a severe canker and wilt disease of 
mango trees in the Middle East and has caused severe losses to Acacia mangium plantations 
in Indonesia. The same disease has been found in Acacia plantations in Vietnam but the 
identity of the Ceratocystis species in the country has not been confirmed. A recent study of 
C. manginecans isolates from mango trees in Oman and Pakistan showed that the population 
is clonal, supporting the view that it was introduced into these countries. The aim of this 
study was to identify isolates of the pathogen from A. mangium, A. auriculiformis and a 
hybrid of the two species in Vietnam. Additionally, the genetic diversity and population 
structure of isolates from Acacia spp. in Indonesia and Vietnam were considered in 
comparison to those from mango and legume trees in Oman and Pakistan. For this purpose, a 
set of 10 microsatellite markers were developed and combined with 14 previously available 
markers to screen 161 isolates from all four countries. Based on DNA sequence data, the 
isolates from Vietnam were identified as C. manginecans. Analysis of the microsatellite data 
showed a high level of genetic diversity in the populations of this fungus from South East 
Asia. The isolates from Vietnam were found to be genetically distinct from the other 
populations and displayed the highest level of genetic diversity thus far observed for C. 
manginecans.  
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Improving ITS sequence data for identification of plant pathogenic fungi 
Henrik Nilsson1* 
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Plant pathogenic fungi are a large and diverse assemblage of eukaryotes with substantial 
impacts on natural ecosystems and human endeavours. These taxa often have complex and 
poorly understood life cycles, lack observable, discriminatory morphological characters, and 
may not be amenable to in vitro culturing. As a result, species identification is frequently 
difficult. Molecular (DNA sequence) data have emerged as crucial information for the 
taxonomic identification of plant pathogenic fungi, with the nuclear ribosomal internal 
transcribed spacer (ITS) region being the most popular marker. However, international 
nucleotide sequence databases are accumulating numerous sequences of compromised or 
low-resolution taxonomic annotations and substandard technical quality, making their use in 
the molecular identification of plant pathogenic fungi problematic. Here we report on a 
concerted effort to identify high-quality reference sequences for various plant pathogenic 
fungi and to re-annotate incorrectly or insufficiently annotated public ITS sequences from 
these fungal lineages. A third objective was to enrich the sequences with geographical and 
ecological metadata. The results – a total of 31,954 changes – are incorporated in and made 
available through the UNITE database for molecular identification of fungi 
(http://unite.ut.ee), including standalone FASTA files of sequence data for local BLAST 
searches, use in the next-generation sequencing analysis platforms QIIME and mothur, and 
related applications. The present initiative is just a beginning to cover the wide spectrum of 
plant pathogenic fungi, and we invite all researchers with pertinent expertise to join the 
annotation effort. 
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Molecular epidemiology of an opportunistic yeast pathogen, Trichosporon asahii: 
analysis of clinical isolates by DNA sequencing of three genetic loci 


Takashi Sugita1*, Otomi Cho1, Nanthawan Mekha2, Ayse kalkanci3, Sanae Kurakado1, Masako Takashima4 
 
1Department of Microbiology, Meiji Pharmaceutical University, Japan 
2Mycology Laboratory, National Institute of Health, Thailand 
3Department of Microbiology, Gazi University, Turkey 
4Microbe Division/Japan Collection of Microorganisms, RIKEN BioResource Center, Japan 


 
Although the yeast Trichosporon asahii is widely distributed in the environment, the 
microorganism causes an opportunistic infection, trichosporonosis, in immunocompromised 
hosts. Molecular epidemiological investigations have employed DNA sequencing analysis of 
the IGS 1 regions of rRNA genes. A total of 12 IGS 1 genotypes have been defined in T. 
asahii and the genotypes correlated well with geographic substructure. For example, 
genotype 1 predominated in Japan and Turkey, whereas both genotypes 1 and 3 were 
prominent in Thailand. However, the type 1 strain dominated in most countries. Therefore, a 
more powerful strain discriminatory tool was required. We compared the genomic 
information of two T. asahii strains and that of several candidate genes that might possibly be 
used to discriminate among strains. Of these, we ultimately added two genes, the F-box 
protein gene (Fbox) and the shikimate-5-dehydrogenase gene (AroE), to IGS 1, to improve 
discriminatory analysis. A total of 228 T. asahii clinical isolates from patients in Japan, 
Thailand, and Turkey was examined. Based on analysis of the three loci, 37 types (termed 
“STs”) were identified. In Japan, ST3 (69%) predominated, followed by ST5 (17%); whereas 
ST5 (64%), followed by ST3 (9%), predominated in Turkey. In Thailand, the STs were more 
diverse: ST6 (18%), ST3 (15%), ST14 (13%), ST7 (12%), and ST12 (12%). In conclusion, 
DNA sequence analysis of three loci enables T. asahii strains to be better discriminated than 
was possible using the earlier tool. 
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Molecular epidemiology reveals that emerging sporotrichosis is driven by clonal and 
recombinant Sporothrix species 
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Sporotrichosis, a human and animal disease caused by Sporothrix agents occurs worldwide. 
Sporothrix propagules usually gain entry into the warm-blooded host through minor trauma 
to the skin from contaminated plant debris or through scratches or bites from felines carrying 
the disease, generally in the form of outbreaks. We evaluated the impact of the feline host on 
the epidemiology, spatial distribution, prevalence, and genetic diversity of human 
sporotrichosis. Nuclear and mitochondrial markers revealed large structural genetic 
differences between S. brasiliensis and S. schenckii populations, suggesting that the interplay 
of host, pathogen, and environment has a structuring effect on the diversity, frequency, and 
distribution of Sporothrixspecies. In the ancestral widespread species, S. schenckii, which is 
transmitted to humans through contact with soil and plants, genetic recombination occurs to 
create a diversity of genotypes that did not show any significant increase in frequency as 
etiologic agents of human infection over time. The highly pathogenic S. brasiliensis, which 
has been the major cause of a very large epidemic in southeastern Brazil in the last decades, 
relies on transmission from cats to humans. Remarkably, zoonotic transmission led to the 
emergence of a clonal population with little genetic variation. Phylogenetic data support a 
recent habitat shift within S. brasiliensis from plant to cat that seems to have occurred in 
southeastern Brazil and is responsible for its emergence. These insights into habitat shifts and 
species-specific transmission of the disease could help to develop strategies for controlling 
future outbreaks, since the cat-transmitted epidemic is unlikely to end spontaneously. 
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Molecular epidemiology and in vitro antifungal susceptibility of Cryptococcus 
neoformans variety grubii in Asia. 
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A molecular epidemiology analysis of 476 Cryptococcus neoformans var. grubii isolates 
from various geographic locales in Asia (i.e China, Hong Kong, India, Indonesia, Japan, 
Kuwait, Qatar and Thailand) was studied using multilocus sequence typing and microsatellite 
typing. The investigations showed that Asian C. neoformans var. grubii population contained 
4 predominant MLST sequence types (STs), including STs4-6 and ST93, and 6 predominant 
microsatellite complexes (MCs), including MCs1-3, MC8, MC16 and MC17. The 
distribution of STs and MCs differed in each country. Using a minimum spanning tree 
analysis most Asian isolates clustered together in one group and differed from isolates from 
the other continents. The in vitro antifungal susceptibility testing showed that almost all 
isolates were susceptible to the antifungals (i.e. amphotericin B: AMB, 5-flucytocine: 5FC, 
fluconazole: FLU, itraconazole: ITR, voriconazole: VOR, posaconazole: POS and 
isavuconazole: ISA) investigated. MIC90 values of the isolates were AMB 0.5, 5FC 8, FLU 
4, ITR 0.25, VOR 0.125, POS 0.125 and ISA 0.063 mg/ml. However, isolates with high MIC 
values for 5-flucytosine, fluconazole and voriconazole as well as double resistant ones (i.e. 
5FC-FLU and FLU-VOR resistant isolates) were observed, main from Indonesia and 
Thailand. Almost all of these high MIC value isolates belonged to ST93 and to MCs 3, 8 and 
17. In conclusion, MLST and microsatellite analysis showed a distinct distribution of 
genotypes of C.neoformans var. grubii in different geographical locations in Asia. Isolates 
with high MIC values for 5-flucytosine, fluconazole and voriconazole were found in this 
study, furthermore, an association of genotypes and resistance traits was observed. 
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The population structure of clinically isolated Cryptococcus from sites in 
sub-Saharan Africa 


Tami McDonald and Kirsten Nielsen* 
Department of Microbiology, University of Minnesota, Minneapolis, USA 
Cryptococcosis is a leading cause of AIDS-related mortality in sub-Saharan Africa. 
Previously, we showed a correlation between patient mortality and strain genotype for 140 
strains in a cohort of 111 patients with AIDS and cryptococcal meningitis. Here, we have 
expanded these studies to include additional patients from multiple regions in sub-Saharan 
Africa to determine the generalizability of the association between fungal genotype and 
patient mortality. We analyzed 660 clinically isolated strains, including 562 from Kampala, 
Uganda, 22 from Mbarara, Uganda and 76 from Cape Town, South Africa. We genotyped the 
strains using multi-locus sequence typing (MLST) at eight standard loci. We found 38 
genotypes of Cryptococcus neoformans var. grubii (serotype A), including both VNI and 
VNII strains. We found six hybrids between C. neoformans var. grubii and C. neoformans 
var. neoformans (A/D hybrids) and one C. gattii strain. Population structures differ between 
Uganda and South Africa. The population in Uganda is composed of one major clonal 
genotype, which is highly virulent, and several minor genotypes, some of which are 
singletons in this analysis and some of which are minor clonal clusters. The population in 
South Africa has more genotypes, including both minor clonal clusters and singleton 
genotypes in this analysis, but no major clonal clusters. Ultimately the genotype and 
mortality data can be used to select fungal strains for more in-depth sequencing to identify 
novel virulence factors that differ between high-mortality and low-mortality fungal 
genotypes. 
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Rhizoctonia solani AG-4 causing damping-off of turnip green, sugar beet and rocket in 


Japan 
Hiroyuki Sekiguchi1*, Hiroharu Murakami2, Erika Sato1, Keisuke Tomioka1, Naoyuki Hirako3, Ryota 


Amemiya3, Shogo Hayakawa3, Yu Minagawa3, Masato Nakata3, Mitsuro Hyakumachi4, Seiya Tsushima5 
 
1Western Region Agricultural Research Center, National Agriculture and Food Research Organization, Japan 
2Headquarters, National Agriculture and Food Research Organization, Japan 
3－, Shohachi Tsukuba, Japan 
4Faculty of Applied Biological Sciences, Gifu University, Japan 
5Natural Resources Inventory Center, National Institute for Agro-Environmental Sciences, Japan 
In Japan, mixtures of various kinds of leaf vegetables grown in 10-15 cm are being called 
“baby leaf” to be available commercially. Recently, damping-off with stem blight occurred 
on turnip green (Brassica rapa var. perviridis), sugar beet (Beta vulgaris L.) and rocket 
(Eruca vesicaria) cultivated in baby leaf production fields in Ibaraki Prefecture in the east 
region of Japan in July to September 2013. A fungus was repeatedly isolated from diseased 
plants, and representative isolates of the fungus were identified as Rhizoctonia solani AG-4 
based on evaluation of hyphal fusion with tester strains of R. solani as well as morphological 
characters. The culture morphology types were decided as follows: HG-III for isolate RT2 
from turnip green, HG-II for isolates RB2 and RR2 from sugar beet and rocket, respectively. 
When mycelial agar plugs (7-day-old PDA culture) of each isolate were attached to stem 
bases of healthy seedlings of the three kinds of plants, symptoms were reproduced, and the 
isolates were reisolated from the diseased plants, demonstrating that they were pathogenic to 
the three kinds of plants. We will construct soil diagnosis methods for evaluating occurrence 
risk of the present diseases and control methods of them depending on the risk. In addition, 
this is the first report as for damping-off of turnip green caused by R. solani AG-4 in Japan. 
Isolate RT2 was deposited in Genebank, National Institute of Agrobiological Science with 
accessions MAFF150019. 
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Pathogenicity evaluation of the causal agent of radish anthracnose, Colletotrichum 
dematium (Persoon) grove, to spinach 


Keisuke Tomioka1*, Hiroyuki Sekiguchi1, Koji Nomiyama1, Hideki Osaki1, Yoko Ito1, Toshiaki Takehara1 
 


1Western Region Agricultural Research Center, National Agriculture & Food Research Organization, Japan 
 
Colletotrichum dematium (Persoon) Grove [Syn. Colletotrichum spinaciae Ellis & Halsted] 
has been noted as a pathogenic species of anthracnose on both radish (Raphanus sativus L.) 
and spinach (Spinacia oleracea L.) (Common names of plant diseases in Japan; Index 
Fungorum). We evaluated pathogenicity of an isolate of the species, MAFF238704 from 
radish anthracnose, to spinach. Seedlings of spinach (cv. Okame) were grown in pots with 
nursery soils for 3~4 weeks. Conidia of the isolate were collected from 6-day-old PDA 
cultures grown at 25ºC under black light, and suspended in sterilized distilled water at 5~6 × 
105 /mL. When the conidial suspension was sprayed onto leaves, severe symptoms of 
anthracnose began to appear 4 days after spraying, and the isolate was reisolated from the 
diseased leaves, demonstrating that the isolate was virulent to spinach. On the other hand, 
virulence of the isolate to spinach was unclear when inoculation was made on roots. When 
spinach seedlings were grown in nursery soil that was inoculated with the conidial 
suspension, or when the seedling roots were soaked in the conidial suspension for 24 hrs 
before transplanting, no symptom appeared on those seedlings though the isolate was 
reisolated from roots of a part of the inoculated seedlings. These results indicate that radish 
infected with C. dematium can be inoculum source for infection of spinach anthracnose, but 
that the infection risk of roots of spinach is lower than that of leaves. 
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Generation of nitrate non-utilizing mutants from pathogens of Madagascar periwinkle 


anthracnose 
Keisuke Tomioka1*, Koji Nomiyama1, Hiroyuki Sekiguchi1, Hideki Osaki1, Toshiaki Takehara1 


 
1Western Region Agricultural Research Center, National Agriculture & Food Research Organization, Japan 
 
Fungal isolates of MAFF240311 and MAFF240312 causing anthracnose of Madagascar 
periwinkle [Catharanthus roseus (L.) G. Don; Apocynaceae] were isolated in Shizuoka and 
Okinawa Prefectures, Japan, in 2003 and 2004, respectively, and reported to be species 
belonging to the Colletotrichum gloeosporioides species complex (Tomioka et al., 2013). In 
the present study, nitrate non-utilizing mutants (Puhalla, 1985; Correll et al., 1987; Brooker et 
al., 1991), which are useful as markers for analyzing fungal ecology, vegetative 
compatibility, pathogenic specialization etc., were generated from the isolates. Mutants 
tolerant to chlorate (potassium chlorate) were obtained from the isolates, and their 
phenotypes based on utilization of five nitrogen sources were determined through incubation 
on cultural media supplemented with sodium nitrate, sodium nitrite, ammonium tartrate, 
hypoxanthine or uric acid (Brooker et al., 1991). The mutants from MAFF240311 were the 
phenotype nit1 (non-utilizing sodium nitrate, mutated at the nitrate reductase structural locus) 
or the phenotype NitM (non-utilizing both sodium nitrate and hypoxanthine, mutated at the 
loci that affect the assembly of a molybdenum-containing cofactor necessary for nitrate 
reductase activity), and those from MAFF240312 were the phenotype nit1. All mutants were 
pathogenic to Madagascar periwinkle. Ecological and other studies regarding anthracnose of 
the plant are expected to develop in future using the mutants. 
 
Keywords: Plant pathology,Colletotrichum gloeosporioides species complex, nitrate non-
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Sensitivity comparison of pathogenic dermatophytes fungal hyphae to benzyl 
ammonium chloride, benzalkonium chloride and potassium chlorate 


Ong-ard Lawhavinit1*, Orawan Limsivilai2 
 
1Microbiology and Immunology, Kasertsart University, Thailand 
2Microbiology and Immunology , Faculty of Veterinary Medicine, Kasetsart University, Thailand 
 
Dermatophytes are pathogenic fungi that infect human and animal skin, nails and hair and 
cause dermatophytosis. Epidermophyton flocosum, Microsporum canis and Tricrophyton 
mentagophyte are the most widespread species that belong to this group. Infection of the skin 
tissues includes several stages, i.e., adhesion to the surface of the skin, invasion into the 
sublayers by the penetration of fungal elements and secretion of enzymes that degrade the 
skin components. In this study, the three pathogenic dermatophytes fungi were test for their 
sensitivity to the three chemicals: Dioctyl Conjugated Dimethyl Benzyl Ammonium 
Chloride, BenzalKonium Chloride 80% and Potassium Chlorate. Hyphal agents at the edge of 
growing colonies were cut and immersed in various concentrations of the three chemicals for 
60 min and then placed on SDA. The minimun fungicidal concentrations (MFC) were defined 
as the concentration at which no growth of fungal hyphae was evident over a 5-day period. 
The results showed that the growth of the fungal colonies increased when the chemical 
concentrations were decreased. The MFC of the three chemicals were 0.9, 0.06 and 0.5% for 
E. flocosum, 0.9, 0.15 and 0.9% for M. canis and 0.8, 0.2 and 1.0% for T. mentagophyte, 
repectively. The results indicated that Dioctyl Conjugated Dimethyl, BenzalKonium Chloride 
80% and Potassium Chlorate had fungicidal activity against the three fungi investigated. The 
MFC of BenzalKonium Chloride 80% was lower than the other chemicals. Thus, there should 
be further studies to determine the appriate concentration and to focus the toxicity of the 
chemicals to animal and human. 
 
Keywords: Dermatophytes, benzyl ammonium chloride, benzalkonium chloride, potassium 
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Etiology of anthracnose in Phormium tenax 
Nuria Gómez-Dorantes1, Victor López-Maldonado1, Sylvia Fernández-Pavía1, Leticia Fernández-Pavía2, 


Gerardo Rodríguez-Alvarado1* 
 
1Plant Pathology Laboratory, Universidad Michoacana de San Nicolas de Hidalgo, Mexico 
2Fruticultura, Colegio de Postgraduados, Mexico 
 
Phormium tenax is a plant native to New Zealand and Australia (Norfolk Island). It is a 
common ornamental plant in Mexico. During 2012, P. tenax plants were observed with 
anthracnose symptoms, mainly at the apex of the leaves, in gardens and nurseries in Morelia 
and Puebla, Mexico. Foliar lesions were oval to irregular in shape, brown, with a dark orange 
to reddish border. Acervuli and perithecia were observed on foliar lesions. The pathogen was 
isolated from sections of symptomatic tissue that were plated out on potato dextrose agar and 
2% water agar media. White to light brown fungal colonies showed septated mycelia, conidia 
hyaline, cylindrical, that measured 15-17.5 (15.7) x 5-7.5 (6.9) µm. Genomic DNA from 6 
isolates was PCR amplified using specific primers for the internal transcribed spacers (ITS) 
and the large subunit (LSU) regions of rDNA. The ITS and LSU sequences shared 99-100% 
identity with accessions of Colletotrichum boninense and C. gloeosporioides. Pathogenicity 
tests were carried out on healthy P. tenax plants spraying with a conidial suspension (106 
spores/mL), on wounded leaves. Control plants were inoculated with sterile distilled water. 
Disease symptoms were observed 14 days after inoculation, and Colletotrichum was 
recovered from the margins of the foliar lesions. Control plants inoculated with water did not 
show symptoms. Additional molecular studies are needed to clarify the species identity of 
this pathogen. This is the first report of Colletotrichum spp. infecting P. tenax in Mexico. 
 
Keywords: Colletotrichum boninense, Colletotrichum gloeosporioides, ornamental plants, 
fungal diseases, foliar diseases 
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1, 3-β-D-glucan, new biomarker for the differentiation of chemical particle and fungal 
grain in peritoneal dialysate 


Navaporn Worasilchai1*, Asada Leelahavanichkul,2, Talerngsak Kanjanabuch3, Ariya Chindamporn2 
 
1Interdisciplinary Program, Medical Microbiology, Chulalongkorn University, Thailand 
2Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand 
3Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Thailand 
 
Small foreign body, sand-like material as refer to “black particle” can be found from the 
chemical reaction between glove powder and Betadine antiseptic, had been regularly seen in 
regular peritoneal dialysis (PD) patients. Some of the particles were suspected as fungi 
colonies. We hypothesized that 1, 3-β-D-glucan (BG), fungal cell wall component was a good 
candidate biomarker for the differentiation between chemical black particles and fungi 
colonies particles. Here, we reported 3 and 2 cases of black and white particles, respectively 
as fungi colonies. Abnormal foreign body particle from 5 PD patients were sent for fungal 
culture and peritoneal dialysate was simultaneously tested with Fungitell® assay (Cape Cod, 
MA, USA) for BG level. The culture of the particle was positive for fungi in all patients 
within 48h incubation period, despite clear dialysate effluent with normal range of peritoneal 
leukocytein some patients. One of the fungal colonies was Fusarium spp., possible 
opportunistic fungal infection in PD patients. Interestingly, BG was positive in very high 
level (523 pg/ml) in all patients. The screening test by BG in peritoneal dialysate with 
abnormal particles will be helpful as a screening test for further fungal investigation. We 
suggested measuring BG in PD patient with suspected abnormal particles in PD center with 
high incidence of black particle and in all PD patients with foreign body particle in PD center 
with low incidence. 
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Production of Penicillium marneffei Cu, Zn superoxide dismutase recombinant protein 


in Pichia pastoris 
Sophit Khanthawong1*, Nongnuch Vanittanakom2 


 
1Department of Microbiology and Parasitology, Faculty of Medical Science, Center of Excellence in Fungal 
Research (CEFR), Naresuan University, Thailand 
2Department of Microbiology, Faculty of Medicine, Chiang Mai University, Thailand 
Penicillium marneffei is an intracellular dimorphic fungus that can cause a fatal disseminated 
disease in human immunodeficiency virus-infected patients. The factors that affect the 
pathogenicity of this fungus remain unclear. SOD has been shown to contribute to the 
virulence of many human-pathogenic fungi through its ability to neutralize toxic levels of 
reactive oxygen species generated by the host. In this study, full-length soda gene encoding 
Cu, Zn superoxide dismutase of P. marneffei was amplified then cloned into pPICzaB 
plasmid and transformed into TOP10 E. coli competent cells. The positive clone was 
amplified and linearized with MssI restriction enzyme. The fragments were transformed into 
Pichia pastoris competent yeast cells by electroporation and selected the positive 
recombinant yeast cells with media containing zeocin™. The positive clones were then 
checked with PCR and sequencing. The selected positive clone was cultured and induced for 
recombinant protein expression. An apparent molecular mass of about 25 kDa secreted 
protein was detected by coomassie blue staining-SDS-PAGE and his-tag was detected by 
western blot with nickel-NTA. This is the preliminary study for production of recombinant 
Cu, Zn SOD protein from P. marneffei. The further study will focus on characterized for 
immunogenic and antioxidant properties of Cu, Zn SOD recombinant protein. 
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Fusarium infections in tropic dermatology: an underestimated entity? 
Montarop Sudhadham1* 


 
1Biology, Suansunandha Rajabhat University, Thailand 
Studying the prevalence and genetic diversity in a set of 464 clinical fungal isolates from a 
dermatological ward in Thailand, forty-four strains (9.5%) proved to be Fusarium species. 
Identifications were performed using multilocus genotyping of partial Translation Elongation 
factor 1-apha (tef1-α), internal transcribed spacer (ITS) and RNA dependent polymerase 
subunit II (rpb2). Of the Fusarium strains encountered, 37 isolates (84%) belonged to the 
Fusarium solani species complex (FSSC), one strain matched with the Fusarium oxysporum 
(FOSC) species complex 33, while six others belonged to the Fusarium incarnatum-equiseti 
species complex (FIESC). Within the FSSC two predominant sequence types could be 
recognized: one particular cluster proving to be BSL-2 Fusarium falciforme, the other 
recently described Fusarium keratoplasticum. The detected Fusarium isolates were almost 
exclusively (89%) involved in onychomycosis; some strains caused paronychia or severe 
tineapedis. Globally the prevalence of Fusarium species causing infections nail differs 
significantly between geographic regions. FSSC is prevalent in Asia and Latin America 
regions, while FOSC is more common in Europe. Possibly climatic differences play a role in 
species distributions. Comparative data are however scant; Fusarium species seem to be an 
underestimated pathogen of dermatological infections. In Thailand there were no gender 
differences in susceptibility to Fusarium, but the dominant right side of the body was affected 
significantly more, possibly explained by traumatic inoculation due to more frequent usage of 
the right limbs. 
 
Keywords: Fusariosis, Fusarium incarnatum-equiseti species complex (FIESC), Fusarium 
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Corynespora Leaf light of Postharvest Holy Basil Commodity 
Udom Farungsang, Nuanwan Farungsang, Sasitorn Vudthivanich and Yanee Munon 


 
Faculty of Agriculture at Kamphaeng Saen, Kasetsart Univ, Kamphaeng Saen Campus, Nakhon 
Pathom, 73140, Thailand 
 


Prone to decay, postharvest shelf-life of leaf-vegetable commodities are very short, 
particularly in humid climate.  Pathogens are significant causes in addition to spoilage 
microorganisms.  In order to investigate into postharvest disease problem, healty spikelets 
were sampled from a 200-g of Holy basil (Ocimum sanctum) commodity collected from a 
commercial plantation located in Kamphaengsaen district, Nakhon Pathom province.  Leaves 
and axillary shoots were excised from their spikes, placed separately in transparent, sterilized 
moist chambers, the locations on spike of the leaf and shoot samples were labeled.  Disease 
development was allowed at 26-28°C, under fluorescence + NUV light, 12 hr/day.  Disease 
symptom was noticed at 2 days after incubation as leaf spot (less than 1mm diameter).  The 
spots extended over time and became leaf / shoot blight, finally in 7 days.  Through stereo- 
and compound microscopes, the pathogen was identified belonging to Corynespora casiicola, 
the same species as the fungus causing disease symptom on leaves and spikes of Holy basil 
grown in the field. 
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Endophytic colonization by a stem-end rot fungus, Lasiodiplodia theobromae in mango 
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Pathom, 73140, Thailand 
 
Fungal genera belonging to the Family Botryosphaeriaceae are reported as endophytes and 
latent pathogens of woody plants.  Two of these, Fusicoccum spp. (Dothiorella spp.) and 
Lasiodiplodia theobromae were reported as serious stem-end rot pathogens in Australia and 
Thailand, respectively.  Detection in healthy stem tissue and inflorescence suggested 
infection of mango fruit by endophytic colonization by the fungus.  Endophytic association of 
L. theobromae with mango plant tissue was investigated on Nam-dok-mai mango.  
Colonization of stem tissue was determined on the tissues located at the middle of the 
internodes, below, and above the nodes of branches with 3 growth flushes.  Examination of L. 
theobromae in association with inflorescence was focused on flowers, young fruit, as well as 
tissue located at the base, middle, and sub-terminal of the rachis.  Incidence of L. theobromae 
was detected at high percentages on all plant parts, 74.89% along the branch length, 33.3-
66.7% along the rachis, 75% for flower, and 57% for young fruit. 
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Preliminary survey of ericoid mycorrhizal associations and benefits to plant growth in 


the New Jersey 
John Dighton1*, Rebecca Bacheler1 
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Ericaceous mycorrhizae research concentrates on Rhyzoscyphus ericae. In natural ecosystems 
it is likely that other fungi associate with ericaceous plants. In a survey of Gaylussacia 
baccata (black huckleberry) and Gaultheria procumbens (teaberry) along an altitudinal 
gradient in the pine barrens, we found that Oidiodendron spp. dominated over R. ericae. 
Infrequent occurrences of Heliotales and Sordariomycetes were also found in roots. The 
degree of root colonization by l hyphal coils differed between the sites along the gradient. G. 
procumbens had greater root colonization in the wetland (89%) than upland (75%) as did, G. 
baccata (wetland 99%; upland 96%). Comparative function of R. ericae and Oidiodendron 
spp. was evaluated by assessing growth of both ericaceous and associated plant species 
sharing similar habitats. In non-sterile soil R. ericae or Oidiodendron increased growth of 
Hudsonia ericoides (ectomycorrhizal) but not Arctostaphylos uva-ursi (arbutoid) or 
Vaccinium corymbosum (ericoid), although hyphal coil abundance was significantly less in 
Hudsonia than A. uva-ursi or V. corymbosum. In sterile soil there was no difference in effect 
of either fungus on the growth of V. corymbosum, but A. uva-usi grew significantly better 
with both fungi than either alone; significant for Oidiodendron. Mantle development in A. 
uva-usi was stimulated more by R. ericae than by Oidiodendron. In pine barrens, 
Oidiodendron may be a more common than R. ericae; more research is needed on the 
ecology and function of these two fungi. 
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Sugar partitioning in arbuscular mycorrhiza under light stress: Regulation of Sorghum 


bicolor sucrose transporters and newly characterized Rhizophagus irregularis 
monosaccharide transporters 
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Avogadro, Italy 
 
We identified two new monosaccharide transporter (MST) genes involved in the arbuscular 
mycorrhizal fungi (AMF) Rhizophagus irregularis sugar uptake during arbuscular 
mycorrhizal symbiosis with different host plants. The identification and functional analysis of 
this two transporters provide additional information on the AMF MST family which 
comprises only three genes (MST2, 3 and 4; Helber et al., 2011). In that way, full-length 
sequences of R. irregularis (DAOM 197198) MST (RiMST5 and RiMST6) were amplified 
and biochemical characterization of those transporters was performed by heterologous 
expression in yeast. The RiMST family now comprises five genes with different importance 
levels and roles in the fungal life cycle. RiMST6 was characterized as a functional 
H+/glucose transporter with high affinity and low transport capacity to glucose. Molecular 
responses to light stress (24, 48 and 72 hours of shadow) of sugar transporters from the two 
symbiotic partners (RiMSTs and S. bicolor sucrose transporters (SUTs)) were studied by 
gene expression to better understand carbon partitioning in plant-fungal symbiosis. Sucrose 
represents the main sugar transport form in S. bicolor and the expression profiles of SbSUT2, 
SbSUT3-1 and SbSUT5-2 in the root highlight a fine-tuning regulation of sugar fluxes during 
symbiosis and under light stress. RiMST expressions were also affected by those conditions. 
Taken together, these results suggest distinct functions/regulations for plant and fungal sugar 
transporters during functional biotrophic interactions or under light stress. 
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Ectomycorrhizal development and growth stimulation by Astraeus strains on  
birch, pine and oaks 
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Astraeus are ectomycorrhizal (EM) mushrooms belonging to Diplocystaceae, Boletales, 
Basidiomycota. In Japan two Astraeus species have been reported; A. hygrometricus and A. 
hygrometricus var. koreansis; however, the former is phylogenetically different from those in 
Europe and North America and considered to be an undescribed species, which is tentatively 
called as Japanese Astraeus. Japanese Astraeus is found in various vegetation and is expected 
to have a wide range of host plants. We showed that EM formation on birch (Betula grossa), 
pine (Pinus densiflora) and oaks (Quercus serrata and Q. myrsinifolia) after inoculation with 
nine strains of Japanese Astraeus collected from forests of birch, pine or oak. All of the 
strains formed EM on pine; however, its number and morphology was different. The size of 
pine was correlated with the number of EM. Seven Astraeus strains formed on seedlings of 
two oaks. The size of oak was not correlated with the number of EM. Six Astraeus strains 
formed EM on birch. The size of birch was different on the strains, but was not clearly 
correlated with the number of EM. The ability of Astraeus to form EM was not determined 
by the original host of the strains (the host plant where fruit-bodies were collected) or the 
isolation date. The ability was roughly correlated with the growth rate of the strains on agar 
media. The present study concluded that inoculation experiments using various combinations 
of plant and fungus could offer valuable information on planning effective reforestation 
systems. 
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Inability of some plants to colonize abandoned field and potential role of AMF 


communities 
Alena Voříšková1*, Martina Janoušková2, Renata Slavíková3, Hana Pánková4, Kristýna Vazačová2, Tomáš 


Dostálek4, Zuzana Münzbergová4, Miroslav Vosátka2 
 
1Department of Experimental Plant Biology, Charles University in Prague, Czech Republic 
2Department of Mycorrhizal Symbiosis, Institute of Botany, Academy of Sciences , Czech Republic 
3Department of Philosophy and History of Sciences, Charles University in Prague, Czech Republic 
4Department of Population Ecology, Institute of Botany, Academy of Sciences , Czech Republic 


 
Arbuscular mycorrhiza is an integral component of grassland ecosystems. Arbuscular 
mycorrhizal fungi (AMF) may affect productivity and biodiversity of plant communities. The 
identity and species richness of the AMF community, which colonizes the root system of a 
plant, is important for the plant's growth response to mycorrhiza. We studied two different 
types of biotopes occurring in close neighborhood at our locality in the Czech Republic, 
Central Europe: a semi-natural dry grassland with high plant biodiversity and a 20-year 
abandoned field where plant biodiversity is lower as some plants from the dry grassland do 
not colonize the abandoned field. We were interested in the role of AMF in the ability of 
plants to colonize the abandoned field. As it was intensively managed in the past, we 
assumed that it would host distinct AMF communities than the dry grassland. If the identity 
and species richness of AMF is important for plant growth, changes in the community 
structure of AMF in the abandoned field could impact the ability of some plants to grow 
there. We focused therefore on differences in the composition of AMF communities in both 
biotopes. For this purpose we used terminal restriction fragment length polymorphism (T-
RFLP) combined with a database of AMF sequences from the locality. Our results show 
difference in the composition of AMF communities of both biotopes, which varied in the 
frequency of the found AMF taxa. AMF species richness, however, was not lower in the 
abandoned field as expected, but even higher than in the semi-natural dry grassland. Thus, the 
composition of AMF communities at the abandoned field indicates their natural restoration 
after previous intensive agriculture management in the past. Communities of AMF probably 
do not influence the ability of plants to colonize this biotope. 
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Latitudinal gradient in pine log decomposition affects tree seedling establishment on  


the logs 
Yu Fukasawa1* 


 
1Agricultural science, Tohoku University, Japan 


 
Seedling establishment on well-decayed fallen logs is an important process of forest 
regeneration all over the world. Fallen logs become porous, humid, and nutritious substrate 
for seedling colonization during their decay process by fungal decomposers. Because fungal 
decay ability for wood organic constituents differs among species, consequences of fungal 
wood decomposition appear as different decay types traditionally recognized as white-, 
brown-, and soft-rot. Recent studies reported that decay type of log affect seedling 
colonization. On the other hand, fungal distribution is strongly determined by climate such as 
temperature and precipitation in global scale. Thus, I hypothesized that wood decomposer 
fungal community differ along latitudinal gradient, making difference in wood decay type 
and consequently determine tree species that could colonize on logs at certain site. Focusing 
on logs of Pinus densiflora that was terribly damaged by Pine Wilt Disease in recent decades, 
I compared fungal community structure, frequency of decay types, and seedling colonization 
rate among 30 sites along latitudinal gradient in Japan. Results showed that frequency of 
brown-rot positively correlated with mean annual temperature and annual precipitation, but 
frequencies of white- and soft-rot did not. This may be attributed to the higher optimum 
temperatures of pine brown-rot fungi compared to other decay type fungi. Seedling 
regeneration surveys in 9 selected sites showed that seedling colonization of particular trees 
tend to be reduced in sites with higher brown-rot rate. These results lead a new hypothesis 
that future climate change could affect tree regeneration indirectly by altering underground 
decomposer fungal communities. 
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Mysterious Hygrophoraceae - mushrooms as endophytes? 
Derek Persoh1*, Gareth W. Griffith2, Sofia A. Tello3, Patricia Silva-Flores3, Christopher Sadlowski1,  


Reinhard Agerer3, Hans Halbwachs4 
 
1AG Geobotanik, Ruhr-Universität Bochum, Germany 
2Institute of Biological, Environmental and Rural Sciences, Aberystwyth University, United Kingdom 
3Systematische Botanik und Mykologie, Ludwigs-Maximilians-UniversitätMünchen, Germany 
4Amorbach, Bavarian Mycological Society, Germany 
 
Waxcaps represent a non-monophyletic group of fruiting-body forming Basidiomycota in the 
family Hygrophoraceae. In Europe these mostly colourful mushrooms are typically found in 
undisturbed or extensively managed grasslands. Due to the decline of their habitats, many 
species of Hygrophoraceae are endangered worldwide. Their biology remains a mystery since 
isotopic signatures indicate that they are distinct from both ectomycorrhizal and saprotrophic 
macrofungi. Here we present results from several studies aiming to clarify their trophic 
strategy. Microscopic investigation provided evidence that hyphae of Hygrophoraceae invade 
plant roots through the root hairs and epidermal cells. These observations were confirmed by 
application of species-specific primers to DNA extracts from roots. However, the molecular 
approach also revealed Hygrophoraceae in aboveground plant tissues, including seeds. 
Furthermore, different organs of plants grown from surface-sterilized seeds included DNA of 
waxcaps after 22 weeks of incubation. This fungal colonization apparently resulted from 
infected seeds. Altogether, these results suggest that at least one species, Cuphophyllus 
virgineus, is a maternally transmitted endophytic fungus associated with the host plant 
Plantago lanceolata. The endophytic growth is also consistent with the carbon isotopic 
signature of waxcap fungi, which deviates less from the host plants’ signatures than known 
from ectomycorrhizal associations. Using Next-Generation-Sequencing we are currently 
elucidating the significance of the endophytic stage in the life cycle of waxcap fungi and aim 
at establishing a model system to obtain experimental evidence for its mode of nutrition. 
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Biogeographic community analyses of ectomycorrhizal fungi on conspecific tree hosts in 


the Ozarks and Central Appalachian Mountains 
Donald Nelsen1*, Steven Stephenson1 


 
1Biological Sciences, University of Arkansas, United States 


 
Ectomycorrhizal fungi (ECM) are symbiotic organisms that essentially trade nutrients for 
photosynthates at the surface of plant roots. ECM fungi are found in both the Basidiomycota 
and Ascomycota and can vary in the degree of specificity they exhibit to their plant hosts. 
Studies of ECM fungal ecology and evolution directed towards particular host species 
increase our understanding of community structure and fungal biodiversity associated with 
specific types of plants. In comparable geographical regions the same host trees may 
associate with different fungal communities. This project is examining the ECM communities 
associated with dominant Quercus and Carya tree species, among others, in North American 
montane forests at similar latitudes but separated geographically by the Mississippi River 
Valley. Next Generation Sequencing (NGS) is being employed to identify members of the 
ECM community occurring on the roots of sampled trees. NGS technology allows for the 
rapid identification of the multiple fungi that occur in the rhizosphere but cannot be isolated 
by traditional culturing. Once the ECM community has been characterized, it will be possible 
to compare communities within and between host species, within and between study sites in 
the same region, and between the two regions. Preliminary results will be presented. 
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More than one species of the genus Epulorhiza (Tulasnellaceae, Basidiomycota) can 


colonize orchid mycorrhiza in Chinese spiranthes 
Shohei Fujimori1*, Junichi P Abe1, Yuichi Yamaoka1 


 
1Faculty of Life and Environmental Sciences, University of Tsukuba, Japan 


 
Only one species of Epulorhiza, E. repens has been reported as a mycorrhizal fungus of 
Chinese spiranthes, (Spiranthes sinensis var. amoena) growing commonly in turf grasslands 
as a terrestrial orchid in Japan. During isolation of mycorrhizal fungi of this orchid, we found 
morphological differences among the Epulorhiza isolates and considered that taxonomic 
study on these isolates is necessary. 35 isolates obtained from single mycorrhizal peloton of 
either S. sinensis var. amoena f. amoena or S. sinensis var. amoena f. autumnus, collected in 
the campus of the University of Tsukuba. Morphologically, color of colony, width of hypha, 
shape of monilioid cell, number of branch and length of monilioid cells chain were compared. 
And molecular phylogenetic analyses were carried out based on the sequences of 5.8S and 
partial 28S rDNA (D1/D2). Four morphotypes were distinguished by the morphological 
characteristics on the moniliod cells and their chains. One of the types was identified as E. 
repens but the other three did not match descriptions of any species of this genus. The 
phylogenetic tree showed four clades. Each clade represented one of the four morphotypes. 
According to these results at least four species of Epulorhiza including three undescribed 
species are mycorrhizal fungi in Chinese spiranthes. Further, E. repens was isolated from 
both forms of Chinese spiranthes, but the other three species were only from one form. 
Regarding the interactions between these host plants and fungi, inoculation experiments using 
seeds of each host plant are needed to confirm the ability of these fungi for symbiotic 
germination. 
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Isolation of orchid mycorrhizal fungi from roots of the endangered orchid  


Cypripedium macranthum collected in two different regions of Korea 
JaeWook Choi1, Jae-Wook Choi1*, Han-Kyeo Han1, Ahn-Heum Eom1 


 
1Biology Education, Korea National University of Education, Korea 


 
Orchid mycorrhizal fungi (OMF) have a symbiotic relationship with orchid plants in that they 
supply nutrients to the host orchid. This study was performed to isolate OMF from the 
surface-sterilized roots of Cypripedium macranthum, an endangered wild orchid in Korea. 
Isolated fungal genomic DNA was extracted and the internal transcribed spacer (ITS) region 
was amplified using the ITS1-OF and ITS4-OF primer pair. In this study, only one species of 
OMF belonging to Tulasnellaceae was isolated from roots collected in two different regions: 
Tulasnellaceae species. Furthermore, growth characteristics of the fungal isolate on four 
types of media were measured and described. 
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Functional attributes of ectomycorrhizal fungi influence isotopic patterns in sporocarps 


Erik Hobbie1*, Jordan Mayor2, Niles Hasselquist2, Luke Nave3, Andrew Ouimette1, Matthew Vadeboncoeur1 
 
1Earth Systems Research Center, University of New Hampshire, United States 
2Department of Forest Ecology and Management, Swedish Agricultural University, Sweden 
3Biological Station, University of Michigan Biological Station, United States 


 
Carbon and nitrogen stable isotopes in ectomycorrhizal fungi may provide new insights into 
the functioning of specific taxa in terrestrial C and N cycling. Here, we assembled a global 
database of isotope measurements from ectomycorrhizal sporocarps to assess whether 
isotopic patterns vary with sporocarp C:N ratio, mean annual temperature, mean annual 
precipitation, fungal taxonomy (genus), exploration type, and hydrophobicity of 
ectomycorrhizae. A regression model with genus nested within exploration type and 
exploration type nested within hydrophobicity explained 33% and 47% of δ13C and δ15N 
variability, respectively. Of this explained variance for δ15N, the factors C/N, genus, 
exploration type, and hydrophobicity accounted for 38, 33, 15, and 9%; for δ13C, genus, 
exploration type, and C/N accounted for 46, 32, and 20% of variance. Climatic parameters 
did not correlate significantly with δ15N or δ13C. Because recalcitrant N compounds are 
higher in δ15N than labile compounds, we suggest that hydrophobicity of ectomycorrhizae 
correlates with enzymatic capabilities to access recalcitrant compounds. Climate has little 
influence on carbon isotopic patterns, perhaps because sporocarp fruiting responds to periods 
of high soil moisture when the δ13C of recent photosynthate across different sites may be 
broadly similar. Our analysis suggests that morphology reflects functional attributes and two 
fundamental strategies of nitrogen acquisition by ectomycorrhizal fungi, with one strategy 
focusing on soluble compounds directly available for uptake and a second strategy focused 
on using enzymatic capabilities to acquire nitrogen from insoluble pools. 
 
Keywords: exploration type, ectomycorrhizal fungi, saprotrophic fungi, organic nitrogen, 
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Molecular and ecological diversity of truffles in Europe 


Tine Grebenc1*, Niccolo G. M. Benucci2, Mitko Karadelev3, Gerard Chevalier4, Daniel Thoen5,  
Hojka Kraigher1 
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2Department of Applied Biology, University of Perugia, Italy 
3Institute of Biology, Ss. Cyril and Methodius University, Macedonia 
4TAUESG Group, France 
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The genus Tuber is the major genus of ectomycorrhizal fungi within Tuberaceae producing 
hypogeous ascocarps, many of which are highly much appreciated by gourmets, who eat the 
mature ascocarps and enjoy the distinct aromas of various truffles. The ecology and diversity 
of commercial species is well known. We attempted to analyse the ITS-based molecular 
diversity of the genus Tuber and its ecology focusing on poorly analysed area of south 
eastern Europe. The analysis revealed several cryptic genotypes, also in concordance with the 
species hypothesis paradigm (Koljalg et al. 2013), and with moderate correlation to their 
geographic distribution and the specific ecology. In particular several genotypes show limited 
geographic and narrow ecological distribution. Despite the fact, that Europe has a tradition of 
truffle studies and is regarded as a well-studied area, there are still emerging new species with 
distinct ecological and molecular characteristics. 
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Host plants of Astraeus species in the deciduous dipterocarp forest 
Sujinda Sommai1*, Umpava Pinruan1, Praser Srikitikulchai1, Sayanh Somrithipol1 


 
1Microbe Interaction Laboratory (BMIT) , National Center for Genetic Engineering and Biotechnology 
(BIOTEC), Thailand 


 
Life of rural population with low income depends on the forest byproducts, and Astraeus is a 
prominent one for consumption and sale. Astraeus cannot be commercially cultivated because 
of its ectomycorrhizal symbiosis with plant roots, especially the dipterocarp roots. The 
natural ecosystem with prominent Astraeus production is the deciduous dipterocarp forest 
with many dominant dipterocarp trees. Species as an ectomycorrhizal symbiosis between the 
dipterocarp species of this ecosystem and the Astraeus species is lack of study. The objective 
of this study is to examine the colonization of two Astraeus species with seedling roots of the 
six dipterocarp trees. Eight months after inoculation the seedlings with the Astraeus using 
spore suspension, seedling roots were examined for the histology of mycorrhizal formation. 
The results showed that seedling roots of six dipterocarp trees trees produced mycorrhizal 
formation of Astraeus. Mycorrhizal seedlings will be further planted in the natural deciduous 
dipterocarp forest to study the growth and development between Astraeus and its host plants. 
This study expects to yield the dipterocarp species as a suitable host of Astraeus species for 
further study and for rehabitatation of deciduous dipterocarp forest and increasing of the 
natural Astraeus production for rural communities. 
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Element contents in some wild Russula taxa from north-west forest of Black Sea region 


(Turkey) 
Hasan Dogan1*, Öyküm ÖZTÜRK2, MuradAydın ŞANDA1 


 
1Biology, Selcuk University, Turkey 
2Biology, Hacettepe University, Turkey 


 
Element contents were analysed in some wild Russula Pers. taxa (R. alutacea, R.aurora, R. 
brunneoviolacea, R. cyanoxantha, R. velutipes, R. virescens) from South Marmara region of 
Turkey by ICP-AES equipment. The element uptake levels were observed at different 
amounts in each Russula species. The highest Cd, Cu, K, and Mn concentrations were 
determined as 4.12, 39.9, 39.324 and, 296 mg.kg-1 in R. alutacea, respectively. R. 
brunneoviolacea has highest B, Cr and Ni concentrations as 26.51, 3.66 and 11.22 mg.kg-1 
respectively, whereas R. cyanoxantha has highest Fe, Mg, Na and S concentrations as 5201, 
3871, 769 and 3581 mg.kg-1 respectively. Although R. virescens has only the highest Mo 
amount as 0.78 mg.kg-1, on the other hand R. velutipes has highest Ca, P and Zn 
concentrations as 2082, 4557 and 83.2 mg.kg-1, respectively. In order to demonstrate 
possible spatial variations in element composition of Russula species multivariate analysis 
[both the cluster (CA) and principal components analysis (PCA)] were done. According to 
total element concentrations, R. alutacea, R. virescens and R. velutipes make one group while 
R. aurora, R. brunneoviolacea and R. cyanoxantha are in the other group. 
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Biomonitoring of radiocesium in wild mushrooms, lichens, and plant pathogenic fungus 


collected between Ibaraki and Fukushima Prefecture after the Fukushima nuclear 
accident 


Junichi P. Abe1*, Kentaro Hosaka2, Yoshihito Ohmura2, Taiga Kasuya3, Makoto Kakishima4 
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Agricultural University, China 


 
After one and half month of the nuclear accident in the Fukushima Dai-ichi Nuclear Power 
Plant (F1NPP) on 11 March 2011, we started to trace the 137Cs concentrations in mushrooms 
and lichens. These samples were mainly collected in Tsukuba city, Ibaraki Prefecture, 170 
km far from F1NPP. As for the mushrooms, some of the highest 137Cs conc. collected in 
Tsukuba city were recorded from Schizophyllum commune and Daedaleopsis tricolor. 
However, the concentrations from both species have quickly decreased within a few months. 
For example, the 137Cs conc. (Bq/kg dry weight) from D. tricolor collected from the same 
area were 9878 (26.4.2011); 5820 (9.5.2011); 420 (26.10.2011); 272 (9.10.2012); 215 
(7.10.2013). These indicate that the137Cs conc. found from these lignicolous mushrooms are 
mostly from the fallout, not from the substrate. At present, the concentrations in mushrooms 
tend to be decreased or reach near a constant level, but high 137Cs conc. in mycorrhizal fungi 
should be still considered. Regarding lichens, high 137Cs conc. were recorded from Physcia 
orientalis (35407 (7.8.2013)) growing on trunk of Zelkova serrata in Tsukuba city. The 
137Cs conc. In Dirinaria applanata and Phaeophyscia spinellosa growing on vertical faces 
decreased approx. 50% within a year just after the accident, which indicates radionuclides 
may have been washed off by rain. As to the plant pathogenic fungus, azalea leaf galls caused 
by Exobasidium japonicum were collected from different sites between Ibaraki and 
Fukushima in June 2012 and 2013. The result reveals that the 137Cs conc. in diseased leaves 
were more than twice as high as healthy ones from the same site. This suggests E. japonicum 
is chiefly due to hypertrophy of the host cells and can increase the 137Cs accumulation. 
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Soil, plants and arbuscular mycorrhizal fungi relationships in regrowth tropical forests 


Claudia Pandolfo Paz1*, Sandra Abell1, Miriam Goosem1, Susan Laurance1 
 
1School of Marine and Tropical Biology, James Cook University, Australia 


 
Secondary regrowth forests comprise large proportions of landscapes worldwide and have the 
potential to accumulate biodiversity and provide ecological services. The arbuscular 
mycorrhizal fungi (AMF) benefits to plant‘s performance are well known; however responses 
of AMF communities to tropical forest degradation and subsequent regeneration is still a 
topic of uncertainty. Hence, we are evaluating AMF communities and their colonization into 
roots along secondary forests in order to better understand below-ground processes that might 
the associated to forest regeneration and successional arrestment. We anticipate a greater 
fungi OTU (Operational Taxonomic Units) number in young forests, because pioneers tree 
species are supposed to rely more on AMF association compared to late-successional species. 
Alternatively, highly degraded soils may limit AMF colonization, affecting establishment of 
pioneer plants. Our study is being conducted in Atherton Tablelands, Northern Australia 
where secondary forests occur on two major soil types with ages ranging from 8 to 70 years 
since land abandonment. We have categorized 12 forests sites into young, old and uncleared 
rainforests (control) where a 50 m x 10 m plot was installed for data collection. Tree species 
>2.5 cm dbh were identified as well as soil texture, moisture, compaction, carbon and 
nutrients were measured to be correlated to AMF communities; which are based on DNA 454 
pysequencing - currently been processed. In the conference we expect to present the 
outcomes of this research and contribute to the understanding of secondary forest 
regeneration and the interactions among soils, plants and arbuscular mycorrhizal fungi. 
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Can host genotype influence richness and composition of fungal root-symbionts in 


Bistorta vivipara in high-arctic tundra? 
Pernille Eidesen1*, Sunil Mundra1, Håvard Kauserud2 


 
1Arctic Biology, The University Centre in Svalbard, Norway 
2Microbial Evolution Research Group (MERG), Department of Biology, University of Oslo, Norway 


 
We investigated richness, composition and spatial structures of root-associated fungi (RAF) 
in relation to host genotype in arctic tundra on fine spatial scales (3m X 3m), using the 
ectomycorrhizal (ECM), predominantly clonal herb, Bistorta vivipara. Recent investigations 
in the same plot have suggested high heterogeneity in these arctic RAF-communities, with no 
spatial structure down to distances of 30 cm, and weak relations to soil-and vegetation 
parameters. However, the RAF richness was associated with morphological features of the 
roots. As root morphology can be related to host genotype, genotype might be one of the 
shaping factors of these RAF communities. To examine this further, we used a microsatellite 
approach to genotype the host of the 79 plant root systems where RAF community already 
was determined using 454 pyrosequencing of ITS1 amplicons. Our results showed that 11 
clones, dividing into 7 genetic groups were represented within the plot, but there were no 
significant relations between plant genotype and morphological characters of the plant, 
including root parameters. Further, there were no significant relation between richness, 
composition or spatial structure of RAF communities and plant genotypes. Thus, host 
genotype does not influence richness, composition or spatial structure of RAF in B. vivipara 
in a high-arctic tundra environment. 
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The Mycological Society of America Student Section 


Jessie Uehling1*, Samantha Lee2, Catharine Adams3*, Mia R Maltz4, Danny Haelewaters5 
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5Farlow Reference Library and Herbarium of Cryptogamic Botany, Harvard University, United States 


 
The Mycological Society of America Student Section is a student-run group within MSA, 
which aims to (1) facilitate communication among all students of the Society, (2) provide 
opportunities for students to network with other individuals in their own research fields and 
beyond, and (3) connect student members of MSA with scientists performing cutting edge 
mycological research. Thus, the Student Section has the potential to inspire future 
collaborations. For this year’s annual meeting in East Lansing, MI, the Student Section 
organized the symposium “Fungal functional traits in a changing world,” to discuss both the 
evolution of selected traits and how key attributes of fungal taxa influence their environment 
and stress response. Functional traits are determinants for where fungi can live, how they 
evolve, and which other organisms they interact with. Recently, trait databases have been 
launched to centralize current knowledge on fungal traits, document functional diversity, and 
improve our understanding of how fungi develop and use functional traits to interact with 
their rapidly changing environments. This symposium provided an excellent opportunity for 
communication between members of the Student Section and the leaders in this field. The 
Student Section is open and inclusive, welcoming the participation of graduate students, 
postdoctoral researchers, and faculty(!) in building and pioneering this group. We hope you 
can join us at our future events. 
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Amanita mycophagy among the “true flies” (insecta: Diptera) 


Britt Bunyard1* 
 
1Editor, FUNGI Magazine 


 
The genus Amanita is well-known among the Basidiomycota for their typically large, 
showy, and ubiquitous mushroom fruitbodies. Additionally, the genus is infamous for 
being toxic to mammals that consume these mushrooms. While most species of Amanita 
probably are not toxic, a handful of species are responsible for 95% of the fatal 
mushroom poisonings in North America and they are feared worldwide. The mode of 
action of Amanita toxins in mammalian cells is well-known. Paradoxically, many 
disparate groups of invertebrate animals consume Amanitas, along with other 
mushrooms, with impunity. True flies (Insecta: Diptera) are among the most successful 
mycophagous animals; mycophagy has likely arisen many times within the order and is 
found in several families (Drosophilidae, Chloropidae, Phoridae, Mycetophilidae, 
Sciaridae, Tipulidae, Cecidomyiidae, and Platypezidae). Recently, tolerance to Amanita 
toxin (primarily α-amanitin) was elucidated in mycophagous species of Drosophilidae. It 
is not known how many other groups of Diptera have species tolerant to Amanita toxins 
and if the same mechanisms are involved as those in the Drosophilidae. The purpose of 
this study was to find out how widespread Amanita mycophagy is among species of 
Diptera and to determine if there are feeding preferences for or against members of 
“toxic” species (e.g. those in Sections Amanita, Lepidella, Phalloidae) and “nontoxic” 
species (e.g. those in Sections Caesareae and Vaginatae). 
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Auriculoscypha: a fascinating instance of fungus-insect-plant interactions 


Patinjareveettil Manimohan1* 
 
1Department of Botany, University of Calicut, India 


 
Fungus-insect symbioses provide challenging and fascinating systems for studying biotic 
interactions between fungi, insects and other associated organisms. The types of interactions 
among these organisms are often difficult to pigeonhole as mutualism, antagonism, 
parasitism or commensalism. A remarkable but little-known interaction involving a fungus, a 
coccid and some tree species in south-west India is presented here. The fungus involved is 
Auriculoscypha D. A. Reid &Manim. (Basidiomycota, Pucciniomycetes, Septobasidiales), a 
monotypic genus that seems to be endemic to south-west India. It is intimately associated 
with a coccid (soft scale) Neogreenia zeylanica belonging to the scale-insect family 
Margarodidae. Auriculoscypha and the associated coccid are seen on the bark of trees mostly 
belonging to the angiosperm family Anacardiaceae. The sap of the plant is fed by the coccid 
that in turn is parasitized by the fungus thus showing an indirect form of phytoparasitism 
involving interactions between three trophic levels. This account summarizes what is known 
about the interactions between Auriculoscypha, Neogreenia and their tree hosts. It also 
highlights the grey areas in these interactions. 
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Inoculation synergy of natural fungal complexes isolated from the intestine of  
Hepialus armoricanus larva 


Yuling Li1*, Yisang Yao2, Shaoli Ma1, Haifeng Xu1, Xin Liu1, Zimei Wu2, Jiashi Zhu3 
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2Biochemistry, Phx Beijing Research center, China 
3Applied Biology Chemistry Technology, Hong Kong Polytechnic University, China 
  
We have isolated 2 fungal strains (CH1, CH2) from the intestine of living larvae of Hepialus 
armoricanus. This study was to identify their genotypes and to examine the inoculation 
synergy of multiple fungal sources on H. armoricanus larvae, with using the microscopic 
morphology examination, PCR ITS sequencing for Paecilomyces hepiali and mutants of 
Ophiocordyceps sinensis with fungus-specific primers, cloning, SNP MALDI-TOF mass 
spectrometry genotyping techniques, and also inoculation on H. armoricanus larvae with 
combined fungal sources to examine the inoculation synergy. We found the morphologic 
characteristics of Hirsutella sinensis for both CH1 and CH2 strains, and ITS sequences of     
P. hepiali and multiple transition and transvertion mutants of O. sinensis (including H. 
sinensis). Repeated solid/liquid-phase cultures confirmed co-existence of fungi P. hepiali and 
H. sinensis. Inoculating H. armoricanus larvae with the Cordyceps sinensis ascospores and 
the H. sinensis conidia or mycelia resulted in an infection rates of 1.4-3.5% and the larvae 
died within 35-50days. Combined use of CH1, CH2 and the H. sinensis conidia as the 
infection sources increased the infection rate to 55.2% (15-39-fold increase in potency, 
p<0.001) and shortened the dying latency to 5-8days. In conclusion, P. hepiali and several    
O. sinensis mutants co-exist as a natural fungal complex in the intestine of H. armoricanus 
larvae. Combined use of the fungal complexes enhances the inoculation potency on H. 
armoricanus larvae. The inoculation synergy of multiple fungi on H. armoricanus larvae 
opens an avenue in studying the key step of development of the most valued TCM herb 
Cordyceps sinensis. 
  
Keywords: Hepialus armoricanus; Paecilomyces hepiali; Ophiocordyceps sinensis mutants; 
inoculation synergy; Hirsutella sinensis; natural Cordyceps sinensis 
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Ophiostomatoid fungi associated with two important conifer-infesting bark beetle 


species in northeastern China 
Runlei Chang1, Tuan A. Duong2, Stephen J. Taerum2*, Michael J. Wingfield1, Xudong Zhou3,  


Z. Wilhelm de Beer1 
 
1Department of Microbiology and Plant Pathology, FABI, University of Pretoria, South Africa 
2Department of Genetics, FABI, University of Pretoria, South Africa 
3Research and Development, Futura Gene Biotechnology, China 


 
The ophiostomatoid fungi include important forest pathogens and agents of blue strain in 
timber. Many of these fungi are vectored by bark beetles. In China, Ips subelongatus and Ips 
typographus cause serious damage on respectively larch and spruce trees. However, little 
research has been done on the fungi associated with these two bark beetles in that country. 
The aim of our study was to better understand the association between the ophiostomatoid 
fungi and I. typographus and I. subelongatus in northeastern China. A survey was thus 
conducted in Jilin and Heilongjiang provinces and ophiostomatoid fungi were isolated from 
the beetles and their galleries. Fungal isolates were identified based on morphology and DNA 
sequence comparisons from three gene regions (ITS, beta-tubulin and elongation factor 1-
alpha). In total 15 taxa, belonging to Ceratocystis, Leptographium sensu lato and Ophiostoma 
and including 3 potentially new species, were identified. Based on frequencies of occurrence, 
Grosmannia abieticola, G. piceiperda and Ophiostoma floccosum were the main associates 
of I. typographus, while O. breviusculum, O. brunneo-ciliatum and O. piceae were associated 
with I. subelongatus. Our results suggest that the fungal assemblages of these two beetle 
species in China differ from their associates reported in previous studies from Europe and 
Japan. A broader survey with more isolates is needed to further explore these differences and 
their meaning. 
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Fungi associated with disease and damage caused by weevils on Amaranthus cruentus in 


South Africa 
Marcele Vermeulen1*, SchalkvdM Louw2, Gert J Marais1, Wijnand J Swart1, Marieka Gryzenhout1 


 
1Department of Plant Sciences, Plant Pathology Division, University of the Free State, South Africa 
2Department of Zoology and Entomology, University of the Free State, South Africa 


 
Agronomic trials with Amaranthus cruentus are currently being conducted in central South 
Africa to establish grain amaranth as a commercial crop. Fusarium and Alternaria spp. were 
previously isolated from disease symptoms, weevils and associated with damage caused by 
weevils in A. hybridus. Knowledge of fungi threatening the health and safety of A. cruentus is 
needed to establish an integrated pest and pathogen management programme. The aim of this 
study was to conduct a disease survey and identify fungi associated with weevils and weevil 
damage in A. cruentus fields at Potchefstroom and Taung in central South Africa. Isolations 
were made from lesion margins, larval galleries of Hypolixus haerens, and lesions associated 
with Athesapeuta dodonis and Baris amaranthi. Associated weevil larvae and adults collected 
in the field were euthanized and plated out. Isolates were purified and identified to genus 
level based on morphology. Alternaria was predominantly isolated from leaf spots, while 
Fusarium species were isolated from root lesions in seedlings. Fusarium was by far the 
dominant group associated with weevil damage and lesions, including tunnels, larvae and 
adults. Cladosporium and Alternaria were also isolated from adults in significant numbers. 
Other fungi such as Botryosphaeria were detected from weevils and their tunnels in low 
numbers. Planned pathogenicity tests will shed more light on the potential of these fungi to 
cause disease on A. cruentus. 
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Role of garden filamentous fungi on the growth of the mutualistic cultivar of  


leaf-cutting ants 
Rafael Rodrigues da Costa1, Jaqueline Silva Pereira1, Lara Durães Sette1, Andre Rodrigues1* 


 
1Department of Biochemistry and Microbiology, UNESP - Sao Paulo State University, Brazil 


 
Leaf-cutting ants cultivate the mutualistic fungus Leucoagaricus gongylophorus for food. 
Besides the fungal partner, alien fungi are also found in the fungus gardens of these insects. 
Preliminary studies suggested that alien fungi also degrade the plant material present in the 
fungus garden, likely co-participating in the plant-degradation process along with L. 
gongylophorus. Here, we assessed the potential of garden filamentous fungi to modulate the 
growth of the mutualistic fungus. From a collection of 235 fungal strains isolated from 
fungus gardens, we selected two strains (Penicillium citrinum and Fusarium solani) which 
produced four target plant-degrading enzymes (endoglucanase, polymethylgalacturonase, 
polygalacturonase and xylanase). The strains were cultured in liquid media supplemented 
with the above biopolymers for seven days. After incubation, culture filtrates were inoculated 
with the mutualistic fungus to evaluate whether it grows in the hydrolysis products generated 
by P. citrinum and F. solani. The mutualistic fungus was kept in such media up to 30 days. 
Our results indicated significant differences on the growth of L. gongylophorus on the 
hydrolysis products of carboxymethylcellulose and xylan generated by the two strains in 
comparison to the control (Kruskal-Wallis, P< 0.05). By measuring the reducing sugars 
present in the culture filtrates, we observed that the mutualistic fungus consumed the 
hydrolysis products generated by P. citrinum and F. solani. The results suggest that alien 
fungi found in leaf-cutting ant gardens may be involved in the degradation of the plant 
material found in the fungus gardens, perhaps, releasing nutrients to the ant fungal cultivar. 
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A new genus of the Legeriomycetaceae obtained from larvae of the nymphomyiid fly 


Mai Suyama1*, Kensuke Seto2, Yuta Mashimo2, Yousuke Degawa2 
 
1Department of Botany, Kanagawa Prefectural Museum of Natural History, Japan 
2University of Tsukuba, SugadairaMontane Research Center, Japan 


 
The order Harpellales (Kickxellomycotina) is gut-living fungi of insect larvae. The members 
of Harpellales are found in mayflies (Ephemeroptera), stoneflies (Plecoptera) and especially 
flies (Diptera). Diptera was traditionally divided into two groups, Nematocera and 
Brachycera. Nine families of Nematocerahas been known as hosts of Harpellales. 
Nymphomyiidae is one of the most basal groups of Nematocera and its larvae are aquatic. 
During a survey of Nymphomyiidae larvae, a harpellalean fungus was detected. Their larvae 
were collected in the Kannariver, Gunma Prefecture, Japan. The fungus was detected in the 
hindgut of their larvae. As a result of precise morphological observation, this fungus had the 
following characteristics. Thalli were branched and septate. Trichospores were elongate-
ellipsoidal with a swollen midregion, 17.5-19.0 × 3.5-4.0 µm, with single appendage, without 
a collar. Zygospores were elongate-ellipsoidal, conically shaped at the apex, 23.0-26.5 × 4.5-
5.5 µm, with single appendage, without collar. Zygospores were formed homothallically. The 
present fungus belongs to Legeriomycetaceae because it has branched thalli. Zygospores of 
Harpellales are divided into four types based on their shapes and the positions in relation to 
the zygosporophores. Zygospore of the fungus was type IV. Four known genera of 
Legeriomycetaceae have type IV zygospores. The fungus resembles especially 
Dacryodiomyces, but can be distinguished from the latter based on its host, collar of 
trichospore and morphology of zygosporophore. So, the fungus is distinguished from any 
other known species in Legeriomycetaceae. Based on these facts, we consider that a new 
genus should be proposed for accommodating this new fungus. 
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Fungal community analysis of Termitomyces clypeatus fungus garden and its fungus-
growing termite, Hypotermes makamensis 


Prapapan Sawhasan1*, Jeerapun Worapong2, Taworn Vinijsanun1 
 
1Agricultural Science Program, Mahidol University Kanchanaburi Campus, Thailand 
2Department of Biotechnology, Faculty of Science, Mahidol University, Thailand 


 
The fungal communities of Termitomyces clypeatus comb and termite, Hypotermes 
makhamensis, were examined to delineate whether fungi other than T. clypeatus interacting 
with this symbiosis using high resolution melt (HRM) analysis and polymerase chain reaction 
clone libraries. HRM analysis of internal transcribed spacer (ITS) ribosomal DNA and 18S 
rDNA were amplified by two pairs of ITS primers (ITS1/ITS4 and NSA3/NLC2) primers and 
two pairs of 18S rDNA primers (EF3/EF4 and nu-SSU-0817/nu-SSU-1536) whereas library 
of each type for the symbiotic fungus comb and the termite host was generated by two pairs 
of the same ITS primers (ITS1/ITS4 and NSA3/NLC2) and a pair of 18S rDNA primer 
(EF3/EF4). Results of the HRM analysis and fungal clone libraries supported previous 
reports that the active T. clypeatus comb contained only a monoculture of Termitomyces. As 
expected, termite host were dominated by the same Termitomyces found in the active garden. 
Based on BLAST search, unique sequences from the NSA3/NLC2 clone library of the termite 
host revealed that these majority non-Termitomyces fungi were putatively novel species in 
Ascomycota. 
 
Keywords: Fungal community, fungus comb, HRM analysis internal transcribed spacer 
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Diversity of arbuscular mycorrhizal fungi in rubber tree rhizospheres along a 


chronosequence in Northeastern Thailand 
Laetitia Herrmann1, Lambert Bräu2, Maarja Öpik3, Henri Robain4, Wanpen Wiriyakitnateekul1, Agnès Robin5, 


Didier Lesueur6* 
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Rubber tree (Hevea brasiliensis) is a crop of major socio-economic importance in Southern 
Asia as it represents a substantial source of income for small holders. In Thailand (1/3 of 
world latex production) rubber tree plantations are currently expending in adverse eco-
climatic zones, especially in Isan provinces, where soils have sandy texture, low fertility and 
are prone to erosion and leaching of applied fertilizers. A major potential for increased 
production in such conditions relies on the important roles of rhizosphere microbial 
communities in supporting soil fertility and plant nutrition. In particular, root-interacting 
arbuscular mycorrhizal fungi (AMF) contribute to plant P nutrition by increasing mineral 
nutrient availability and by enhancing plant nutrient uptake. The diversity of AMF in roots 
was assessed by 454 sequencing of SSU 18S rDNA along a chronosequence of rubber tree 
plantations (3, 6 and 16 year-old) and compared to cassava fields. A total of 113 virtual taxa 
(VT) were identified in the samples. AMF communities in cassava roots were twice as rich as 
in rubber tree samples. AMF diversity was not affected by the age of rubber trees, but was 
related to the soil P content. The improved understanding of the diversity of root-associated 
microbes will contribute to the development of alternative sustainable practices to improve 
and sustain soil fertility. 
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A filamentous fungus grown on the surface of iron-coated rice seeds sown directly 


under flooded conditions 
Shinsuke Mori1*, Hiroyuki Sekiguchi1, Kimiyasu Takahashi1, Hiroshi Fujimoto1, Akinori Okabe1,  


Koji Nomiyama1, Hideki Osaki1, Keisuke Tomioka1 
 
1Western Region Agricultural Research Center, National Agriculture＆Food Research Organization, Japan 


 
In cultivation of rice (Oryza sativa L.), direct sowing of iron-coated seeds into flooded paddy 
fields has generated considerable attention as an alternative method to the traditional 
transplant method (Yamauchi, 2002). It is useful for reducing bird damage, the number of 
floating seedlings and seed-borne diseases as well as less labor and cost in the cultivation, 
and being widely applied in rice paddy fields in Japan. We found that a pinkish brown algae-
like organism often developed on the surface of iron-coated rice seeds (cv. Koshihikari) 
directly sown in our trial paddy fields located in Fukuyama City, Hiroshima Prefecture, 
Japan. When twenty iron-coated rice seeds sown into flooded pot with the trial field soils 
were incubated in an artificial climate chamber controlled at 30ºC under 14 h light (10 h 
darkness), growth of the algae-like organism was confirmed. A filamentous fungus was 
repeatedly isolated from the organism, and it seemed to be the main body of the organism. 
The fungus was identified as Fusarium sp. because representative isolates of the fungus 
obtained by single-hyphal or single-spore isolation abundantly produced macroconidia, 
typical of the genus, on potato dextrose agar. No microconidia or teleomorphs were found. 
Poor seed germination and/or seedling establishment are known to be sometimes observed for 
iron-coated rice seeds directly sown in flooded paddy fields in Japan. In future, we will 
investigate relation of the present fungus with those troubles, as well as its basic, mycological 
characters including species identification. 
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The fungal composition of protective dark biofilms on wood 
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Dark fungal growth often occurs on wood exposed outdoors and above the ground. Mostly it 
is unwanted, but research on the development of protective dark biofilms on oil treated wood 
(US20040581157, 20041201, TNO) embraces the dark mould growth. The determination of 
the microbial composition of different dark stained surfaces is a first step in revealing the 
growth mechanism of dark moulds on wood surfaces. Previous results indicated 
Aureobasidium to be the dominant fungus in biofilms on raw linseed oil treated wood. In this 
study several wood specimens containing dark biofilms were selected for the analysis of the 
mycobiota composition. Pine sapwood specimens were impregnated with olive or raw linseed 
oil and exposed outdoors for 1.5 year in order to generate specimens with a biofilm. Exposed 
untreated specimens were used as control. The presence of biofilms was determined with 
microscopic analysis. With in vivo culturing and DNA based techniques the microbial 
composition was explored. The culturing method consisted of swap sampling and incubation 
of a serial dilution of these samples on agar plates, followed by colony counts and 
classification of macroscopically identical colonies. Direct DNA isolation followed by ITS 
specific PCR cloning and sequencing of biofilm material was used as the DNA-based 
technique. With both methods, the presence of Aureobasidium could be demonstrated. 
However, only in specimens treated with raw linseed oil the DNA-based technique showed 
Aureobasidium to be the dominant species, whereas the results of the other samples and of 
the culturing technique showed other species to be mostly present. 
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Observing growth in podetia of Cladonia portentosa using 3-dimensional X-ray  


micro-computed tomography 
James Stratford1*, Craig Sturrock2, Peter Crittenden1 
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Growth patterns in mat-forming lichens remain poorly understood. This is primarily due to 
the complexity of the three dimensionally branched thalli which renders simple 
measurements difficult to perform. In this study we use X-ray micro-computed tomography 
(CT) to non-destructively image and quantify changes across time in the common heathland 
lichen Cladonia portentosa. Single podetia were allowed to grow at a heathland site and were 
briefly returned to the laboratory for sequential scanning at time intervals of 2–3 months. We 
measured thallus surface area and volume, branch bifurcation ratio, rate of new branch 
addition, relative growth rate (RGR) and unit “leaf” rate (ULR). Both mass increment and 
branching were found to occur throughout the year but on different schedules; RGR peaked 
in spring while branching rate was maximal in summer. The total numbers of branches and 
nodes change simultaneously, maintaining a bifurcation ratio of 2 with the number of 
branches and podetium mass increasing by 44% and 36%, respectively, during the first 12 
months of the study. Branching activity as well as volume and surface area increases are 
concentrated into a 20mm photic zone at the top of the podetium. The work improves 
understanding of growth in C. portentosa and also demonstrates the utility of X-ray micro-CT 
for measuring changes in dynamic living structures with exquisite precision. 
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An investigation of arsenic resistance in fungi from tin-mining soils and the possible 


interactions between arsenic and antimony 
Wai Kit Chan1*, Hemda Garelick2, Dirk Wildeboer2, Diane Purchase2 
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There is increasing interest in the study of fungi that inhabit extreme environments that can 
provide new biotechnological applications in treating contaminated land. Fungi are versatile 
biosorbents as many can tolerate extreme levels of metal concentration, nutrient availability, 
pH and temperature. Since antimony (Sb) and arsenic (As) are metalloids belong to the 
Group 15 in the periodic table and having chemical similarities, it is hypothesised that arsenic 
might interact with antimony in soils. Therefore, there is a need to understand t he interaction 
between these elements. In this work, soil samples were collected from Geevor Tin Mine in 
Cornwall and analysed using ICP-OES acid digestion method The total metal of As and Sb 
were found in high concentrations of 18970 ± 227.0 mg/kg and 196.57 ± 1.91 mg/kg in 
extremely acidic soil pH of 1.13. The fungal strain was isolated from the most polluted and 
acidic soil sample and based on phenotype and nuclear ribosomal DNA sequences (ITS 
region, SSU, LSU), the isolate was identified as Acidomyces acidophilus. The minimum 
inhibitory concentrations (MIC) of As to the fungal strain in Czapek Dox agar and broth were 
22500 ppm and 20000 ppm respectively. The MICs of Sb to the fungal strain in both solid 
and broth were 800ppm. This arsenic-tolerant fungi isolate will be examined for its As 
remediation capabilities and efficiencies in the presence of antimony. Identifying the 
biomarker involved in the remediation process will provide a better understanding on the 
mechanisms of fungal arsenic bioremediation. 
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Polymorphic, genetically diverse, and yet only one species: Hortaea werneckii 
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The black yeast Hortaea werneckii (Capnodiales, Ascomycota) was primarily known among 
medical mycologists as the causative agent of tineanigra – a superficial infection on human 
palms and soles, occurring mainly in tropical and subtropical regions. Although it was 
categorised as BSL-2 microorganism, it's pathogenic potential has not been clearly 
understood, since it was considered unable to grow at 37 °C and at these conditions displayed 
no keratinolytic activity. Hortaea werneckii was one of the first fungi described in natural 
hypersaline environments, and later it became known as the dominant fungus present in brine 
in salterns worldwide. Since it is extremely halotolerant, growing in culture media without 
and up to 30 % of NaCl, it became the main model organism for the study of halotolerance in 
Eukarya. Genome sequencing of H. werneckii by Lenassi et al. in 2013 revealed entire recent 
genome duplication. We compared morphological, physiological and genetical variabilities of 
numerous isolates originating from geographically diverse hypersaline environments as well 
as from tineanigra. Almost all strains grew in the range of 0 to 25 % NaCl, some were able to 
grow at 37°C only with the addition of NaCl and all showedextreme morphological diversity 
as a response to environmental factors as e.g. different salinities. The comparative 
phylogenetic analysis of nucleotide sequences of elongation factor 1 alpha, ITS and LSU 
rDNA regions suggests the existence of at least two separate genotypes within H. werneckii. 
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Isolation of airborne fungi and their ability to grow on formalin-fixed human cadavers 
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Airborne fungi are one of the causes of contamination on food, cloth, equipment, furnishing 
and buildings. Some of them produce mycotoxins that invoke acute and chronic diseases in 
animals and humans. After Thailand suffered from major flooding in northern and central 
regions in 2011, the problem of fungal contamination became a problem. This study reported 
here aimed to isolate fungal species from air and formalin-fixed human cadavers in the gross 
anatomy laboratory, Srinakharinwirot University, Nakhon Nayok, Thailand, and determine if 
contamination on the formalin-fixed human cadavers came from airborne fungi. All isolated 
fungal strains were identified by using morphology and molecular techniques. Seventeen 
fungal strains were found in the air. Penicillium species were the most commonly isolated 
with four species found (Penicillium calidicanium, P. oxalicum, P. verruculosum and 
Penicillium sp.). Aspergillus japonicus, and A. niger were also found. Other species isolated 
included Alternaria solani, Cladosporium colocasiae, Diaporthe sp., Hyphodermella 
corrugate, Hypocrea lixii, Peniophora sp., Phlebiopsis gigantean, Pseudocercospora pallida 
and Trichoderma atroviride. Penicillium oxalicum and Cladosporium colocasiae were the 
only species on formalin-fixed human cadavers, and recorded for the first time on formalin-
fixed human cadavers. These results indicate that some airborne fungi can be contaminate on 
formalin-fixed human cadavers, and shows their ability to tolerate 10% formalin or 4% 
formaldehyde water solution. 
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Influence of the radiation of cultured mycobionts of lichens 


Yui Kobayashi1*, Masakazu Furuta2, Kojiro Hara1, Masashi Komine1, Yoshikazu Yamamoto1 
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Cultured lichen mycobionts produce unique secondary metabolites. Now, about 500 culture 
strains of lichen symbionts were maintained in our laboratory. We investigate to find 
pharmacological activities of lichen mycobionts. Radiation is expected to change secondary 
metabolism via DNA modification; consequently, new metabolites may be obtained. 
Therefore, we here report on influence of the radiation to growth and secondary metabolites 
of cultured lichens mycobionts. Forty cultures of mycobionts were employed for screening of 
tolerance against gamma irradiation. Each cell-aggregate of cultured mycobionts and 
incubated on Malt-Yeast extract medium at 20ºC; one week later they were irradiated at a 
dose rate of 5.19 kGy/h in a 60Co irradiator to total dose of 2, 4, and 8 kGy, and incubated 
for 4 weeks. The cell-aggregates were removed from agar-plates and weighed. The weights 
of the irradiated samples and the control were represented as W and Wc, respectively. Each 
relative growth index (RGI = W x 100/Wc) was calculated. Acetone extract was obtained by 
the treatment of the half of each freeze-dried cell-aggregate and was analyzed by HPLC with 
a photodiode array detector. The amount of each constituent in controls of all tested 
mycobionts was compared with that in irradiated samples. Twelve cultures were not counted 
because of the low growth of their control. Tolerant mycobionts showing over 120 of RGI 
were about 32% at 2 kGy, 14% at 4 kGy and 10% at 8 kGy. The amounts of 80% of 
constituents were changed by irradiation. 
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Effect of water activity and relative air humidity on the growth of fungi isolated from 


living quarters 
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Studying the conditions of propagation of micromycetes in living quarters is very important 
due to the diverse influence of fungi on human health. The availability of water is the key 
factor limiting the growth of micromycetes. The effect of water activity (aw) and RH on 
germination and growth of the fungi isolated from living quarters of Moscow city was 
studied. Following species were tested: 1) 10 dominants, Alternaria alternata, Aspergillus 
repens, A. sydowii, A. versicolor, Cladosporium cladosporioides, Penicillium chrysogenum, 
P. cyclopium, P. glabrum and one rare species, Trichoderma viride, 2) two spices which form 
associations with house dust mites, Aspergillus penicillioides, Wallemia sebi, 3) frequent 
food contaminant Mucor racemosus. Solid media with aw values from 0.99 to 0.65 and house 
dust at RH from 99% to 65% were used. All examined fungi except T. viride were able to 
undergo a complete life cycle A. alternata, A. sydowii, A. versicolor, C. cladosporioides, P. 
chrysogenum, P. cyclopium, P. glabrum appeared to be xerotolerant due to their ability to 
germinate at 0.99-0.85 aw and 99%-85% RH with preference of 0.99 aw and 99% RH. M. 
racemosus, T. viride are hygrophiles incapable to grow at aw below 0.95, and A. repens, A. 
penicillioides, W. sebi are xerophiles, which grow at 0.99-0.75 aw and 99%-75% RH, 
preferring 0.95 aw. We conclude that research of the influence of aw and RH on micromycete 
growth is necessary for planning preventive measures. 
Keywords: Water activity, relative air humidity, micromycetes, house dust, human health 
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Basidiomycetous yeasts in hexose nectars of ornitophilous plants 
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Floral nectar is a delicious reward for pollinators but an extreme environment for 
microorganisms. Due to high sugar concentrations in these temporally and spatially 
fragmented habitats, fermenting osmophilous and fast growing ascomycetes are regarded as 
exclusive fungal specialists. Nonetheless, the diversity of frequently isolated nectar borne 
yeasts is more comprehensive and factors driving species abundances and compositions have 
not been identified so far. In this study, we linked the yeast species abundances in floral 
nectars of various host plants on the Canary Islands to nectar traits and flower visitors, to 
estimate the structuring impact of pollination syndromes on yeast diversity. The overall yeast 
diversity in this study is consistent to former studies, but additionally incorporates 
basidiomycetous yeasts in unexpected high abundances. These basidiomycetes are 
significantly associated to hexose-dominant nectar. Specialized ascomycetes dominate 
sucrose-dominant nectars, but are surprisingly rare in nectar dominated by monosaccharides. 
We conclude that a shift of floral visitors towards ornitophily on the Canary Islands alters the 
likelihood of yeast inoculation into flowers and that hexose-dominant nectar promotes the 
colonization of basidiomycetes. In this floral system, basidiomycetes should therefore be 
acknowledged as serious members of nectar dwelling yeasts. 
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Ectomycorrhizal fungal communities associated with Quercus dentata in coastal 


broadleaf forest 
Hiroki Arai1*, Yutaka Tamai1, Takashi Yajima1, Toshizumi Miyamoto1 
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Coastal forest is exposed to conditions of high salinity and drought stress. Plants alleviate 
these stresses by forming mycorrhiza, and survive such a harsh condition. Quercus dentata is 
one of the most common species of coastal forest in northern Japan. The present study 
examined the ectomycorrhizal (ECM) fungal communities and vegetation growing on the 
shoreline and inland in a coastal broadleaf forest. Herbs began to appear at 100 m from the 
shoreline, and herbs and shrubs were dominant up to 300 m inland. More than 300 m inland, 
broadleaf trees such as Q. dentata became dominant. An almost pure Q. dentata stand formed 
in the area closest to the shoreline; however, the frequency of other tree species increased, 
and the density of Q. dentata gradually decreased, as the forest moved inland. In the areas 
that were furthest inland, Q. dentata, Q. crispula, Acer mono, and Tilia japonica were equally 
dominant. Five sampling plots (each 20 × 20m) were set in the forest every 100 m and soil 
cores (including the fine roots of Q. dentata) were sampled in each plot. The total ECM 
colonization rate was > 98% in each sampling plot. Morphological characterization and DNA 
sequencing of the root tips identified six taxa (Tomentella sp., Russula spp., Tricholoma sp., 
Hebeloma sp. and Boletales sp.). Tomentella sp. was dominant in the plot near to the 
shoreline, but gradually decreased inland. 
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The influence of mercury on phylloplane fungal communities of Vaccinium corymbosum 
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Plant surfaces directly interact with atmospheric mercury and contribute to mercury 
accumulation and release during decomposition. Our study targets the effect of Hg on the 
phylloplane fungal community and impact on leaf litter decomposition. Hg deposition was 
simulated by applying known concentrations of HgCl2 in a water solution by pipette to 
individual leaves of blueberry plants (Vaccinium corymbosum). The concentration of the 
solutions provided the three treatment levels (n=3), a control (0X), ambient Hg concentration 
(1X) four times higher than ambient levels (4X). Fungal community composition was 
assessed by culturing and molecular profiling during the growing season. Leaves with high 
Hg levels had significantly greater diversity than control. Mycelial growth rates were 
significantly decreased by increasing Hg concentration, differed in rate and trajectory 
between species at different Hg levels. The outcome of pairwise competitions could not 
always be predicted from growth alone and were Hg concentration dependent. At leaf-fall, 
leaves were collected and litter bags (0.7g leaf material) were deployed in the forest to 
determine the impact of Hg on decomposition ratesLeaves with high Hg applications 
decomposed more rapidly than control leaves. 
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Fungi along a chronosequence of abandoned agricultural land 
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The flow of carbon through the soil food web is crucial for the functioning of terrestrial 
ecosystems. Present models predict that soil borne fungi and bacteria are the main drivers of 
the energy flow in soils, and that the relative importance of the channels depends on the land 
usage. We tested these concepts and the impact of land use changes on soil fungal 
biodiversity in semi natural grasslands. Since the Middle Ages species-rich, semi-natural 
grasslands and heathland systems had an important role in early agriculture. After the 
intensification of agricultural practice, land use change and increased levels of atmospheric 
nitrogen deposition, the distribution of species-rich grasslands and heathlands declined 
dramatically in the twentieth century and they are now regarded an internationally 
endangered habitat type, which urgently need restoration and conservation. A 
chronosequence of former agricultural lands in different stages of land abandonment 
provided an ideal setting to study soil biodiversity and function in a gradient of human 
impact. We hypothesized that the role of fungi in soil processes increases with increased time 
since agriculture and this would have further consequences to the soil functioning. In order to 
track the carbon and study active soil communities in these systems, intact soil cores were 
pulse labeled with  13CO2. Concomitantly, the network of interactions between soil organisms 
was established using next-generation sequencing techniques. As hypothesized, the role of 
fungi was greater in long-term abandoned fields which led to increase in the number and 
significance of the links between organisms. 
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Linking local-scale diversity changes in ectomycorrhizal fungal communities with 


functional traits: a case study from long-term warming experiments in Arctic Alaska 
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We studied the effects of long-term summer temperature increase on the ectomycorrhizal 
(ECM) fungal communities in Arctic Alaska. We sampled soil from two tundra types, dry 
and moist tussock, and generated ca. 4 million reads of rDNA ITS2 using Ion Torrent 
sequencing. Our results show that the ECM fungal communities in the moist tussock tundra 
are dominated by the genus Cortinarius (53 out of 164 ECM OTUs), while Tomentella was 
the genus with the highest diversity of OTUs (80 out of 222) in the dry tundra. Our results 
indicate that in the moist tussock tundra there was a significant decrease in the richness of 
OTUs affiliated with species of the contact/short-distance with hydrophilic hyphae and the 
long-distance with hydrophobic rhizomorphs due to warming. Regarding the OTUs affiliated 
with species with medium-distance exploration type, OTU richness also decreased due to 
warming, but in a non-significant manner. In the dry tundra, the different exploration types 
were not significantly influenced by the long-term warming experiment. We raise several 
hypotheses, based on the most recent theories about the characteristics of extramatrical 
mycelia (EMM) to contextualize the observed patterns in the ECM fungal communities in the 
Arctic, and the roles these changes may play in the future functioning of these altered 
ecosystems. 
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Introduction to the ClimFun project: climate change impacts on fungi 
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The ClimFun project (Climate change effects on the Fungal ecosystem component) 
investigates the impacts of climate change and variability on fungi from the local to 
continental scale. We are an international team of scientists spanning more than eight 
countries across Europe and North America. The ClimFun project has accumulated a wealth 
of long-term, highly detailed fruitbody datasets - from at least nine European countries - that 
we will utilize to study how decades of recorded fruiting has been affected by climate 
variability. Our goals are to study these impacts across a range of spatial and temporal scales, 
providing a comprehensive understanding of fungi and climate change. We wish to raise 
awareness of the ClimFun project in order to promote collaborative, open-access research. 
We further aim to highlight the importance of long-term datasets in the fields of global 
change biology and fungal ecology. Our first major project is to introduce the datasets, as 
well as the scientists responsible for the data, to the scientific community. We then describe 
data mining processes involved in combining datasets from varied resources. We highlight a 
sampling of cosmopolitan fungal taxa across a range of ecologies, and present their responses 
to climatic variation over time. Broad impacts in fruiting occur by fungal ecology and 
climatic variability. Finally, we provide information on future research projects scheduled by 
the ClimFun team. 
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Effect of increased snow-depth on soil fungal community composition and temporal 


dynamics in high Arctic tundra 
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Various climate models suggest increase in winter precipitation in the Arctic. This may lead 
to deeper snow cover, delay in snow melt, soil warming and increased biological activity. 
Summed effects may potentially be large, on biogeochemical cycling and the functioning of 
Arctic soil ecosystems where one seventh of the global soil carbon pool is stored. Soil fungi 
are important decomposers of organic matter, with specific importance for the slower and 
longer term decomposition of the more resistant soil C pool. However, how high Arctic soil 
fungal communities will respond to increased winter precipitation is not well understood. 
This study aims at investigating the influence of snow-depth on soil fungal communities and 
their temporal dynamics, using an experimental setup with six replications of both snow-
fence treatments (snow-depth approx. 150cm) and unmanipulated controls (snow-depth 10–
35cm). The experiment was established in 2006 in Adventdalen (78°N). In each treatment 
replication a 0.5mx.5m plot was designated for collection of 5cm soil core, weekly (20 July-
20 September 2012). Cores were divided into 0–2cm and 2–5cm sections. Fungal 
communities were determined using illumina sequencing. A range of soil characteristics were 
also measured. Here, we present relationships between fungal community structure and the 
snow-cover. A specific focus is on relationships between fungal species richness and biotic 
and abiotic factors. The vertical distribution of fungi and temporal variation in distribution 
patterns are also analyzed. 
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Distribution and affecting factors of rhytismataceous fungi on Camellia japonica leaf 


litter in Japan 
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Three Rhytismataceous fungi (Coccomyces sp., Lophodermium jiangnanense, and 
Rhytismataceae sp.) are known as major lignin decomposers of Camellia japonica leaves in 
Japan. Camellia japonica is widely distributed across subtropical, warm- and cool-template 
zones in Japan. However, distribution of these fungi in Japan and possible factors affecting 
the distribution are still unknown. In this study, we investigated the species composition and 
abundance of Rhytismataceous fungi on C. japonica leaf litter across Japan. Since the fungi 
produce bleaching portions and zone lines on the border of the bleaching portions produced 
by the different species, bleaching portions divided by zone lines were recognized as colony 
areas of each species. As a result, Coccomyces sp. distributed all sites investigated widely. On 
the other hand, Lophodermium jiangnanense was restricted in southeastern region, that was 
characterized by much precipitation and high temperature in early summer. Rhytismataceae 
sp. localized around Kanto district in warm-template zones. Coccomyces sp. was dominant in 
most of the sites. However, when L. jiangnanense abundantly colonized leaves, Coccomyces 
sp. was not dominant. It suggested that competition between the species using similar 
resources. 
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Bioclimatic models estimate areas of suitable habitat for Armillaria solidipes in 


Wyoming 
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Armillaria species range from beneficial saprobes to damaging root pathogens, and their 
ecological roles and impacts vary with environment and host. Armillaria solidipes (= A. 
ostoyae) causes tree mortality and significant growth loss in coniferous forests of Wyoming 
and throughout the world. For Armillaria root disease management, it is important to identify 
species involved and predict their current and potential distributions. The study objective was 
to identify forest areas at potential risk to disease caused by this pathogen, based on climatic 
conditions and known occurrence of A. solidipes. DNA-based identification and 19 location-
specific climatic variables were used to develop models to predict areas suitable for the 
occurrence of disease caused by A. solidipes. Maximum entropy distribution models were 
based on 1) 39 locations of A. solidipes only in Wyoming, and 2) 320 locations throughout 
western North America. These models will be used to predict geographic distribution of 
suitable habitat for A. solidipes under predicted current and future climates. This information 
will contribute to habitat-specific management strategies for reducing impacts of this 
important forest pathogen. 
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Patterns and processes in fungal endophyte ecology – studies in optimal and extreme 
habitats of European Beech to reveal the underlying principles 
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The European Beech (Fagus sylvatica) is one of the most important tree species in Central 
Europe. However, still little is known about its associations with micro- and macroorganisms 
in time and space: In particular the leaf-inhabiting endophytic fungi may impact the response 
of the ‘holobiont beech’ to climate change. In October 2013 a DFG-funded research project 
was launched to assess diversity patterns of beech-leaf-inhabiting endophytes (UN 262/9-1) 
and their role in litter decomposition (PE 1673/4-1) under different climatic condition. Two 
experimental field sites were established in the German Alps; one close to the upper beech 
tree line and the other in a temperate valley. Two-years old, identically grown trees were 
planted to minimize parameters not in focus of the study. The project aims to decipher the 
influence of climate on fungal litter decomposition processes and on the development of 
fungal communities in both beech litter and living beech leaves. Local weather data as well as 
comprehensive data on plant fitness, leaf and litter biochemistry are continuously assessed 
and provide the background for the central metabarcoding and metatranscriptome analyses. 
The integrative analysis of a broad spectrum of data allows for causal connection of causes 
(altitude) with observed patterns (gene expression, composition and succession of fungal 
communities) and processes (litter decomposition). Finally, microarray gene expression 
experiments should bridge the gap between taxonomic and functional diversity by analysing 
metabolic adaptations of decomposer fungi with an endophytic life stage on the transcriptome 
level. 
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Endophytic fungi inhabiting plant parts of Cinchona ledgeriana growing at Cibodas 


Botanical Garden and Research Institute for Tea and Cinchona, West Java Province, 
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Assemblages of endophytic fungi were investigated from living tissue of quina plant 
(Cinchona ledgeriana Moens, Rubiaceae) growing at Cibodas Botanical Garden (CBG) and 
Research Institute for Tea and Cinchona (RITC), West Java Province, Indonesia in order to 
reveal endophytic fungal biodiversity and their functional role. The quina plant is an 
economical important plant in which tannin, chinic acid, quinine and quinidine are contained. 
Those are used as malaria medicine. In this study, totally 521 strains of endophytic fungi 
were isolated from 1200 living tissue segments of the quina plant growing at two sampling 
sites. Plant samples consisted of healthy and fresh material of lamina, petioles, stems, and 
barks from five representative quina trees. Analysis of ITS rDNA sequences revealed 27 and 
22 tentative fungal taxa from CBG and RITC, respectively. Among the isolated endophytes, 
Colletotrichum and Phomopsis were isolated in high colonization frequency, above 30% on 
lamina and petioles samples. The total colonization frequency of endophyte were high 
exceeding 80% on lamina and petioles samples, but in low frequency less than 40% on barks 
samples. From both of sampling sites, among plant parts, barks samples have the lowest 
colonization frequency and fungal diversity. The highly content of quinine and other 
secondary metabolites in quina bark may lead to inhibit endophyte growth. 
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Assemblage of fungal endophytes in Cymbopogon grass species in the grasslands of 


Karnataka, India 
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The Cymbopogon grass is one of the important tall grass species distributed in some 
grasslands grown naturally in India. It produces many bioactive compounds including 
citronella oil used for many medicinal purposes. Association of endophytic fungi in this grass 
has been investigated for possible source of bioactive metabolites. Four species of 
Cymbopogon were enumerated for the isolation of fungal endophytes. Fungi were isolated 
from symptomless leaf, root and stem segments collected from different grasslands in 
Karnataka. Cymbopogon plant specimens were processed for the presence of endophytic 
fungi after a thorough sterilization using Ethyl alcohol and Sodium hypochlorite solution. 
The fungi were isolated and identified based on the morphology of the fungal culture and 
characteristics of the spores. Overall 58 percent of colonization rate from surface sterilized 
tissues were recorded. About 47 different fungal taxa were isolated from that 28 species were 
identified, and were grouped into Ascomycetes (58%), Basidiomycetes (2%). And remaining 
19 taxa were grouped as mycelia sterilia (40%). The result indicated that some of the 
dominant endophytic taxa (viz., Curvularia lunata, Fusarium oxysporum and Alternaria 
alternata) isolated in this study colonize on different species of Cymbopogon. They also have 
high colonization rate Periconia paludosa, Wardomyces anomala, Phoma sp., Verticillium 
albo-atrum and Trichoderma viride were observed in fewer isolates of the grass samples. 
 
Keywords: Cymbopogon, diversity, endophytic fungi, grasslands 
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Diversity and biogeography of fungal endophytes in roots of the non-mycorrhizal plant 


Microthlaspi perfoliatum 
Kyriaki Glynou1*, Marco Thines1, Ali Tahir2, Jose Gaspar Maciá-Vicente1 


 
1Institute of Ecology, Evolution and Diversity, Goethe University Frankfurt, Germany 
2Biodiversity and Climate Research Centre, Goethe University Frankfurt, Germany 


 
Fungal endophytic communities are known to vary across environmental conditions and 
hosts, but the dynamics and significance of these changes are still poorly understood. In this 
work we studied how root endophytic communities' diversity and structure are modulated 
across different environments, in order to assess possible ecological roles of specific 
endophytes interacting with their host plant. The plant Microthlaspi perfoliatum is a suitable 
host for such studies due to its widespread distribution and its lack of mycorrhizal 
associations. We sampled roots from 51 European populations of M. perfoliatum in diverse 
locations across seven countries, and studied their root endophytic communities using a 
cultivation approach. All samples displayed colonization by endophytic fungi, yielding 
approximately 2,000 isolates that we characterized via sequencing of the rDNA internal 
transcribed spacer region and subsequently grouped into operational taxonomic units (OTUs). 
Most isolates could be assigned to the phylum Ascomycota, whereas the Basidiomycota had a 
considerably low representation over the surveys. Up to now the isolates have been classified 
in ca. 300 OTUs within 15 orders, with a clear dominance of the Pleosporales and the 
Hypocreales, containing representatives with widespread distribution among the sampled 
locations. Correlations between the endophyte OTU data and different ecological factors, 
including soil physicochemistry, geographic and bioclimatic data, as well as host genotype 
will be discussed. 
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Xylaria spp. as an endophyte of the fruit body of a coral fungus 


Wan-Rou Lin1*, Kai Chiang Hu1, Ting Sheng Huang1, Ching Tung Chiang1, Ting-Huang Hsu1, Pi-Han Wang1 
 
1Life Sciences, Tunghai University, Taiwan 


 
Xylaria spp. are common endophytes of plants. In this study, we report Xylaria spp. are 
common endophytes of the fruit body of a coral fungus. This is the first report of 
Ascomycetes as endophytes of Basidiomycetes. A white coral fungus, Scytinopogon sp. 
nov.was a dominant macro-fungus in Japanese cedar plantations of central Taiwan. It was 
non-culturable, and surprisingly, we obtained Xylaria from the isolation of fruit bodies of the 
coral fungus. The isolation rate of Xylaria was high, 107 strains were isolated from 111 
sporocarp samples of the coral fungus. Xylaria could be detected by its genus-specific 
primers from the sporocarps tissue of Scytinopogon. The coral fugal sporocarp tip was free of 
Xylaria, and detection rate was higher in the lower part of the sporocarp. The endophytic 
association was observed from 3 Japanese cedar plantations and 9 Xylaria species 
distinguished by rDNA ITS sequence involved. No Xylaria association was found from the 
other 33 coral fungi species. 
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Fungal endophytes community in root of Cinchona pubescens, rootstock of cultivated 


clone 
Gayuh Rahayu1* 


 
1Dept. Biology, Bogor Agriculture University, Indonesia 


 
Fungal endophyte in the stem and bark of Cinchona spp. had been reported and their potential 
for alkaloids production had been evaluated. Yet, those lived inside the root have never been 
studied. This study aims at exploring the fungal endophytes community in the root of C. 
pubescens, quina tree that is used as a root-stock of cultivated Cinchona clones. The 
endophytes were first isolated, and the cultures were then grouped on the bases of their 
morphotypes. Representatives of the morphotypes were identified morphologically and 
molecularly using ITS rDNA region. The fungal community of C. pubescens root consisted 
of 15 fungal species assemblages, i.e. Acremonium strictum, Botryosphaeria rhodina, 
Clonostachys rogersoniana, Corynespora cassiicola, Fusarium oxysporum, F. solani, 
Lasiodiplodia hormozganensis, L. theobromae, Neocosmospora vasinfecta, Pestalotiopsis 
clavispora, Phialemonium curvatum, Phomopsis sp., Purpureocillium lilacinum, Tricladium 
patulum, and Verticillium clamydosporium. This community was predominated by A. 
strictum and F. oxysporum in terms of both root colonization and species abundance. This 
community might contribute to the resistance of the root to some soil pathogen. 
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Fungal endophyte community patterns in rust-infected and non-infected plants of 


catchweed bedstraw 
Emi Miwa1*, Izumi Okane1, Yuichi Yamaoka1 


1Faculty of Life and Environmental Sciences, University of Tsukuba, Japan 
Puccinia galiiuniversa is a caricicolous-heteroecious rust fungus infecting catchweed 
bedstraw (Galium spurium var. echinospermon). It has been revealed that catchweed 
bedstraws systemically infected by the present rust are made sterile. Understanding of 
biological interactions between fungi coexisting in the same host plant is important to future 
utilization of plant-inhabiting fungi to control harmful weeds such as catchweed bedstraw. In 
this study, we compared fungal endophyte communities both of rust-infected and non-
infected catchweed bedstraws to reveal the interaction between endophytes and the present 
rust fungus. In spring 2012 and 2013, we collected rust-infected and non-infected plants at 4 
sites in Ibaraki, Japan, and isolated endophytes from surface-sterilized plant materials. As a 
result, there was no significant difference between the rate of plants colonized by endophytes 
of rust-infected plants and that of non-infected plants. Nine endophyte genera (Alternaria, 
Colletotrichum, Cladosporium, Arthrinium, Chaetomium, Phlyctema, Aureobasidium, 
Fusarium, Phomopsis) were found to be predominant endophytes of the plant. Among these, 
Alternaria was most predominant in both types of the plants. Sequence analysis of rDNA ITS 
regions showed that most of the Alternaria isolates were likely to be the same species. 
Phlyctema was isolated only from stems of both plants. In comparison between the endophyte 
community patterns of the two types of plants, species compositions and isolation frequencies 
of each fungus were examined in this study, there was no significant difference between the 
endophyte communities of the two types of plants. It suggests that the endophyte 
communities are not influenced by P. galiiuniversa. 
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Fungi associated with the red alga Pterocladiella capillacea collected in Northern 


Taiwan 
Hyo-Jung Cha1*, Ka-Lai Pang1 


 
1Institute of Marine Biology and Center of Excellence for the Oceans,, National Taiwan Ocean Universit, 
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Healthy and dead Pterocladiella capillacea thalli were collected bimonthly over the course of 
1 year starting from May, 2013 to March, 2014 on a rocky-shore site in northern Taiwan to 
investigate the fungi associated with the alga. Using conventional isolation method, 
approximately 100 segments each of the healthy and dead P. capillacea were surface 
sterilized/rinsed with (1) 4% sodium hypochlorite solution, (2) 70% ethanol and (3) sterile 
artificial seawater. Segments were plated on glucose-yeast extract-peptone seawater agar 
(GYPS), potato dextrose seawater agar (PDAS) and seawater agar (SA) and incubated at 
25°C for up to 1 month. Emerging fungi from the algal fragments were isolated as pure 
cultures. Isolation frequency (no. of fragment with fungi/total no. of fragment × 100) was the 
highest in thalli treated with artificial seawater and plated on GYPS (93.86%) and the lowest 
in those treated with sterile 4% sodium hypochlorite solution and plated on seawater agar 
(24.57%). A total of 2,356 isolates were cultured, and the isolates were categorized based on 
colony morphology. Identification of the fungal isolates was carried out by sequencing of the 
nuclear encoded ribosomal RNA gene, the internal transcribed spacer (ITS) regions. Two 
hundred and six taxa were identified to either genus or species level. The highest diversity of 
fungi was obtained in July, 2013 (67 taxa). More taxa 91 spp. were obtained in GYPS 
medium, followed by PDAS (79 spp.). More taxa were isolated from the dead (152 spp.) than 
healthy thalli (119 spp.). The Ascomycota (50.03%) was dominant and the Basidiomycota 
only accounted for 16.94% of the taxa. Some taxa were unidentified with no sequence in the 
GenBank. Yeasts were the most common (22.61%), followed by Aspergillus spp. (14.43%). 
The yeasts are a composite of different yeast species. This study suggests a diverse fungi 
associated with P. capillacea. 
 
Keywords: Red alga, Pterocladiella capillacea, endophytes fungi, diversity 


 
*Presenter: Hyo-Jung Cha 
Email: hyojung.a@gmail.com 
 
 


  598







P 4.5.8 
 
Scientific Theme: 4 Environment, Ecology and Interactions 
Session: 4.5 Diversity and ecology of endophytes 
 
Account ID IMC1197  
Abstract ID ABS0807 


 
Interaction of F. verticillioides and Talaromyces sp. in maize seeds 


Stephen Peterson1*, Donald Wicklow2 
 
1BFP, US Department of Agriculture, United States 
2BFP, USDA, United States 
 
We conducted studies in maize fields (Illinois, USA, 2013) to observe the interactions of 
Talaromyces species with fumonisin producing Fusarium verticillioides in corn seeds. Maize 
ears were inoculated during the milk phase using sterile wooden toothpicks dipped in 
conidium suspensions, or sterile distilled water. Ears were harvested at maturity and shelled. 
Subsamples of each treatment were milled and tested for fumonisin levels. Other seeds were 
surface sterilized and placed on 3% malt agar with antibiotics to determine the fungal species 
contaminating the mature seeds. Germination levels for the seeds were recorded. Twelve 
control (untreated) samples germinated at 90–100% rates, 25–50% of the seed samples 
contained F. verticillioides, and 0–24% of seed samples harbored Talaromyces sp. Samples 
from ears wounded with toothpicks dipped in sterile water showed reduced germination (ca. 
66–74%), 38–62% F. verticillioides and 50–92% Talaromyces sp. Ears inoculated with 
Talaromcyes sp. #14 had germination rates of 92–98%, F. verticillioides was present in 2–
34% of seeds and Talaromyces sp. #14 was present in 86–100% of seeds. Control seeds with 
sterile-water toothpick wounds produced 1.0–1.7 PPM fumonisin, while samples inoculated 
with Talaromyces sp. #14 showed 5 samples with undetectable levels of fumonisin (<0.25 
PPM) and one sample with 0.32 PPM fumonisin. In vitro studies are underway to understand 
the interactions of these species. 
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Endophytic fungi associated with boreal terrestrial orchids 


Esa Laine1*, Saila Mahilainen1, Henri Vanhanen2, Riikka Linnakoski3, Ari Pappinen1 
 
1School of Forest Sciences, University of Eastern Finland, Finland 
2Plant Production research, Agrifood Research Finland - MTT, Finland 
3Department of Forest Sciences, University of Helsinki, Finland 


 
Orchids are dependent of their symbiotic fungi during germination and mycoheterotrophic 
seedling stage. Terrestrial orchids are known to have associations with wide range of fungal 
taxa. Molecular studies have revealed that some of these orchid-fungus interactions are 
specific. Interestingly, endophytic fungi associated with orchids include species that are 
antagonistic to other fungi, and some are known as tree pathogens. In this spectrum the 
knowledge of fungal species associated with Finnish orchids can give valuable information 
for management of endangered species and ecosystem services that fungi produce via 
complex interactions between different organisms. We isolated endophytic fungi with “one 
peloton” –method to identify associations between fungal species and its host plant. Three 
orchid species, the lesser butterfly-orchid (Platanthera bifolia), moorland spotted orchid 
(Dactylorhiza maculata) and the broad-leaved helleborine (Epipactis helleborine) habiting 
various biotopes from herb-rich forest to open pastures, were investigated. Isolations revealed 
several fungal species associated with each of these orchid species. Partial ribosomal DNA 
sequences (ITS 1, 5.8S & ITS2) were determined for these isolates. The isolated fungi 
include species that have previously been found from forest soil and species that have been 
identified to have endophytic associations with various plant species. The fungal species 
composition of each investigated orchid species will be discussed. 
 
Keywords: Orchid, endophyte, Platanthera bifolia, Epipactis helleborine, Dactylorhiza 
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Fungal communities in the phyllosphere of trees in South Africa 


Martin Kemler1*, Jeff Garnas2, Michael J. Wingfield1, Bernard Slippers1 
 
1Department of Genetics, University of Pretoria, South Africa 
2Department of Zoology and Entomology, University of Pretoria, South Africa 


 
Plant-associated fungi add substantially to the diversity of life, but their cryptic morphology 
and lifestyle, together with the difficulty in isolating environmental strains in culture, makes 
the characterization of their communities complicated. The effect of whole fungal 
communities on the health of plants could be substantial, although our understanding of 
potential roles of this novel diversity is limited. Examining phylogenetic diversity, which is 
likely an approximation of functional diversity, offers early insights into the possible roles 
that these fungi might play. Rapid developments in next generation sequencing technologies 
are facilitating enhanced knowledge of the extent of this previously unknown fungal 
diversity. We sequenced the internal transcribed spacer 1 (ITS1) of the nuclear encoded 
ribosomal RNA for phyllosphere communities of three tree species in South Africa, including 
the economically important genus, Eucalyptus. The enormous fungal diversity recovered is 
especially interesting as many of the members of the communities present in apparently 
healthy tissue reside in taxonomic groups that include important pathogens. Overall, the 
results suggest a very different picture of fungal communities associated with the 
aboveground parts of trees from the one that has emerged from culture-dependent techniques. 
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Karee (Searsia lancea) malformations represent a habitat rich in biodiversity 


Marieka Gryzenhout1*, Juan Swanepoel1, Jaco Saaiman2, Marguerite Westcott1 
 
1Plant Sciences, University of the Free State, South Africa 
2Zoology & Entomology, University of the Free State, South Africa 
 
Floral and vegetative malformations have recently been observed on native Karee trees 
(Searsia lancea) in South Africa, one of the most prominent landscape trees in this country. 
Malformations can be caused by a number of biotic and abiotic agents, but the cause of 
malformations on Karee is still unknown. However, initial insect surveys and fungal 
isolations showed that the fungal and insect diversity associated with these malformed tissues 
appeared higher compared to that of healthy tissues, which harboured very few fungi and 
insects. This study aimed to confirm the higher correlation of biodiversity and infection in 
malformed tissues. Insects were collected from fresh samples of malformed and healthy 
twigs, leaves and inflorescences, stored in 80% ethanol and identified. The same tissues were 
surface sterilized and fungi were isolated and identified morphologically. The number of 
isolates and insects from malformed tissues were significantly more than those found in 
healthy tissues, which were both of the same age. The exact reasons for this phenomenon 
remain unclear but may be linked to the changes in morphology and physiology of the 
affected plant tissues. These may create a niche in the tree that promotes a richer biodiversity 
of insects and fungi compared to that of healthy tissues. 
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Comparisons of Fusarium spp. between pecan (Carya illinoinensis) and camel thorn 


(Acacia erioloba) in South Africa 
Bonang Khooa1, Lydia Landman1, Marieka Gryzenhout1* 


 
1Plant Sciences, University of the Free State, South Africa 


  
Acacia erioloba is an iconic, common native tree in semi-arid to arid regions of southern 
Africa. Maize, sunflower, groundnuts and sorghum are common in these areas although few 
tree crops, except for pecan nuts, are produced due to lack of water. Little is known about 
fungi cryptically occurring in these unrelated pecan and A. erioloba trees, and the degree of 
overlap between them and surrounding crops. Fusarium spp. arephytopathogenic and 
endophytic fungi, and a number of pathogens are known from crops in South Africa. With 
some background data available, these fungi are ideal to use in studies investigating if some 
fungi can co-infect these trees, and if the trees could act as reservoirs of inoculum of crop 
pathogens. Endophyte isolations from leaves and branches of ten pecan and ten A. erioloba 
trees in close vicinity were done near Hoopstad, South Africa. Fusarium isolates were 
obtained from both tree species, but formed a small percentage compared to the full 
compliment of endophytes. These mainly represented the F. fujikuroi species complex, F. 
oxysporum species complex, and F. graminearum species complex (FGSC). A degree of 
overlap was observed between trees. The occurrence of common cereal pathogens in the 
FGSC in pecan was interesting and isolates were shown to be pathogenic in pecan leaf 
bioassays. Common pathogens of crops produced in the area could thus have refugia in 
unrelated and unstudied plants. 
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Fungal endophytes: diversity and dispersal in a tropical forest 


Kaylene Bransgrove1*, Francoise Ishida1, Darren Crayn2, Brett Summerell3, Sandra Abell1 
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Fungal endophytes are a group of abundant and highly diverse fungi that asymptomatically 
inhabit all plant parts. Fungal endophytes contribute to plant health, resistance to disease and 
insect herbivory and promote tolerance to drought. Dispersal in most plants is considered to 
be horizontal by spore infection rather than vertical transmission through the vascular system 
as in grasses. It is expected then that there would be a low abundance of endophytes present 
within the vascular tissue of woody plants. To test this hypothesis we examined the presence 
of fungal endophytes in the vascular system of six rainforest genera (Alstonia, 
Argyrodendron, Castanospermum, Elaeocarpus, Myristica and Syzygium). Vascular cores 
were taken from five replicates of each genus and split into phloem, sap and hardwood. The 
tissues were surface sterilised and fragments of tissue were placed onto malt extract agar. 
Fungi were sub-cultured and identified using morphological and molecular techniques. 
Results show more fungi are found in the sapwood than the phloem and hardwood, but that in 
comparison with leaf tissues, a low diversity of fungi are found within the vascular tissue of 
these tree species. This indicates that as expected the transmission is horizontal and not via 
transmission through the vascular system in woody tropical trees. This may mean spore 
dispersal is dependent on climatic variables such as wind, temperature and availability of 
moisture. Understanding the dispersal mechanisms of fungal endophytes that contribute to 
forest health and function is essential as the stresses placed on tropical forests increase with 
the effects of climate change. 
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Can Embellisia oxytropis, endophytic fungus of Oxytropis kansuensis, transmit from 


seeds to seedlings? 
Yunye Xie1, Yuling Li2, Qi Wang1, Makoto Kakishima3* 
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An endophytic fungus, Embellisia oxytropis isolated from Oxytropis kansuensis was firstly 
described from China in 2006. This species was transferred to Undifilum based on 
morphological and molecular analyses. However, relationship among these genera is still not 
clear. This fungus has been reported from about 20 species of Oxytropis and Astragalus 
mainly distributed in rangelands of China and USA. These plants cause poisoning of grazing 
animals because of the alkaloid swainsonine produced by the fungus. Therefore, their 
controls are important for their grazing. This endophytic fungus has been reported to be 
detected from all tissues of plants. However, its transmission to plants has not been clarified 
sufficiently though the fungus was reported to be present in seed coats and transmit to 
seedlings in USA. To confirm the transmission from seeds to seedlings seeds of O. 
kansuensis was collected in Qinghai, China and their germination experiments were carried 
out under controlled conditions. Seed germination rates were different among agar media 
used as germination substrata. Colonies of E. oxytropis were observed around surface-
sterilized seeds on agar media and seedling growths from these seeds were recognized though 
their growing conditions were different among media. The fungus was detected from stems or 
leaves of their seedlings both by isolation and molecular methods though its detection rate 
was very low. Therefore, its transmission from seeds to seedlings was proved in our 
experiments. However, it was also suggested that its transmission and association with plants 
was highly affected by environmental conditions. 
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Endophytic fungal community of Ephedra species collected from Japan and China 
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Epherdra species are mostly distributed in arid areas of Eurasia, North Africa and North 
America and about 50 species have been reported. Among them E. sinica and its related 
species have been used as traditional Chinese medicines from long time ago because they 
have alkaloid compounds which improve and/or maintain human health conditions. 
Ephedrine is a well-known compound used in medicinal drugs. Endophytic fungi of these 
plants are interesting subjects because many fungi have been reported to produce alkaloid 
compounds in their mutual associations. Ephedra sinica and its related species were grown in 
arid and semi-arid areas of western and northern China. Specimens of Ephedra species were 
collected from Inner Mongolia, China and fungi were isolated after surface sterilization. 
Also, fungi were isolated from specimens collected from medicinal plant garden in 
Kanagawa, Japan. Ephedra species in this garden were originally collected in China and have 
been maintained in the same place for more than 20 years. Therefore, its environmental 
condition is quite different from original area. Fungal diversity of Ephedra species was 
relatively low comparing reports of endophytic fungi from other herbaceous plants. Fungal 
composition between specimens from China and Japan is different though some common 
fungi were isolated from both specimens. It was suggested that their fungal community was 
changed after transplantation from original growing area. Production of alkaloid compounds 
will be also discussed with relations to their fungal communities. 
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Community dynamics of foliar endophytic fungi across Hawaii’s dramatic 


environmental gradients 
Gerald Cobian1*, Anthony Amend1 


 
1Botany Department, University of Hawaii at Manoa, United States 


 
Hawaii is an ideal location to study the patterns and processes of fungal community assembly 
because of its isolation, unique native flora, and well-characterized and often dramatic 
environmental gradients. In the tropics fungal foliar endophytes are “hyperdiverse” with 
hundreds of fungal species coexisting within the leaves of an individual host. Previous 
research of endophyte communities along environmental gradients has found that 
environment, host identity and geographic distance are all significant determinants of 
endophyte community composition. In natural settings, however, these factors can be difficult 
to disentangle. Therefore, I propose a multi-host species study to investigate how endophyte 
communities change across environmental gradients in Hawaii, using the unique shield 
volcano environmental matrix of Mauna Loa to isolate the affects of elevation, rainfall and 
distance. I will determine the extent to which endophytes are host specific and how this varies 
with environment. Additionally, I will use this study to increase our knowledge about the 
diversity and endemism of Hawaiian fungi. 
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Genetic and chemical diversity of fungal root endophytes: insights from their ecology 


and interaction with plants 
Jose G. Macia-Vicente1*, Kyriaki Glynou1, Sevda Haghi Kia1, Thomas Nau1 
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Non-mycorrhizal fungal endophytes are among the most ubiquitous plant symbionts, yet 
more often than not their ecological roles and their impact on plant's performance are 
unknown to us. Such unawareness is partly determined by the extant diversity of endophytic 
fungi, the unspecific and facultative nature of their interaction with plants, and the variability 
of the latter across environmental conditions. To gain insight into the taxonomic and 
functional diversity of fungal endophytes prone to be found in natural vegetation, we 
generated a collection of 2,130 fungal strains from roots of diverse host plants and ecological 
contexts and compared their genetic and biochemical profiles. We obtained sequences for the 
rDNA internal transcribed spacer region of all strains and defined taxonomic and ecological 
groups, that were further characterized using alternative genetic loci. We selected a subset of 
ca. 1,000 fungal strains representing most of the fungal diversity found, and we obtained their 
profiles of secondary metabolites production by liquid chromatography-mass spectrometry. 
Our first results indicate a correlation between the endophytes' genotypes and their 
biochemical features. Herein we will discuss the interaction among the genetic and 
biochemical data generated, the ecological origin of the strains, and their effects on model 
plant hosts as assessed by inoculation assays in the laboratory. 
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Endophytic fungi were isolated from leaf, stem and root of Rhododendron campanulatum 
samples collected from 3850m, 3950m, 4050m, 4150m, 4250m and 4350m from Pangboche 
of Sagarmatha National Park, Nepal. Of 1,080 leaf, stem and root segments 186 fungal 
isolates were recovered. The overall colonization frequency was 17.22%. Highest 
colonization frequency was found in leaf (7.22%) followed by stem (5.09%) and root (4.90%) 
samples. The present investigation showed that the colonization frequency increased with the 
increase in altitude. Furthermore, the colonization frequency was higher at the treeline and 
above as compared to below it. Identification by microscopic morphology, the predominant 
fungi were Penicillium spp., Trichothecium spp., Alternaria spp. and Aspergillus spp. 
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assemblages of Scots Pine using 454 pyrosequencing 
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A study was undertaken of fungal endophytes associated with young Scots Pine trees of 
known provenance in common gardens sites, and their assumed half-sibs at wild sites. All 
sites were in Scotland and included five wild sites of native Caledonian pine forests; and two 
common garden sites situated along a climatic gradient ranging from a warm wet climate in 
the west of Scotland, to a cold dry climate in the east. The aim of this study was to look for 
patterns in endophyte communities which might be attributed to genotype or environment, 
and to investigate pathogen incidence. Amplicon pyrosequencing of the internal transcribed 
spacer 2 (ITS2) region of rDNA was undertaken on surface sterilised, powdered needle 
samples. After quality control, 302,993 sequences were clustered into 744 OTUs with 4053 
singletons. The endophyte assemblage was dominated by Ascomycota which corresponded at 
various systematic levels to fungi obtained from surface sterilised Scots Pine needles in 
isolation studies. Leotiomycetes accounted for 61.4% of total reads and Rhytismataceae was 
the most abundant family and accounted for 30.7% of the total OTUs and 46.2% of the total 
reads. Lophodermium species, which are commonly isolated from healthy and diseased 
needles of Scots Pine seedlings, where recorded at every site. Variations in assemblages were 
recorded across sites but quantitative interpretation was limited due to potential biases in 
methodology. 
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Generalist microorganisms combined cellulolytic and chitinolytic activities drive 
decomposition of rice straw and antagonism against R. solani 
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Decomposition of cellulose and chitin substrates plays an important role in ecosystem 
functions particularly in rice cultivation where these return soil nutrients. The relationships 
between microbial diversity and the ecosystem functions of decomposition and antagonistic 
processes were examined. A microcosm was designed to investigate complex microbial 
interactions of 16 microorganisms belonging to 6 different functional groups and defined as 
either generalist or specialist in different mixtures or on their own. We study decomposition 
and pathogen inhibition by decomposed straw. Multiple regression analysis showed that 
increasing the number of isolates, the presence of three fungal and one bacterial generalists as 
well as two fungal specialists contributed significantly to the decomposition of rice straw. 
Straw decomposed by one fungal and one bacterial specialists; three fungal and two bacterial 
generalists and the mixture of all isolates showed significant inhibition of Rhizoctonia solani 
growth. Rate of R. solani growth on the decomposed straw was reduced significantly by 61% 
- 93% compared to that on the non-inoculated controls. There was a negative correlation 
between straw weight loss and the growth of R. solani. The results from this study clearly 
show that generalist species may play an important role in ecosystem function compared with 
specialist species. 


 
Keywords: Straw weight loss, functional groups, specialist and generalist, cellulolytic, 
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We studied the spatial pattern of macrofungal sporocarps in 30 m × 30 m plots of 12 mixed 
managed forest stands in Őrség National Park, West Hungary. During one field survey, we 
mapped a total of 13,508 sporocarps of 12 fungi species including non-resupinate 
ectomycorrhizal, terricolous saprotrophic and wood-inhabiting taxa. Applying second-order 
analysis for 50 point patterns in total, we used Ripley’s L-function method to describe where 
and at which scale the grouping of sporocarps was maximized. We aimed to compare 
conspecific point patterns among plots to reveal whether the spatial distributions of 
sporocarps are driven primarily by the sites or the own growing characteristics of fungi 
species. Based on five characteristic (morphological and numeric) features of L-function 
curves, we classified the point patterns using cluster analysis. Each of the studied point 
patterns showed clumped distributions. Regarding the shape of L-function curves, we 
revealed two main curve types: curves with the highest level of sporocarp grouping at (i) fine 
scale (t < 2 m, with decreasing levels of grouping toward larger scales) or (ii) coarse scale (t 
is between 3 and 5 m). L-function curves of Cyathus striatus, Inocybe petiginosa, Laccaria 
amethystina, Lactarius blennius, L. subdulcis, Mycena pura and Russula nigricans were 
similar within species, while Auriscalpium vulgare, Clavulina coralloides, Laccaria laccata, 
Mycetinis alliaceus and Rhodocollybia butyracea showed dissimilar point patterns among 
plots. This study was supported by the Hungarian Scientific Research Fund (OTKA, 
K79158). 
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Priming effect of soil organic matter: rules of the game and main players 
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Priming effect (PE) is defined as a short-term change in the turnover of soil organic matter 
(SOM) caused by the addition of relatively easily degradable organic compounds to the soil. By 
following the dynamics of organic matter decomposition as well as that of microbial structure 
and activities, information can be obtained on the causes of PE. Different factors were shown to 
affect PE, such as the amount and quality of added substrates, the inorganic nutrient 
availability, microbial biomass and community structure. With respect to the latter, it has been 
suggested that fungi might play a major role in PE since they are able to make a spatial 
connection between easily-available carbon and stable SOM via their hyphae. Yet, the exact 
mechanisms of PE are still unknown. In the current study we want to address the following 
questions: 1) what is the main mechanism controlling the priming effect?  2) Which 
microorganisms are mainly causing PE? To answer the first question PE-triggering substrates 
that differ in structure and degradability were added to natural grassland soil. Already after 2 
weeks of incubation we found significant differences in the cumulative CO2 release between 
the treatments. To answer the second question, we are currently running an experiment in 
which isotope-labelled PE-triggering substrates have been added to grassland soil. This will 
allow tracking the microbial groups actively involved in the decomposition of C-substrates and 
SOM. We expect that PE will be highest in treatments with the most complex triggering 
substrates that stimulate saprotrophic fungi to form extensive hyphal networks. 
 
Keywords: Priming effect, soil organic matter, fungal and bacterial communities, stable 
isotopes, carbon turnover 
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A rock-eating fungus: How Schizophyllum commune grows on black slate 
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The filamentous fungus Schizophyllum commune has been in the focus of research in mating 
and cytoskeleton formation for many decades. Furthermore, this basidiomycete is able to 
excrete many enzymes which decompose lignin and other organic compounds of its natural 
habitat wood, causing white rot. Due to the fact that many enzymes are released during wood 
decay, it is assumed that they also influence rock degradation. By decaying organic matter 
from low grade metamorphic black slate, S. commune could use the resulting products for its 
energy and nutrition supply. To investigate all secreted proteins implicated in black slate 
degradation a proteome analysis has been performed. For that, a monokaryotic and a 
dikaryotic strain of S. commune were grown with and without black slate. Afterwards the 
secretome has been analyzed and quantified using LC-MS/MS analysis. First results showed 
many proteins known to be involved in wood decay and also changes between the treatments. 
In contrast to the dikaryon, the monokaryotic strain excreted a broader range of different 
enzymes during its growth with black slate. The proteins involved in the degradation process 
seem to be a complex network in which the detailed role of some proteins for S. commune is 
still unclear. Thus, overexpression studies of some genes are planned to gain an explicit 
insight into their function. 
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On the characteristics of lignocellulolytic enzymes produced by strains of Gyrodontium 
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Lignocelluloses are the building blocks of all plants and have a complex composition of 
lignin, cellulose, and hemicelluloses. The proper management of their biodegradation and 
utilization can serve to improve the quality of the environment. Two fungal strains were 
isolated from rods of Pinus densiflora in Korea. These strains, NAAS02335 and 
NAAS05299, were identified as Gyrodontium sacchari (syn. G. versicolor) by their 
morphological characteristics. Ligninase activities were tested by browning the mycelia on 
agar media supplemented Rhemazol brilliant Blue R, Gallic acid, or Guaiacol. Both strains 
were shown to brown the mycelia, but the color of strain NAAS02335 was darker than that of 
NAAS05299. To determine the activities of lignocellulolytic enzymes, strains were cultured 
in a yeast nitrogen broth at 28°C for 7 days with continuous shaking. The production of 
cellulase, xylanase, and amylase was determined by the concentration of a reducing sugar 
according to the DNS method. Laccase was determined by the oxidative activities of ABTS. 
The activities of cellulase, xylanase, and amylase of strain NAAS05299 were estimated at 
6.7-10.2 times higher than those of NAAS02335. Laccase activity was only estimated by 
strain NAAS02335. Both strains were able to degrade cellulose filter paper after 4 weeks of 
culturing in liquid media containing a piece of filter paper at 28°C with continuous shaking. 
These strains were also able to degrade rice straw after 3 months in solid culture. 
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Mycorrhiza and nutrients cycling in ecosystems and their response to global change 
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Mycorrhiza refers to the symbiotic association between plants and fungi, and play an integral 
role the in root-soil interface, contributing to nutrient cycling and ultimately shaping 
terrestrial ecosystems. A deeper understanding of this association provides insight into the 
impact of global change on these symbiotic relationships. In this paper we review the C, N 
and P dynamics and how they vary in different ecosystems, and their response to 
environmental changes, such as CO2 enrichment, N depletion, invasive species and land use 
change. We begin by discussing the latest research on mycorrhizal associations and nutrient 
cycling, with a focus on C, N and P. This is followed by a review of the different nutrient 
substrates and hosts, from different ecosystems. Lastly we highlight the impact of global 
environmental change on this symbiotic relationship. Thus we aim to provide insight into the 
dynamics of the mycorrhizal symbioses and how this relationship is influenced through 
negative effects of anthropogenic environmental change. 
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We aimed to characterize the substrate preferences of the most frequent wood-inhabiting 
macrofungi species in Őrség National Park (West Hungary). We selected thirty-five, 70–100 
years old managed forest stands of 30 m × 30 m representing a gradient along the 
characteristic tree species combinations of the region. Based on tree species identities, we 
grouped the observed substrata (dead wood units) of collected wood-inhabiting fungi. We 
used contingency tables and Chi-square tests to reveal host generalist and host specialist 
fungi; and we applied indicator species analysis to appoint fungi species that are associated 
with certain tree species. By excluding the infrequent fungi species, we studied 99 species in 
total. According to our contingency tables and Chi-square tests, we found 18 host generalist 
and 33 host specialist wood-inhabiting fungi. Indicator species analysis highlighted 9 fungi 
taxa that are connected significantly to certain tree taxa (in brackets): Piptoporus betulinus 
(Betula pendula); Skeletocutis nivea (Fagus sylvatica); Gymnopilus penetrans, Heterobasidio 
nannosum s.l., Phellinus viticola (Pinus sylvestris); Fuscoporia contigua, Hymenochaete 
rubiginosa, Schizopora flavipora, Schizopora paradoxa s.l. (Quercus spp.). This study was 
supported by the Hungarian Scientific Research Fund (OTKA, K79158). 
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Soil humic acid degradation by the fungus Aspergillus nidulans 
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Humic acid (HA) is a soil polymer comprised of heterogenous aliphatic and aromatic units, 
and originated from plant lignin and other organic materials. Although some bacteria and the 
white-rot fungus decompose HA, interaction with and degradation of HA by other 
filamentous fungi remain unclear. Here we investigated HA degradation by the model 
ascomycetes fungus Aspergillus nidulans. We observed that adding HA to culture medium 
stimulated growth and conidiation (asexal spore development) of A. nidulans. The A. 
nidulans culture decreased HA in the culture medium that precipitated under acidic 
conditions. Gel permeation chromatography demonstrated that the A nidulans culture for 60 h 
lowered molecular weight of HA. Fourier transform infrared (FTIR) spectrometry showed 
that the remaining HA contained less aromatic- and carboxylate-moieties, and more hydroxyl 
(phenol and alcohols)-, aliphatic- and quinone groups. These results indicated that the fungus 
degraded HA. To elucidate molecular mechanism of HA degradation, we investigated 
transcriptome changes of the fungus upon incubating with HA. DNA microarray analysis 
using a GeneChip system indicated that adding HA up-regulated expression of genes 
encoding cytochromes P450 and flavin-containing monooxygenase, which degraded aromatic 
residues of HA. Global expression of genes for carbohydrate utilization was affected by the 
added HA. These results indicated that A. nidulans responds to HA, regulates global gene 
expression, and decomposes HA. 
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Coprinopsis cf. cinerea was recorded and isolated from both 2 urea treated plots set up in 
BiDoup-Nui Ba National Park, Lam Dong province, Vietnam, one in Quercus spp. forest and 
other in endemic 5 leaves pine Pinus dalatensis forest. This taxon would be the first record in 
Vietnam based on morphological and phylogenetic analysis. The effects of environmental 
factors on its successive occurrence were conducted by pH (3-11, 1 difference for each step), 
NH4- N concentration (0.001M, 0.003M, 0.01M, 0.03M, 0.1M, 0.3M, 1 M) on the 
basidiospore germination, and temperature (5°C-35°C, 5°C difference for each step) on 
mycelial growth of Coprinopsis cf. cinerea were conducted. The cellulolytic, 
hemicellulolytic and ligninolytic activities of Coprinopsis cf. cinerea were also checked by 
Bavendum reaction, RBBR test, and clear zone of cultivation in xylan and CMC media. The 
results show that basidiospores of Coprinopsis cf. cinerea germinated only in 300mM NH4Cl 
aqueous solution, and pH 8 and 9. Those basidiospores were not germinated in pure water at 
any temperatures in this study. The mycelial growth range was 10ºC-35ºC with an optimum 
at 20ºC and 25ºC, and formed basidiomata at this optimum temperature. The cellulolytic, 
hemicellulolytic and ligninolytic activities of Coprinopsis cf. cinereawere positive. Laccase 
was found as the key enzyme in ligninolytic activities while tyrosinase and peroxidase were 
negative. From those results, Coprinopsis cf. cinerea Vietnam in ammonia fungi could be 
adapted to high NH4- N concentration and temperatures. 
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Boreal peatlands play a crucial role in global carbon cycling. Environmental and nutritional 
gradients within peatlands might have a strong effect on structure and composition of their 
microbial communities. However, very little information is available on how peatland 
microbial communities are influenced by natural variability or human induced disturbances. 
In this study, we investigated the taxonomic and functional diversity of fungal communities 
of the boreal peatland using 454 high-throughput sequencing and compared results with 
observations on mineral soil. We have also compared the fungal communities during primary 
colonisation of wood with those of the surrounding soils. Wood decay rates in peatland soils 
were analysed both in the field and under the laboratory conditions. The results revealed that 
ectomycorrhiza-forming fungi dominate the peatland fungal communities. On the contrary, 
saprotrophic species were more abundant during primary wood colonisation. The soil type 
has significant effect on species richness for spruce but no effect on diversity. White-rot and 
brown-rot fungi were significantly underrepresented in the studied samples. Our data suggest 
that all three soil types retarded the growth a typical white rot wood decayer but was released 
from this repression after autoclaving. This further suggests that both species competition and 
chemical composition limit the spread of those two groups of fungi into soil humus layer. All 
three soil types had comparatively no significant differential effect on gene expression pattern 
of the wood decayer rather elevated expression of key genes involved in inorganic ion, amino 
acid and carbohydrate transport and metabolism was documented. 
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Co-dispersal of lichen-associated bacteria with vegetative propagules 
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Lichens are usually described as fungal-algal symbiosis, but recent work revealed a diversity 
of thallus-associated bacteria. Although bacterial communities are a stable and specific 
component of the lichen holobiont, little is known about the variation of the associated 
bacteria within species, across geographically separated populations, and how lichens acquire 
them. As a quite common dispersal mode, lichens evolved vertical transmission of both 
fungal and algal partners in specifically designed mitotic propagules. Bacteria, if co-
transmitted with these symbiotic propagules, could contribute to a geographical structure of 
lichen associated microbiomes. Lobaria pulmonaria was sampled from three localities in 
Eastern Austria to analyze their associated bacterial communities by bar-coded 
pyrosequencing, network analysis and fluorescence in situ hybridization. For the first time, 
bacteria were documented to densely colonize symbiotic propagules of lichens. The 
propagules share the overall bacterial community structure with the thalli except for 
Nostocophycidae, and with Alphaproteobacteria as predominant group. All three sampling 
sites share a core fraction of the microbiome. Bacterial communities of lichen thalli from the 
same sampling site showed higher similarity than those of distant populations, which agrees 
with the hypothesis of short distance microbiome transmission via symbiotic lichen 
propagules. Our findings suggest a biogeographic pattern of lichen-associated bacteria that is 
enforced by vertical transmission with vegetative propagules. 
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Cryptic species within the lichen genus Micarea (Lecanoromycetidae, Pilocarpaceae) in 
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Detailed morphological, anatomical and chemical investigations unveiled a surprizing 
diversity in the well-known and subcosmopolitan lichen genus Micarea: no less than 13 
species new for science have just been described from the tiny and remote island of Reunion 
in the Mascarene archipelago (The Lichenologist 46 : 1-27, 2014). Further studies based on 
phylogenetical inferences from molecular data (mtSSU sequences) could detect further 
cryptic species within the M. prasina-group with a least four further new species, and within 
the recently described species M. melanoprasina which can be resolved into five distinct 
species. These results will be presented, together with high resolution photographs of the 
species. 
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Lichens are frequently colonized by other fungi which express symptoms or occur cryptically 
in their thalli. The symptomatic lichenicolous fungi develop identifying features and show 
different degrees of host-specificity. The cryptic fungi are still poorly studied, thus little is 
known about their species richness and host-association. We therefore applied fungal specific 
next generation sequencing to lichen thalli and sampled rock-inhabiting lichen species at ten 
independent localities in the alpine region on the Koralpe Massif (Austria). We assessed the 
total fungal diversity characterizing 28 selected lichen samples using 454-pyrosequencing of 
the nuclear ribosomal internal transcribed spacer-1 (ITS-1). We compare the fungal 
community in 14 lichen samples without infection symptoms and in 14 samples that were 
visibly infected by 11 species of lichenicolous fungi. The comparisons were performed 
among infected and apparently uninfected samples of the same lichen species host, among 
thalli of different hosts infected by the same lichenicolous fungal species, and by comparison 
of the same lichen species infected by different lichenicolous fungal species. Our results 
reveal an unexpectedly high fungal diversity inside lichen thalli. This contributes to better 
understanding of lichens as complex ecological niche and as a cradle of fungal evolution in 
alpine habitats. 
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Nitrogen pollution frequently leads to modifications in lichen communities given that lichens 
are amongst the most sensitive organisms to changes in environmental nutrient input. 
Increasing nitrogen enrichment is generally associated with a decrease in the frequency of 
species adapted to oligotrophic conditions and an increase in a relatively small number of 
species tolerant of high nutrient loadings. However, the physiological basis of lichen 
tolerance and intolerance to nutrient enrichment is not fully resolved. In the present study we 
are testing the hypothesis that nutrient uptake efficiency in nitrogen tolerant lichens is lower 
than that in nitrogen sensitive species. For this purpose the nitrogen-tolerant lichen Xanthoria 
parietina and the nitrogen-sensitive species Cladonia portentosa have been selected as model 
organisms. An experimental approach is being used to compare 33P-inorganic phosphorous 
and 15N-NH4


+ uptake kinetics between the two species. In parallel, a bioinformatic approach 
is being used to identify phosphate and ammonium transporters in the genomes of the 
mycobionts, utilising a draft genome sequence for X. parietina constructed in collaboration 
with the Joint Genome Institute (USA). It is expected that a combination of these results will 
provide an insight into physiological and molecular mechanisms involved in phosphorous 
and nitrogen uptake in lichens. 
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Field investigation of Danish heathlands; Lichens and bryophytes as candidates for 


quality assessment 
Guillaume Hoareau1*, Kirsten Emilie Hjorth Ceylan1 
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Danish coastal and inland heath habitats are notorious for their biodiversity in a European 
context. Lichens and bryophytes are main components of the vegetation on those habitats and 
contribute to European species diversity. Yet, they are not included in the current assessment 
of nature quality of Danish heathlands. We hypothesize that these two groups of organisms 
belong to such assessments due to their sensitivity to environmental changes. This field 
investigation of 116 plots distributed on 12 Danish heath localities aims at gathering more 
insights on lichens and bryophytes. We recorded the lichen, bryophyte and vascular plant 
vegetation but also collected pH and humus layer thickness data for each plots represented by 
circles of 5 meter radius. We present here, one of the first attempts at objectively identifying 
lichen and bryophyte species with positive indicator values through analyses of ordination, 
indicator species analysis and the recently developed network modularity. We consistently 
found across the three analyses that Cladonia ciliata, Cladonia foliacea, Cladonia gracilis, 
Cladonia uncialis ssp. biuncialis, Cladonia zopfii and Cetraria aculeate are indicator species 
for heathland's characteristics known to maximize species diversity. However no robust 
conclusion can be drawn for bryophyte species due to the low number of species recorded. 
We use these results and create a lichen species index for heathland based on the current 
species index in order to facilitate rapid implementation. 
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Lichens are traditionally viewed as integrated associations between a fungus (mycobiont), 
and photosynthesizing organisms (green algae and/or cyanobacteria) that provide the fungus 
with carbohydrates. In addition, recent studies have shown that nonphotosynthetic bacteria 
may form abundant, diverse and presumably lichen-species specific bacterial communities 
inside the lichen thallus. These new discoveries have challenged the traditional view of the 
lichen symbiosis and stressed that lichens should be viewed as mini ecosystems, where 
microbial communities may contribute to and facilitate the lichenization process, but where 
the role of the participating bacteria still is very unclear. Here, we will explore the microbial 
communities and the photobiont diversity of Schizoxylon albescens, (Stictidaceae, Ostropales, 
Ascomycota). The Stictidaceae contains saprotrophic, parasitic and lichenized fungi, and 
several species that can live either as saprotrophs or as lichens depending on the substrate 
they grow on, a phenomenon termed “optional lichenization”. Schizoxylon albescens either 
grows as loosely lichenized on Populus bark or as a saprotroph on dead Populus branches. In 
order to study the microbial diversity of this species, we applied PCR-based 454 
pyrosequencing combined with microscopic studies using DNA fluorescence in situ 
hybridization. Our study aims at increasing our knowledge of the microbial diversity in 
lichens, and will contribute to improving our understanding of the lichenization process, of 
optional life-styles in fungi, and towards developing a “model” fungus for experimental 
studies on interactions including lichenization. 
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Lichens have been widely employed as bioindicators for assessing air quality during the past 
few decades. Accordingly, this work transplanted the lichen Parmotrema tinctorum (Despr. 
ex Nyl.) Hale from an unpolluted site in KhaoYai National Park to three locations around 
Maptaphut industrial estate in Rayong province, Thailand. These included Prasae reservoir 
(PR), herbal garden (HG) and Mapchalood temple (MT), which were 54, 8 and 4 km from the 
main industrial area. Transplantation was also performed within the control site. The 
objective of the study was to detect atmospheric pollutants absorbed by the lichen at this 
industrial park, the largest in Thailand. After 56 days of transplantation, the amounts of As 
and Hg in the lichen thalli at MT were significantly higher (p < 0.001), and Pb was greater 
than at the other sites. The chlorophyll fluorescence parameter, Fv/Fm, of the lichen at this 
site was significantly lower (p < 0.01) than at the control site. Net photosynthesis (NP) and 
chlorophyll a+b of the lichen at the control site seems to have been affected by drought rather 
than by pollutants, as the values were lower than those from the sites that were located near 
water resources. Nevertheless, the lowest values of both NP and chlorophyll a+b among the 
polluted sites was observed from the lichen at MT, suggest that this site, which borders the 
main industrial estate, was affected by As, Hg and Pb more than the far-off locations, herbal 
garden and Prasae reservoir. 
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Lichen community on acid bark in the deciduous dipterocarp forest at KhaoYai 


National Park, Thailand 
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Bark pH is a factor that influences distribution of lichen. The objective of this study was to 
find lichen communities that grew on different bark acidity in a deciduous dipterocarp forest 
in the tropics. Forty-four plots of 10 x 10 cm2 were placed on tree trunks at 130 cm above the 
ground, on 22 trees that had a diameter more than 10 cm, on the east and south facing 
aspects. Taxa, frequency and number of lichens were recorded, as well as bark pH and 
diameter. A total of 34 taxa and 24 genera of lichens were found. The important value index 
(IVI) indicated that the Bulbothrix isidiza, Laurera benguelensis, Protoparmelia isidiata, and 
Dirinaria applanata were the dominant lichens, with values of 42.27%, 39.32%, 31.53% and 
23.36% respectively. Cluster analysis shows that the lichens could be separated into two main 
groups. The first group included as many as 26 species, which inhabited a wide range of bark 
pH, ranging from 2.3 to 4.9. This group included, for example, Bulbothrix isidiza, Laurera 
benguelensis, and Protoparmelia isidiata. The second group had only eight species, which 
grew on bark with pH 2.2-4.3. These lichens were Graphis sp.2, Opegrapha sp.1, and 
Opegrapha sp.2. The wide ranges of overlapping bark acidity that the two lichen groups 
inhabited suggest that other factors could have overriding influences other than bark pH. 
These could be, for example, taxa of phorophytes, aspect orientation and illumination under 
the canopies. This study could be applied for use in lichen resource management and 
conservation of lichens. 
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This study investigated lichen communities, bark pH and microclimate, including light 
intensity, relative humidity and temperature at the canopy, mid-trunk and tree base of a host 
tree Terminalia citrine growing in the tropical rain forest at KhaoYai National Park, 
Thailand. The microclimate was measured during the period 2008-2014. Quadrants of 60 x 
20 cm2, consisting of 12 subplots of 10 x 10 cm2, were placed on the east-facing side of the 
trunk at 30, 15 and 2 m above the ground. A total of 43 species of lichens were identified, of 
which 22, 16 and 8 species were recorded from the canopy, mid-trunk and tree base 
respectively. The canopy, where the highest lichen taxa was found, had day-time illumination 
averaging 56 mmol m-2s-1, daily relative humidity 82%, and bark pH 4.9. Sterile sp.3 and 
Sterile sp.2 dominated at this level. The mid-trunk had an external environment comparable 
with the canopy, except that light intensity was lower, averaging 22 mmol m-2s-1.Chapsa 
asteliae had the highest frequency and area cover at this level. However, the community 
structure of the canopy and the mid-trunk differed. Only Chapsa asteliae, Anisomeridium sp. 
and Trypethelium tropicum were commonly found at both levels. In contrast, the lowest 
lichens taxa at the tree base received light intensity as low as 3 mmol m-2s-1, RH 87% and 
bark pH 5.9. Phyllopsora haemaphaea and Dichosporidium boschianum dominated this 
level. This study underpins the importance of illumination on species diversity of lichens 
along the environmental gradient between the canopy and tree base in a tropical rain forest. 
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Two are better than one: Delimiting cryptic lichen-forming fungal species using DNA 
sequence data from the fungal and cyanobacterial partners of Peltigera section 
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Delimiting species is challenging in many groups of fungi because of the lack of diagnostic 
phenotypic traits, and difficulty to detect interbreeding, preventing an implementation of the 
morphological and biological species concepts. The genus Peltigera, section Polydactylon 
includes well-known described species, but is suspected to comprise many new species, not 
detected because of their similar morphology and due to poor sampling in many parts of the 
world. A recent radiation within this section further complicated the recognition of distinct 
species using phylogenetic methods. In the past few years, numerous methods aiming at 
species delimitations using molecular data and different conceptual approaches and criteria, 
such as genetic isolation, monophyly or coalescence, have become available. We sequenced 
eight loci (two nuclear ribosomal RNA loci, three protein-coding genes and three newly 
developed fast-evolving intergenic spacer regions) of the fungal partner from ca. 200 thalli 
selected across the world. We tested the boundaries of the fungal species using methods such 
as Structurama, bGMYC, bPTP, BP&P and spedeSTEM. We also sequenced the rbcLX locus 
of the cyanobionts and recognized several distinct Nostoc lineages. We compared the results 
of each method, and information about patterns of association between the fungal and 
cyanobacterial partners, their phenotypic traits, and geographic provenance. New Peltigera 
species are proposed using this pluralistic and consensus approach. Due to strong specificity 
in several fungal species, identity of Nostoc phylogroup is useful to both morphological and 
molecular circumscription of species. We show that the section contains three times more 
species than currently described. 
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Fungal endophytes are a highly diverse and ubiquitous group of organisms which colonize 
the tissues of all plants. Their interaction with plants range from pathogenic to mutualistic 
depending on the genetic background of both partners, their developmental stage and diverse 
environmental factors, but hitherto our knowledge on their ecological function is very scarce. 
In this work we focused on root endophytes because their colonization is systemic and prone 
to be involved in the host’s uptake of nutrients, and hence they are likely to affect plant 
development. We studied the interaction patterns of 128 root endophytes from diverse taxa 
and origins, with the brassicaceous plants Arabidopsis thaliana and Microthlaspi perfoliatum 
and the poaceae Hordeum vulgare, in order to identify associations with relevant ecological 
functions. For each combination, we measured the effect of fungal colonization on plant’s 
weight and symptoms development, and assessed quantitatively and qualitatively the fungal 
growth within roots. Additionally we measured endophytes’ cellulolytic activity and growth 
rate as potential factors influencing the outcome of their interaction. All endophytes tested 
were able to colonize the plant roots of the three hosts under the assayed conditions, but most 
of them did not affect significantly plant development. When effects were found, these were 
mostly detrimental and could be attributed to specific fungal taxa, which displayed a 
differential behavior across the plants tested. We are currently contrasting these results with 
the endophytes’ phylogeny and with data about their ecological origin in order to extract 
conclusions on their potential roles in natural ecosystems. 
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Phosphatase activity in nitrophobic and nitrophytic lichens 
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Eutrophication leads to changes in epiphytic lichen community structure whereby those 
species adapted to oligotrophic conditions (nitrophobes) are replaced by a small number of 
species that are tolerant to high nutrient availability (nitrophytes). The physiological basis of 
lichen adaptation to high nutrient deposition loads is poorly understood. We have measured 
the rates of surface-bound phosphomonoesterase (PME) activity in a selection of epiphytic 
lichens considered to be either sensitive to, or tolerant of, nitrogen enrichment. We have also 
used a fluorescent marker (ELF 97) to locate enzyme activity in transverse sections of lichen 
thalli. Results show that PME activity is higher in putative nitrogen sensitive species than that 
in those considered to be nitrogen tolerant, possibly reflecting the relative availability of 
nitrogen and phosphorus in their respective habitats. ELF 97 locates PME activity 
predominantly in the fungal tissue of the cortices consistent with a function in phosphorus 
scavenging from atmospheric deposits. Activity is associated with the cell lumina but is 
insensitive to oxygen deprivation suggesting that it might be a membrane bound enzyme with 
an outward facing active site the function of which is independent of physiological activity. 
PME activity could not be located in nitrophytic lichens. We suggest that lower phosphorus 
scavenging efficiencies might be advantageous in lichens adapted to eutrophicated habitats. 
 
Keywords: Lichens, nitrogen, phosphatase, pollution, fluorescent labelling 


 
*Presenter: Peter Crittenden 
Email: pdc@nottingham.ac.uk 
 
 
 
  
 
 
 


  632







P 4.8.3 
 
Scientific Theme: 4 Environment, Ecology and Interactions 
Session: 4.8 Other session related to Environment, Ecology and Interactions 
 
Account ID IMC1006  
Abstract ID ABS0423 
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The genus Golovinomyces (Erysiphaceae) is a large genus containing 52 species and is 
widely distributed in the world. The host range of this genus is a strictly restricted to 
herbaceous plant, including Asteraceae, Boraginaceae, Scrophylariaceae, Lamiaceae, and 
Cucurbitaceae. Since a field survey of phytopathogenic fungi, powdery mildews caused by 
Golovinomyces species have very frequently occurred on non-indigenous plants in Korea. 
According to our study of the Golovinomyces species in Korea based on morphology and 
molecular analysis using rDNA internal transcribed spacer (ITS) region, it was shown that the 
infection of powdery mildews on several non-indigenous plants was clearly associated with 
powdery mildew fungi including G. ambrosiae, G. cichoracearum, G. asterum var. 
solidaginis, and G. biocellatus. That is, G. ambrosiae, G. cichoracearum, G. asterum var. 
solidaginis and G. biocellatus were found on Ambrosia trifida, Helianthus tuberosus, 
Symphyotrichumnovi-belgii, Solidagoserotina, and Monardadidyma. These non-indigenous 
plants affected by powdery mildew in Korea were originated from North America. The host 
expansion in Korea was examined based on its specimens, and relationships of 
Golovinomyces species among the collections were also examined on the basis of the 
morphology and molecular analysis. Consequently, the results of this study showed that a 
close affinity between the Golovinomyces species and the non-indigenous plants exists in 
Korea. 
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1Department of Biology Education, Korea National University of Education, Korea 


 
Arbuscular mycorrhizal fungi (AMF) that have mutualistic relationships with various land 
plants are the most important symbionts in terrestrial ecosystems. However, it is not possible 
to culture AMF under axenic conditions because these fungi are obligate symbionts. To date, 
the best way to obtain genetically identical pure isolates has been root organ culture (ROC), 
in which germinated single spores are co-cultured with the roots of transformed plants in 
medium. In this study, Scutellospora pellucida was cultivated successfully via an in vitro 
culture system using the hairy roots of transformed Daucus carota, and their ontogenetic 
characteristics were described from germination to sporulation. Monoxenic culture of AMF 
and pure isolates obtained using in vitro culture systems could provide opportunities to 
investigate cryptic characteristics of AMF. 
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In Yucatan State of Mexico, creole tomato is cultivated for its culinary qualities even though 
its low germination (50%). During 2012, studies showed that these seeds had contamination 
(78%) by Geotrichum candidum (morphological-cultural-molecular identification; Accession 
Nos. KJ635817, KJ755079, KJ755080, KJ755081) and after disinfesting the seeds with 
sodium hypochlorite (SH), the fungus was 100 % eliminated. In this study was tested the role 
of G. candidum on seed germination and velocity, and seedling vigor. Three treatments with 
four repetitions of 400 seeds per treatment were evaluated as following: disinfested seeds 
with SH at 1.5% for 2 min, seeds without disinfestation, and a commercial hybrid seed 
treated with Thiram. All the seeds were sowed in pasteurized sand in the greenhouse. There 
were significative differences among treatments. The disinfested seeds had the lowest 
germination rate (63%) and the best germination velocity and seedling vigor given by plant 
high, number, size and weight of leaves; size of roots and total plant biomass weight. The 
seeds without disinfestation had moderate germination (69%) and vigor, and the lowest 
velocity rate. The hybrid had the best germination (73%) with moderate velocity, and the 
seedling vigor was equal or in disadvantage to the seeds without disinfestation. G. candidum 
is a tomato fruit rot. The treatment with disinfested seeds did not increase germination and its 
better seedling vigor was probably a result of less competition for space among them. The SH 
helped to increment the germination velocity rate. Apparently the fungus did not affect seed 
quality, however SH raise it. 
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Mass production of arbuscular mycorrrhizae fungi under monoxenic system is in infancy due 
to the obligate biotrophic nature. Only few AMF species are mass produced and maintained 
in vitro condition with Ri transformed root of host plant and representative of all. Many AMF 
genera are even difficult to maintain in trap culture due to the unknown duration of spore 
dormancy, enatic to germination behaviour and very less spore production in their life cycle. 
Genus like Acaulospora species is one of them, difficult to grow and maintain in either of the 
system. We report the first time establishment of the in vitro culture of Acaulospora foveata 
(INVAM code, CR 401A) with transformed carrot (Daucus carota) roots Spore germination 
was up to 30 %. Spore wall showed emergence of multiple germination and hyphal swelling 
was observed in both the non-symbiotic and symbiotic stages of growth. Spore development 
was not found in the first in vitro cycle and sub-culturing was performed by colonized root 
and extraradical mycelia. After the two in vitro cycles culture adapted the conditions and 
showed fast mycelial growth and high sporulation rate (up to 300 spores per experimental 
unit). Duration of the in vitro growth cycle also reduced gradually. Red brown color spores 
(size 276 µm, n = 50) were formed from the neck of the soporiferous saccule. Stable 
contaminant free continuous culture was the developed for mass production and different 
agricultural application. 
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Twelve species of Coleosporium (Pucciniales) cause needle rust of Pinus densiflora in Japan. 
Because of the morphological similarity, it is difficult to identify aecia on needles based on 
morphology. Thus, there was no report on precise species composition of Coleosporium on 
pine needles Sugadaira Montane Research Center located in mountain region of 1,300 m alt. 
in central Honshu, Japan. In this center, Miscanthus grass field where alternate hosts of 
Coleosporium grow and pine forest were well preserved. It is one of the ideal fields for 
Coleosporium to complete life cycles. The aims of this study were to clarify species 
composition and pattern of occurrence of Coleosporium on needles of P. densiflora in the 
center. Aecia on needles were collected in June 2011 to 2013 and identified by PCR-RFLP 
method. As a result, 4 species were identified. Frequencies of occurrence of C. phellodendri 
and C. lycopi were higher than the others. Aecia of C. phellodendri were abundantly formed 
on both two and three-year needles. Aecia of C. lycopi were mainly formed on two-year 
needles. To determine the factors affecting the pattern of occurrence, period of telium 
production on alternate hosts, germination tests and inoculation experiments with 
basidiospores were conducted. Results of the experiments suggest that the longer period of 
telium production and the higher ratio of indirect germination of basidiospores are the factors 
causing high frequency of occurrence of aecia on needles. Growth stage of needles which 
basidiospores infected seemed to be a factor affecting ages of needles where aecia appeared. 
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Molecular detection and phylogenetic characterization of poisonous Amanita 
mushrooms in forensic investigations 
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Recently food poisoning caused by mushrooms in local Thai populations has increased 
annually. In 2008-2013, about 10,627 cases of wild mushroom poisoning were reported to the 
Bureau of Epidemiology, Ministry of Public Health. Poisonous mushrooms are routinely 
identified by specialized mycologists based on their morphological and anatomical 
characteristics. However, the samples are generally not well preserved in for clinical 
diagnosis and standard methods for morphological identification do not always yield 
satisfactory results. Therefore, DNA-based identification is required. The aim of this study 
was to identify poisonous and edible wild mushrooms of the genus Amanita and clinical 
samples using DNA sequence analysis of the ITS regions and gene encoding peptide toxins. 
Mushroom toxins were identified by liquid chromatography-mass spectrometry. In a 
preliminary analysis only ITS sequences were compared. Our results revealed a high 
similarity between Amanita samples and the Guangzhou Destroying Angel, Amanita exitialis 
(99%). The results of a phylogenetic analysis confirmed their close relationship in a strongly 
supported monophyletic clade (BS=94%, PP=1.00). Amanita exitialis, a recently described 
species from China, is one of the most poisonous mushrooms worldwide. In Thailand, it was 
reported here for the first time and recognized as the most common species which causes 
mushroom poisoning. 
 
Keywords: Amanita, liquid chromatography-mass spectrometry, peptide toxins, poisonous 
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Detection and cluster analysis of Penicillium species bearing gene encoding vacuolar 
serine protease allergen from hospital indoor air environment in Yogyakarta, Indonesia 
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Penicillium are commonly found in indoor air and some of them are known as allergenic 
fungi. Vacuolar serine protease (VSP) was reported as important allergen from Penicillium. 
Existence of allergenic fungi is considered as a risk factor for inhabitants inside the room, 
especially in hospital. So far, there were no studies about hospital airborne fungi in Indonesia. 
Therefore, this study was conducted to investigate the diversity of fungal isolates obtained in 
hospital indoor air and then focused on identification of Penicillium species bearing 
geneencoding VSP. Sampling airborne fungi in several hospital rooms was carried out using 
non-volumetric air sampling method, then gene encoding VSP allergen in Penicillium was 
detected based on PCR amplificationusing new degenerate primer and continued with species 
identification of allergenic Penicillium based on PCR amplification of β-tubulin gene. Cluster 
analysis was carried out reffered to RFLP analysis based on nucleotide sequence of gene 
encoding VSP allergen of Penicillium isolates. The result showed that fungal isolates 
obtained from indoor hospital room belong to 10 genera, there were Penicillium, Aspergillus, 
Cladosporium, Eurotium, Curvularia, Alternaria, Paecilomyces, Fusarium, Chaetomium, and 
Aureobasidium. VSP gene was detected in P. citrinum, P. steckii, and P. copticola. The 
interesting of these finding was the existence of gene encoding VSP in P. steckii and P. 
copticola that has not been reported previously. Phylogenetic tree constructed from RFLP 
analysis showed that VSP gene of the same Penicillium species is grouped in one cluster. It 
indicates that gene encoding VSP allergen might be classified as species-specific. 


 
Keywords: Penicillium, vacuolar serine protease allergen, phylogenetics, indoor fungi, 
hospital 


 
*Presenter: Endang Rahayu 
Email: EndangSRahayu@yahoo.com 
 
 
 
 


  639







P 5.1.3 
 
Scientific Theme: 5 Phylogenetics, Evolution and Systematics 
Session: 5.1 Molecular techniques for the detection and diagnostics of fungi 
 
Account ID IMC1528  
Abstract ID ABS0345 
 


Airborne fungi and aflatoxin-producing Aspergillus flavus group on gaplek storage 
warehouse in Gunung Kidul, Yogyakarta, Indonesia 
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This study aimed to determine the diversity of airborne fungi in gaplek storage in Gunung 
Kidul, Yogyakarta and to find out the presence of Aspergillus flavus aflatoxin-producing 
genes. Identification of fungi was performed by macroscopic, microscopic as well as 
molecular characteristics. In this study 109 isolates were obtained and based on the 
macroscopic and microscopic characteristic were identified as Aspergillus flavus, A. niger, A. 
tamarii, A. versicolor, A. wentii, A. fumigatus, A. sydowii, Cladosporium marcocarpum, C. 
sphaerospermum, Eurotium herbariorum, Penicillium rugulosum, P. polonicum, P. 
griseofulvum, Talaromyces erythromellis and Trichoderma viride. Thirty-one isolates showed 
reverse orange-colored colonies on media Aspergillus flavus-parasiticus Agar (AFPA), and 
26 among of them had the ability to produce aflatoxin, showed the blue fluorescense in 
Coconut Cream Agar (CCA). Based on the β-tubulin gene sequences, 19 isolates had 99% 
similarity to A. flavus and 16 among of them had nor-1, aflR, and omtB gene that played a 
role in producing aflatoxin. On the other hand, there were 3 isolates that had no these genes 
which is correlated to the absence of blue fluorosence of A. flavus as it was observed in CCA. 
One of the dominant fungi found in indoor airborne of gaplek warehouse in Gunung Kidul, 
Yogyakarta, Indonesia was A. flavus which had aflatoxigenic properties and capability of 
producing aflatoxin.  
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Analysis of fungal community structure constructed on decayed wood using next 
generation sequencer 
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Decay of wood in natural environment progresses by cooperation of microbes. Clarifying of 
microbial community structure constructed in decayed wood is necessary to understand the 
mechanism of wood degradation and is applied to wood preservation and bioprocessing in 
production of materials. Molecular technique has been devised to assess microbial 
community structures. DNA-based analysis is rapid, accurate and sensitive and strong tool to 
reveal microbial community structure. In the present study, the fungal structures constructed 
in decayed wood were analyzed each part of sample wood. DNA was extracted from each 
tested part and internal transcribed spacer (ITS) region was amplified by PCR targeting fungi. 
The PCR amplicons are thought to compose of many kinds of ITS fragments from fungi in 
the fungal community. The amplicons were analyzed using next generation sequencer to 
reveal the fungal structure and dominant species of each species. The dominant species was 
changed gradually in the tested wood from the one end to the other. The results suggested the 
point where fungi invaded into the wood. 
 
Keywords: wood rot fungi, next-generation sequencer, ITS region, fungal community 
structure 


  
*Presenter: Takeshi Nagai 
Email: yuubetsu@yahoo.co.jp 
 
 
 
 
 
 
 
 
 


  641







P 5.1.5 
 
Scientific Theme: 5 Phylogenetics, Evolution and Systematics 
Session: 5.1 Molecular techniques for the detection and diagnostics of fungi 
 
Account ID IMC1016  
Abstract ID ABS0634 
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Invasive fungal infections (IFIs) have risen dramatically in recent years among high risk 
immunocompromised patients. Rapid detection of fungal species is crucial to timely and 
accurate antifungal therapy. A multiplex PCR assay was developed to identify simultaneously 
genus and species of pathogenic fungi based on distinct size of amplicons. Genus-specific 
primers and species-specific primers were designed from the internal transcribed spacer (ITS) 
regions of fungal ribosomal RNA gene. The first set of primers were used to identify the 
genera Candida, Aspergillus and Fusarium, while another three primers were designed to 
identify the resistant species Candida krusei, C. glabrata and Aspergillus terreus. The genus 
and species specific primers were used in separate reactions together with the universal 
fungal primers ITS1 and ITS4. Both reactions were performed simultaneously to promote 
rapid identification of fungi based on unique amplicon size ranging from 200 to 600 base pair 
(bp) for genus detection and 280 to 700 bp for the resistant species detection. A total of 86 
fungal isolates representing seven species of Candida, four species of Aspergillus and one 
species of Fusarium were evaluated for amplification. The PCR reactions showed 100 % 
accuracy of amplification with correct amplicon size noted for all isolates tested. This 
multiplex PCR assay provides a rapid alternative to conventional methods for the 
identification and speciation of clinically important fungal isolates. 
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Genetic variation among Colletotrichum gloeosporioides isolates from different 
Lauraceae hosts 
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Colletotrichum gloeosporioides sensu lato infects the cultivated Lauraceous tree crop, 
avocado (Persea americana), to cause a fruit rot. There are also records from two native tree 
species in New Zealand, Beilschmiedia tawa and B. taraire. The avocado (Persea) is a 
member of an ancient plant family, the Lauraceae, that diverged from basal angiosperms 39-
153 M years ago. Persea was determined to be part of the Laurasian-South American group 
on the basis of genetic analysis, and Beilschmiedia was determined to be of Gondwanan 
origin. Phylogenetic analysis of the glycerol-3-phosphate dehydrogenase (GPDH) gene 
region for isolates of C. gloeosporioides from avocados introduced to New Zealand and 
Australia about 100 years ago and comparison with isolates from Mexican avocados, B. tawa 
and B. taraire was conducted. Results showed that some isolates were unique to B. tawa and 
B. taraire, two isolates from taraire were in a clade with isolates from avocado and that 
avocados were infected by five different ‘phylospecies’ of C. gloeosporioides. Isolates from 
Mexico were found in all avocado clades, but the 'phylospecies' from tawa and taraire was 
restricted to New Zealand. These results suggest that 100 years of isolation has not been 
sufficient for New Zealand and Australian isolates to diverge from Mexican isolates and 39-
153 M years of isolation has been sufficient for isolates from tawa and taraire to diverge from 
avocado isolates. In addition, isolates from avocado may have moved into the native estate to 
infect taraire or some isolates have not changed for 39-153 M years. 
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CYP51A gene polymorphism in clinical Fusarium solani isolates resistant to 
Voriconazole  


Jasper Elvin James1*, Jacinta Santhanam1, MohdFuat Abdul Razak2 
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Fusarium is a fungus widely distributed in soil, plants and different organic substrates. They 
are the second most frequent mold causing invasive fungal infections in immuno-
compromised patients and have been reported to be resistant towards triazole antifungal 
drugs. Triazole resistance mechanisms in the pathogenic mold Aspergillus sp. involve 
modification of the target site 14-α sterol demethylase encoded by CYP51A gene. The aim of 
this study was to detect mutations in CYP51A gene that may confer azole drug resistance in 
clinical Fusarium solani isolates. A total of 18 Fusarium solani were tested for susceptibility 
towards Itraconazole, Voriconazole and Amphotericin B antifungal agents with the Etest agar 
diffusion method. Fungal DNA was extracted and followed by PCR amplification of 
CYP51A gene. PCR products were purified, sequenced and analyzed for nucleotide 
differences. All 18 Fusarium solani isolates showed resistance towards Itraconazole with no 
inhibition zone observed, 8 (44.44%) isolates appeared resistant to Voriconazole with either 
no inhibition zone or high MIC values (16 to 32 µg/ml) noted while Amphotericin B was 
highly active (MIC= 0.006 to 1 µg/ml) against all isolates. Analysis of the CYP51A gene 
revealed a polymorphism at nucleotide position 99 from ‘G’ to ‘A’ in the resistant isolates. In 
conclusion, a mutation in CYP51A gene may be involved in conferring resistance in 
Fusarium solani against Voriconazole. Further analysis on more Fusarium sp. isolates would 
enable confirmation of this marker site as antiazole resistance. 
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Sequence repeat patterns in the IGS region distinguish genetically highly similar 
pathovars of Colletotrichum viciae on lentils 
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In Canada, serious yield losses in lentil are caused by Colletotrichum viciae Dearn. & Overh. 
(Colletotrichum truncatum auct.) The population of C. viciae infecting lentils in Canada 
comprises two races, Ct0 and Ct1, and current lentil varieties have only Ct1 resistance. To 
search for molecular markers to distinguish the two pathovars, the internal transcribed spacer 
regions (ITS 1/2) of the ribosomal RNA repeat and intron-containing regions of the 
translation elongation factor 1-α (tef1), RNA polymerase II (rpb2) and β-tubulin 2 genes 
were sequenced for isolates of both races but found to be invariant, indicating unusual genetic 
similarity and a recent evolutionary divergence of the two pathovars. The ribosomal 
intergenic spacer region (IGS) also was sequenced, spanning approximately 2750 bases and 
revealing three regions where isolates could be distinguished by differences in the pattern or 
number of nucleotide repeats. Two regions; however, had repeat patterns that could not 
distinguish all isolates of the two pathovars, with similar patterns occurring among some 
isolates of both races. The third region comprised a 39nt repeat occurring 2 or 4 times in Ct0, 
and 7 or 9 times in Ct1, with the deletion of three repeats likely coincident with the 
development of hypervirulence in the Ct0 race. Primers were designed to amplify this repeat 
region and the Ct0 and Ct1 races were reliably distinguished by length polymorphisms 
evident in gel electrophoresis. 
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According to the most recent phylogenic investigations, Ochroconis species and their 
relatives are classified in the Sympoventuriaceae (Venturiales, Dothideomycetes). Two 
genera were recognized: Ochroconis for the mesophilic species and Verruconis gen. nov.for 
the thermophiles. Sequenced species of Ochoconis thus far comprises thirteen species, while 
Verruconis is confined to the opportunistic neurotroph V. gallopava (O. gallopava) and its 
sibling, V. calidifluminalis (O. calidifluminalis). Partial ribosomal DNA sequences (nuSSU, 
ITS, nuLSU) and coding genes (actin1, beta-tubulin, tef1) were assessed for their barcoding 
potentialities. The results showed that the overall mean distances and average intraspecific 
heterogeneities of ribosomal datasets were lower than those of the protein coding genes, SSU 
had the lowest diversity, while tef1 was most variable. All ribosomal genes provided the 
shorter distances between the species than protein coding genes, barcoding gaps between all 
species invariably being significant. However, topological conflicts were revealed from 
protein coding gene analyses while no conflict could be detected among ribosomal genes. 
The conflicts were possibly caused by the occurrence of multicopies of the same gene. 
Therefore, the ribosomal DNA genes, especially, nuLSU and ITS, which are already 
routinely used in diagnostics and are widely available in public databases, provide more 
advantage as potential barcoding markers for Ochroconis and Verruconis species. 
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The Q-bank Fungi database for simultaneous multi-locus identification of quarantine 
microorganisms 
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The Q-bank database (http://www.q-bank.eu) is a reference database aimed at, e.g., national 
plant protection organizations, general inspection bodies, and private laboratories. The 
website contains databases focused on species of quarantine importance in Europe and their 
closest relatives and includes regulated plant pests of bacteria, fungi, insects, nematodes, 
phytoplasmas, viruses and invasive plants. Quarantine species are linked to other databases 
such as European and Mediterranean Plant Protection Organization (EPPO), GenBank and 
culture collection pages. Curators with taxonomic, phytosanitary and diagnostic expertise are 
responsible for the contents of the databases. The Q-bank Fungi database contains mainly 
DNA sequence data of more than 725 species that are of relevance to phytopathology and 
includes species of the genera Colletotrichum, Ceratocystis, Melampsora, Monilinia, llium, 
Mycosphaerella, Phoma, Puccinia, Stenocarpella and Phaeocytostroma, Thecaphora, and the 
oomycete genus Phytophthora. For correct identification, Q-bank allows a blast search of a 
sequence of an unknown organism against all sequences in the Q-bank databases. Once a 
sequence has a significant similarity to one of the groups in Q-bank, a focused multilocus 
identification is possible within that group. Detailed methodologies for obtaining the required 
sequences and a molecular decision scheme for the included organisms of quarantine 
importance to Europe are available on the website. 
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Barcoding of the Global Mushroom Pathogen Collection 
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At a workshop of the Global Mushroom Disease Diagnostic Initiative (GMDDI) held in 2008 
prior to the International Society for Mushroom Science (ISMS) conference in Cape Town, it 
was decided to establish an international collection of reference pathogen strains for the white 
button mushroom industry. The mushroom research group headed by Prof Lise Korsten from 
the Department of Microbiology and Plant Pathology at the University of Pretoria established 
the central collection of more than 150 isolates. A duplicate set was also established at the 
Plant Breeding, Mushroom Research Group at Wageningen, in the Netherlands. In 2013, 
funding was received from the South African National Research Foundation to barcode these 
isolates. A duplicate set of the original collection is also contained in the South African 
National Collection of Fungi (PPRI). The research group at the University of Pretoria has 
been studying various aspects of mushroom pathogens and their effect on the industry and 
together with the South African National Collection of Fungi will play a major role in the 
expansion of this internationally acclaimed collection. Further development of diagnostic 
tools for mushroom pathogen detection and confirmation will support both the South African 
and the global mushroom industry. A barcoding database was established for this fungal 
collection containing all the available data including barcoding sequences and voucher 
specimens were deposited in the PPRI collection. 
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Molecular barcodes for basidiomycete fungi Pleurotus spp. 
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The genus Pleurotus includes several economically important edible species �P. ostreatus, 
P. pulmonarius, P. eryngii, P. djamor, P. citrinopileatus that are cultivated worldwide. The 
majority of white-rot species of the genus are also important for biotechnological and 
medicinal use. Traditionally, most of the studies on Basidiomycota taxonomy have been 
based on morphological characteristics of fruit bodies. However, traditional morphological 
species identification is not reliable enough due to phenotypes variability of fruit bodies in 
natural habitats that could lead to species misidentification. Therefore, modern molecular 
biology approaches are becoming more used nowadays for species identification. Any 
molecular marker that allows distinguishing two relative species can be considered as a 
barcode for particular species. The internal transcribed spacer region (ITS) is the most used 
barcode for fungal species identification. We developed the barcode system based on ITS 
restriction enzymes’ digestion for discriminating Pleurotus species. Results of the research 
are based on analysis of ITS sequences for 41 Pleurotus strains obtained in this study and 
reference strains retrieved from GenBank. ITS barcodes are presented for 10 mostly 
widespread and important Pleurotus species. We suggest using restriction enzyme analysis of 
the amplified ITS sequences directly without further sequencing step to identify/discriminate 
Pleurotus species. Results on phylogenetic analysis of genus Pleurotus demonstrated 
reliability and good coincidence with the data on Pleurotus species discrimination by using 
restriction enzymes’ maps. The method can be easily applied for other groups of fungi. The 
research was partly supported by Erasmus Mundus grant and RFBR grant 13-04-90607. 
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MY-COL: capturing the biodiversity of Colombian fungi and lichens through ITS 
barcoding and high quality digital in situ imaging  
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The current checklists of fungi and lichens for Colombia include a total of 2,792 species, 
1,239 of which are macrofungi and 1,553 are lichens. This consists only a small portion of 
the taxa expected to occur in this megadiverse country. For example, 3,600 species of lichens 
have been estimated to be found in Colombia. Another problem is the reliability of 
identifications of listed names, since these are almost entirely based on morphological species 
concepts and often originate from unverified reports which have not undergone critical 
revision. Here we present a novel approach to the inventory of Colombian fungi and lichens: 
MY-COL. This project aims at documenting each species in the field with high quality digital 
in situ imaging and then identifying the taxa using the same material for DNA extraction and 
ITS barcoding. The digital images and core data will be disseminated through a LifeDesks 
project, with automated import into the Encyclopedia of Life (EOL) and with links to the 
sequence data in GenBank. Only species for which both high quality in situ images and ITS 
sequence data are available will be accepted in this database. We present a summary of the 
taxa currently recorded, with illustrated examples from both non-lichenized Ascomycota and 
Basidiomycota and lichenized species from both phyla. 
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A global genetic backbone for the fungi: the CBS-KNAW barcoding project 
Johannes   Stielow1*, Michel   de Vries2, Gerard   Verkley2, Marizeth   Groenewald2, Vincent   Robert3, 


Pedro   Crous4, Ursula   Eberhardt5 
 
1Collection, CBS-KNAW Fungal Biodiversity Centre, Netherlands 
2Collection, CBS KNAW, Netherlands 
3Bioinformatics, CBS KNAW, Netherlands 
4Phytopathology, CBS KNAW, Netherlands 
5Botany, Staatliches Museum f. Naturkunde, Germany 


  
The CBS collection currently hosts more than 90.000 strains of filamentous fungi and yeasts. 
This number is steadily increasing at the rate of close to 3000 new acquisitions per year. For 
identification and taxonomic placement, all the CBS strains are routinely subjected to DNA 
barcoding. Considering the significance of this world renowned collection to the scientific 
community and customers of the CBS, DNA barcode data for 90.000 fungi will reflect a 
milestone in understanding more regarding fungal evolution and genetic relationships. Thus, 
the primary aim of this project is to generate two standardized DNA identifiers (ITS/partial 
28S) of the entire fungal collection. Both, scientifically and strategically, by facilitating the 
selection of strains based on molecular marker information, the generated ‘barcodes’ will 
tremendously improve our ability to provide guidance to future projects and innovative 
research at the CBS. Since the project started in December 2009, significant progress has 
been made towards achieving this challenging goal. With support of lab robotics, a fully 
automated PCR-sequencing pipeline was set up which currently produces up to 10.000 
sequence reads per month. With these promising prospects, and already more than 260.000 
produced Sanger reads and 60.000 DNA extracts (> 80% of the public collection processed) 
available to date, a global genetic backbone for the culturable fungi is in close reach. 


  
Keywords: DNA Barcoding , Molecular Taxonomy , Phylogenetics , In silico identification , 
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The species concept in Bryoria sect. Implexae: when sequence data and morphology do 


not match microsatellites may help 
Carlos G. Boluda1*, Carolina Cornejo2, Olga Nadyeina2, Pradeep K. Divakar1, Víctor J. Rico1, Ana Crespo1, 


Christoph Scheidegger2, David L. Hawksworth3 
 
1Biología Vegetal II, Universidad Complutense de Madrid, Spain 
2Biodiversity, Swiss Federal Research Institute WSL, Switzerland 
3Botany, The Natural History Museum, United Kingdom 


  
Barcoding is a very usable tool in fungi due to homoplasy and the emergent abundance of 
cryptic species. It seems that in fungi genetic isolation precedes morphological 
differentiation, however the inverted pattern may also exist with little molecular but high 
morphological divergence. This may be the case in some species of Bryoria sect. Implexae, 
which includes seven traditionally recognized species in Europe. Previous studies showed a 
three-loci phylogeny with some of these taxa as conspecific. In order to study the genetic 
differentiation in this group, we developed 18 microsatellite and 5 highly variable 
phylogenetic markers. For analyses of population structures, 16 mainly Mediterranean 
populations were collected and European taxa, including some North American specimens, 
were used for a multi-gene phylogeny. Preliminary results show monophyletic clades not 
revealed previously by ITS marker and a variability of the morphology, chemistry and 
haplotype frequencies across the studied area. We conclude that the ITS region, which has 
been shown to effectively discriminate a broad range of fungal species, may not contain 
enough variability to discern species in this group. The markers tested here could be used as 
complementary markers for the barcoding of sect. Implexae. Furthermore, our results are 
consistent with previous study on recently diverging species of the genus Lobaria and may be 
relevant for species detection in other lichen lineages.  
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Taxonomic revision of the Ophiostoma ips species complex based on multigene 
phylogenies 


Maythasith Konkarn1, Michael J. Wingfield1, Kevin D. Hyde2, Z. Wilhelm de Beer1* 
 
1Department of Microbiology and Plant Pathology, Forestry and Agricultural Biotechnology Institute, 
University of Pretoria, South Africa 
2The School of Bioscience, Mae Fahluang University, Thailand 


 
Ophiostoma ips (Ophiostomatales, Ascomycetes) was originally described in 1931 as an 
associate of several pine-infesting bark beetles in the eastern USA. Subsequently, several 
species having a similar morphology and with characteristic pillow-shaped ascospores were 
described from insect-infested conifers in other parts of the world. The latter studies applied 
different criteria to define species and no single study considered all the species in what is 
best regarded as a species complex. As a result, recognition of species in the complex 
remains unresolved and confusing. The aim of this study was to elucidate the taxonomic 
status of all species in the O. ips-complex based on phylogenetic analyses of DNA sequences 
for three gene regions. The type material for all species in the complex was examined and a 
global collection of 132 living isolates was studied. Phylogenetic analyses revealed 19 clearly 
defined taxa, including 12 known species: O. ips, O. bicolor, O. montium, O. adjuncti, O. 
ainoae, O. aborea, O. brunneo-ciliatum, O. fuscum, O. japonicum, O. pulvinisporum, O. 
tapionis, and Ambrosiella ips. Epitypes were designated for the first three species, while a 
nomen novum was established for A. ips, which was previously treated as synonym of O. 
montium. Descriptions were provided for four new species, one each from Cuba, Mexico and 
the USA, and one from both Russia and Norway. 
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DNA barcoding of fungi in Taiwan 
Sheng-Hua Wu1* 


 
1Biology, National Museum of Natural Science, Taiwan 


  
DNA barcoding is important in identifying fungal species because it is effective in 
monitoring the species composition of the ecosystem, in determining the pathogenic fungi 
attacking plants or animals, and in identifying the fungi that cause diseases of human. This 
tool is also useful in identifying edible and poisonous fungi, as well as the medicinal fungi. 
DNA barcoding is essential for the fungal studies, due to its quick identification capability 
when studying huge number of the species present in the ecosystem, especially under current 
condition of poor understanding for the whole fungal taxa, and lacks sufficient taxonomists 
for species identification. Approximately 6,000 fungal species were reported from Taiwan, 
representing about one fourth of the species present there. A project of barcording work of 
fungi in Taiwan supported by Forestry Bureau belonging to the Council of Agriculture of 
Taiwan was started since 2008. This work is collaboration among domestic mycologists. This 
work not only offers effective service in fungal identification, the result is also useful in 
further research, and the preservation of fungal specimens and living cultures benefits 
biological conservation. During 2008-2013, a total number of 940 fungal species, 737 dried 
fungal specimens, 1078 fungal living cultures, and 1357 fungal barcodes were obtained from 
this project. The voucher specimens and cultures are preserved in national repositories in 
Taiwan. National Museum of National Science (TNM, Taichung) and Academia Sinica 
(HAST, Taipei) are two main herbaria for deposition of fungal specimens, and Bioresource 
Collection and Research Center of Food Industry Research and Development Institute 
(BCRC, Hsinchu) is responsible for maintaining fungal cultures. 
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Typification of Agaricus subrufescens Peck 
Carlos Velazquez-Narvaez 1*,Gerardo Mata-Montes De Oca1 


 
1Micologia, Instituto de Ecologia, A.C., Mexico 


 
In 1893, Peck described a cultivated mushroom as Agaricus subrufescens to specimens 
coming from New York, USA. Currently, A. subrufescens represents an edible and medicinal 
species. Accurate identity of species is necessary in order to guarantee the scientific research. 
The holotype (at NYS) has a mix composition of two elements (A and B) with bimodal 
macro- and micromorphological features, which is due to that consists of two different 
collections. Element B was designated as lectotype despite its traits do not match with any 
description of A. subrufescens or its synonyms (A. brasiliensis, A. rufotegulis), so such a 
lectotypification do not reflects neither the original nor the modern sense of this species. 
Epitypification represents an alternative solution to drawbacks of confusing types. Therefore, 
this proposal argue the designation of an epitype (Washington DC., USA; NYS) serving to 
represent this fungus. This epitype was studied, identified, and illustrated by Peck, and 
supports (do not substitutes) the holotype designated by Peck, as it is considered to be 
conspecific with the element A of the holotype, with the protologue, with other later 
descriptions and collections studied by Peck, and with almost all the ulterior descriptions to 
this species. Benefits of this epitype proposal is taxonomic agreement and stability for this 
mushroom. Epityping do not solve matter of co-specificity between A. subrufescens and 
allies, which remains to be irresoluble. Here, we just try to conserve the original sense by 
Peck, aside of its co-specifity. 
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DNA-barcoding herbarium specimens of obligate fungal pathogens – targeting the gaps 


in reference databases 
Sarah Hambleton1*, Quinn Eggertson1, Tara Edwards1, Tharcisse Barasubiye1, Scott Redhead1, André 


Lévesque1 
 
1Biodiversity (Mycology), Agriculture and Agri-Food Canada, Canada 


  
Diagnosticians at regulatory agencies or other government departments rely on access to a 
comprehensive, accurate, and curated reference DNA sequence database for robust 
identifications of plant pathogens in field samples, commodity imports/exports and as 
represented by DNA sequences derived from environmental samples. Herbarium collections 
are the most easily accessible source of obligate pathogens and their hosts. DNA-barcoding is 
being applied to specimens held in the National Mycological Herbarium in Ottawa (DAOM) 
of Peronosporales (2.8K), Erysiphales (4K) and Pucciniales (38K). A processing pipeline was 
developed to minimize destructive sampling of these irreplaceable collections while 
maximizing DNA yield and facilitating high throughput. Up to three replicate specimens 
were selected for a first pass based on taxonomic breadth, for both fungus and host plant, and 
lack of publicly available data. Of the 508 Peronosporales specimens sampled for DNA, 70% 
(354/508) were successfully sequenced for ITS1 rDNA and/or COX2 genes for specimens 
collected from 1873 to 2013. We now have consensus sequences representing all eleven 
sampled genera and 83% (181/219) of sampled species. The primary impact will be a 
mitigation of trade risks by reducing any misinterpretation of DNA signatures of innocuous 
species for those of regulated or invasive species. 
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Clear-cut tree stumps of low importance for threatened wood inhabiting fungi 
Ariana Kubartova1*, Jenni Norden2, Jan Stenlid1, Rimvydas Vasaitis1, Anders Dahlberg1 


 
1Department of Forest Mycology and Plant Pathology, SLU, Sweden 
2Natural History Museum, University of Oslo, Norway 


 
Clear-cutting and thinning tree-stumps constitute about 75% of the total amount of coarse 
woody debris (CWD) in managed boreal forests while the availability of naturally formed 
CWD in such forests has decreased to a small fraction since the beginning of 1900. In this 
study we tested our expectations that stump CWD selects for a different composition of wood 
inhabiting fungi than naturally formed CWD as they are of different quality. We did so by 
comparing the fungal communities in Norway-spruce stumps with naturally formed logs in 
nearby protected areas at seven localities on a latitudinal gradient along Sweden using 454 
sequencing. Both stumps and logs had high species richness. However, only four red-listed 
fungal species (Junghuhnia luteoalba, Metulodontia nivea (NT), Rhodonia placenta and 
Perenniporia subacida (VU)) were recorded in the stumps even though diverse threatened 
species were frequently recorded in the naturally formed CWD in the protected areas (e.g., 
Amylocystis lapponica, Fomitopsis rosea, Phlebia centrifuga). In accordance with our 
expectations, the stumps hosted mainly generalist fungal species (e.g. Leptodontidium elatius, 
Resinicium bicolor, Fomitopsis pinicola, Coniophora puteana) and obviously seemed to be 
an inappropriate type of wood for species of conservation interest that typically are more 
specialized. In order to really protect the rare fungi, it is necessary to stop loss and 
fragmentation of old-grown forests as their main habitat. 
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Sequence study of Ganoderma occurring in the USA 


Jiri Kout1*, Josef Vlasak2, Li-Wei Zhou3, Josef Vlasak Jr4, Yu-Cheng Dai5 
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About 60 Ganoderma specimens were collected over the most of USA territory during 2001–
2012, and their morphological characters are examined and ITS sequences were analyzed. 
Using European collections as standards, phylogenetic analysis revealed then Ganoderma 
species occurring in the USA: G. acontexta sp. nov., G. applanatum, G. australe, G. curtisii, 
G. fallax sp. nov., G. lobatum, G. sessile, G. zonatum, G. tsugae, and G. carnosum. The last 
two species are only indistinctly separated from European G. lucidum, but we kept them 
independent because they have unique ecological inhabits. G. oregonense and detected 
European G. valesiacum are found inseparable from G. carnosum. No difference was also in 
ITS sequences of G. curtisii, G. ravenellii, and G. meredithae. G. brownie from California 
was found identical with tropical G. australe. Two new species are described based on both 
morphology and phylogeny:G. fallax, similar to G. adspersum, and G. acontexta, which is 
probably identical with illegitimately described G. annulare. The structure of the genus 
Ganoderma is discussed.  
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Polyphasic recognition of cercosporoid fungi from northern Iran reveals several novel 


species 
Mounes Bakhshi1*, Mahdi Arzanlou1, Asadollah Babai-ahari1, Johannes Z. Groenewald2,  


Pedro W. Crous2 
 
1Plant Protection Department, Faculty of Agriculture, University of Tabriz, Tabriz, Iran 
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Cercospora and allied cercosporoid genera represent one of the largest fungal groups in the 
Mycosphaerellaceae (Capnodiales). These fungi are generally associated with leaf spot 
disease symptoms on wide range of plant species. The northern part of Iran, which is covered 
with dense forests, represents a natural paradise for plant diversity, and accordingly a hotspot 
for foliar fungi in general, and cercosporoid fungi in particular. However, most of the species 
to date have been identified and described on the basis of morphological characteristics in the 
absence of cultural and molecular data. The present study therefore represents the most 
comprehensive examination of cercosporoid fungi from this region to date, employing multi-
locus (ITS, TEF-1α, actin, calmodulin and histone H3) DNA sequence data, host, cultural and 
morphological characteristics. A total number of 210 isolates from 85 host species were 
subjected to phylogenetic analysis. Our results revealed a rich diversity of cercosporoid fungi 
in the sampled areas. Accordingly, several new species are introduced in the genera 
Cercospora, Pseudocercospora and Passalora. The majority of the species represent new 
records for the Iranian mycobiota, and several additional new hosts were recorded for 
previously known species. 
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Characterization and phylogenetic analysis of the mating-type loci in the asexual 


ascomycete genus Ulocladium 
Yun Geng1, Li-Yun Xia1, Qun Wang1, Xiu-Guo Zhang1* 


 
1Department of Plant Pathology, Shandong Agricultural University, Department of Plant Pathology, Shandong 
Agricultural University, China 


 
The genus Ulocladium is thought to be strictly asexual. Mating-type (MAT) loci regulate 
sexual reproduction in fungi and their study may help to explain the apparent lack of sexual 
reproduction in Ulocladium. We sequenced the full-length of two MAT genes in twenty-six 
Ulocladium species and characterized the entire MAT idiomorphs plus flanking regions of 
Ulocladium botrytis. The MAT1-1 ORF encodes a protein with an alpha-box motif by the 
MAT1-1-1gene and the MAT1-2 ORF encodes a protein with an HMG box motif by the 
MAT1-2-1gene. Both MAT1-1-1 and MAT1-2-1 genes were detected in a single strain of 
every species. Moreover, the results of RT-PCR revealed that both MAT genes are expressed 
in all twenty-six Ulocladium species. This demonstrates that MAT genes of Ulocadium 
species might be functional and that they have the potential for sexual reproduction. 
Phylogenies based on MAT genes were compared with GAPDH and Alt a 1 phylograms in 
Ulocadium using Maximum Parsimony (MP) and Bayesian analysis. The MAT genealogies 
and the non-MAT trees displayed different topologies, indicating that MAT genes are 
unsuitable phylogenetic markers at the species level in Ulocladium. Furthermore, the 
conflicting topologies between MAT1-1-1 and MAT1-2-1 phylogeny indicate separate 
evolutionary events for the two MAT genes. However, the intergeneric phylogeny of four 
closely allied genera (Ulocladium, Alternaria, Cochliobolus and Stemphylium) based on MAT 
alignments demonstrated that MAT genes are suitable for phylogenetic analysis among allied 
genera. 
  
Keywords: Asexual, homothallic, mating-type loci, phylogeny, Ulocladium 
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Molecular characterization of Ophiocordyceps dipterigena associated with its host flies 


(Diptera) 
Suchada Mongkolsamrit1*, Donnaya Thanakitpipattana1, Tuksadon Wutikhun2, Natthawut 
Wiriyathanawudhiwong1, Artit Khonsanit1, Wasana Noisripoom1, Kanoksri Tasanathai1,  
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Ophiocordyceps dipterigena (Hypocreales, Ascomycetes) is an entomopathogenic fungus 
that attacks flies (Diptera). This species is characterized by producing two stomata arising 
from the anterior abdomen of host and one at the posterior end of abdomen; its anamorph is 
Hymenostilbe dipterigena. A survey of entomopathogenic fungi has been carried out in 
forests and agricultural areas in Thailand. We found two species of infected flies from the 
forest and agricultural areas which were identified into insect families Muscidae and 
Tephritidae (fruit flies), respectively. Based on their morphological characteristics, these 
herbaria were identified as O. dipterigena. We suggested the possibility of these strains as 
cryptic species. Preliminary results of the molecular phylogeny based on ITS rDNA region 
clearly showed a separation these strains into two clades corresponding to two fly species. 
The results indicate that O. dipterigena should be composed of two species specific to 
different infected fly species. 
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Distribution and phylogenetic relationships of cicada pathogens in Hypocreales 


Kanoksri Tasanathai1*, Artit Khonsanit1, Wasana Noisripoom1, Donnaya Thanakitpipattana1, Natthawut 
Wiriyathanawudhiwong1, Suchada Mongkolsamrit1, Janet Jennifer Luangsa-ard1 
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Over 400 insect pathogenic fungal species have been recorded during a twenty-year survey of 
fungi in Thailand. There are currently 20 species of cicada reported from Thailand and eleven 
species of fungi have been found causing cicada death. These fungi are Isaria cicadae, I. 
takamizusanensis, Metarhizium anisopliae, M. cylindrosporae, M. flavoviridae, M. owariensis, 
Ophiocordyceps longissima, Cordyceps nipponica, C. ryogamimontana, C. cicadae and 
Elaphocordyceps paradoxa. Some species can be found throughout Thailand and some 
species are found only in certain regions such as M. owariensis, which is only found in Tak 
province. This research aims to study the spread of the fungi that causes disease in cicadas at 
Khok Pa Si Community Forest, Kalasin Province by collecting ecological data including 
rainfall, temperature and humidity. All these physical data were analyzed with the occurrence 
of fungi found in each month for 2 consecutive years. The specificity of fungus to cicada was 
studied using nucleoprotein peptide sequence analysis. The results showed that the spread of 
fungi depended on rainfall and the species of fungus is not specific to the species of cicadas. 
Three species of fungi infecting cicadas are commonly found in this community forest: E. 
paradoxa, C. nipponica and O. longissima. 
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Improved analysis of fungal communities using single copy gene rpb2 


Tomáš Větrovský1*, Miroslav Kolařík1, Lucia Žifčáková1, Tomáš Zelenka1, Petr Baldrian1 
 
1Ecology, Institute of Microbiology ASCR, Czech Republic 


 
In the studies on fungal diversity and ecology, the most widely used molecular marker is the 
internal transcribed spacer region of rDNA (ITS). However, as with other rDNA-based 
markers, the information on the relative abundance of taxa and diversity is skewed due to its 
multi-copy nature and the occurrence of ITS paralogs. In our study, we used the gene 
encoding the second largest subunit of RNA polymerase II (rpb2) as an alternative marker 
and demonstrated that this gene exhibits sufficient variation for use in phylogenetic analyses 
and taxonomic assignments. The analysis of rpb2 amplicons from spruce forest topsoil 
obtained using degenerate primers revealed broad taxonomic coverage, including basal 
fungal lineages. The rbp2 and ITS-based community analyses corresponded with regard to 
diversity and taxon spectrum but differed widely in sequence pool composition. For example, 
41% operational taxonomic units (OTUs) and 13% rpb2 sequences were found to belong to 
members of the basal fungal lineages, with it was only 1% OTUs and 3% sequences in the 
case of the ITS. The analysis of a mock community indicated that the use of ITS tends to 
overestimate the total diversity. Although the precise taxonomic placement of rbp2 sequences 
is more difficult than of ITS sequences due to a lower representation in GenBank, the 
phylogenetic discriminative power, better quantitative representation of community 
composition, and suitability for phylogenetic analyses represent significant advantages for 
rbp2 versus ITS and make this novel molecular marker useful for studies in fungal ecology 
and diversity. 
 
Keywords: Fungi, community composition, diversity, internal transcribed spacer, RNA 
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Coprinoid coprophilous fungi in Japan 


Toshimitsu Fukiharu1*, Kiminori Shimizu2 
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About 125 species have been recognized and recorded for coprinoid agaricales, consisting of 
Coprinus, Coprinopsis, Coprinellus and Parasola, (Basidiomycota) . Among them, about 40 
species are known to have coprophilous habit, which appear on animal excrement (2005 
Uljé). We have studied on the coprophilous fungi from Hokkaido to Okinawa (northern- to 
southernmost area in Japan). We and our colleagues have collected dungs of wild animals 
such as deer, serow, rabbit, cow, horse, bear, wildcat, etc. By the moist chamber method, the 
emergence of coprophilous fungi was induced, and the fruiting bodies appeared on the 
substrates were isolated. The collected samples were morphologically determined. The 
herbarium specimens were also surveyed. So far, we have identified 14 coprinoid 
coprophilous species, including 3 new records from Japan and 1 new species. This new 
taxon, designated as Coprinopsis igarashii, collected from a dung of deer in Hokkaido 
(northernmost island of Japan). This species is very similar to C. candidolanata in having two 
hyphal type veil elements but differs in having globose type veil element and heart shaped 
basidiospores, which are distinct morphological features in C. igarashii. These unique 
morphological characters discriminate the species from all other coprinoid species. The 
phylogenetic analysis of ITS data also supports this new taxon. In the session we will show 
the morphological details and phylogenic positions of newly recognized coprinoid 
coprophilous species from Japan. 
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Spatial heterogeneity of decomposition and fungal community composition within single 


Quercus petraea leaves 
Diana Galova1*, Petr Baldrian1 
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Decomposition of plant biomass requires production of corresponding degradative enzymes. 
Forest soils show considerable spatial heterogeneity of enzyme distribution as well as fungal 
community composition. In this work we asked if this spatial heterogeneity can be seen even 
at a scale of an individual leaf. In a broadleaved forest dominated by Quercus petraea, we 
collected leaves at different stages of decay: senescent leaves on twigs, and leaves after 2, 10 
and 22 months of decomposition. We measured the activity of cellobiohydrolase over the leaf 
surface and areas with the high and low enzyme activity were identified in each leaf. These 
areas of approx. 1 cm2 were cut out, DNA was extracted and fungal community was analysed 
using ITS2 sequencing. Cellobiohydrolase activity varied considerably over the surface of a 
leaf (up to 20-fold) and the highest activities were detected after 10 and 22 months of 
decomposition. In one spot we found in average 42 genera, ranging from 20 to 68, what gives 
evidence for substantial diversity even at such small area as 1cm2. Community of active and 
nonactive areas within a single leaf were different, but not in a consistent way. There was, 
however, a clear shift in community composition across litter of different stages of decay. 
Early stages were dominated by endophytes, saprotrophic basidiomycetes increased with 
time. Our results show that fungal communities are spatially heterogeneous even at the level 
of individual leaves. 
 
Keywords: Litter decomposition, fungal community, spatial heterogeneity, cellobiohydrolase 
activity, NGS sequencing 
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Spatial distribution of orchid mycorrhizal communities using 454 pyrosequencing 
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Although our knowledge on the ecology of orchid mycorrhizal associations is rapidly 
growing, little is known about their spatial structure. Seed baiting studies, where packets of 
orchid seeds are buried in the soil and later scored for germination, have contributed to the 
knowledge of spatial aspects of seed germination. Nevertheless, fungi that facilitate 
germination may not persist during the subsequent growth of orchids, thus, the data about the 
spatial distribution of orchid mycorrhizal communities might be incomplete. Here we 
examined the orchid mycorrhizal fungi in roots of two orchid species – Orchis militaris and 
Platanthera chlorantha. In addition, we evaluated the level of grazing, drought, overgrowth 
by trees and junipers and the population size of orchids. Soil samples were collected along 
32-m transects established in 21 calcareous grassland sites in Estonia. We used 454-
pyrosequencing technique for sequencing fungal ITS. Our preliminary results are in 
agreement with earlier observations that the abundance of orchid mycorrhizal fungi decreases 
with the distance from their host plant. Examination of the orchid mycorrhizal community 
revealed that members of Tulasnellaceae had the highest abundance while Sebacinales had 
the highest species richness. 
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Reidentification of Bipolaris spp. causing brown spot on rice and water bamboo in 


Taiwan 
Shu-Mei Chen1, Yi-Jeng Chen1, Wen-Hsin Chung1* 
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Brown spot of rice (Oryza sativa) and water bamboo (Zizania latifolia) caused by Bipolaris 
oryzae and B. zinaniae have been recorded in Taiwan. Previous studies indicated that the two 
species might be synonym based on its ability of cross-infection on rice and water bamboo 
and cross fertility. However, the morphological characteristics and phylogenetic relationship 
are still obscure between the Bipolaris spp. causing brown spot on rice and water bamboo in 
Taiwan. A total of 118 Bipolaris sp. isolates and 49 Bipolaris sp. were collected from water 
bamboo and rice, respectively. The morphological observation indicated that the Bipolaris sp. 
isolates collected from water bamboo or rice had similar conidia with rectangular hilum. The 
cross fertility test showed that certain isolates from rice or water bamboo could be successful 
in mating each isolate and producing ascospores. In this study, the pathogenicity test 
demonstrated that the isolates from rice could infect both detached leaves of rice and water 
bamboo and showed typical brown spot. Molecular phylogeny indicated that Bipolaris sp. 
isolates from rice and water bamboo formed monophyletic group based on ITS (internal 
transcribed spacer) region. The other side, the analysis of GPDH (glycerol-3-phosphate 
dehydrogenase) gene sequence showed that isolates from rice could be separated into two 
groups, and the isolates from water bamboo formed one group. According to the current 
results of morphology of conidia, affinity test, pathogenicity test and molecular analysis, the 
Bipolaris spp. causing brown spot on rice or water bamboo are considered to be the same 
species. 
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Assessment of Pestalotiopsis species related to grapevine diseases in China 
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Pestalotiopsis is one of the most important plant pathogen genera on economically important 
crops throughout the world. Pestalotiopsis species are responsible for causing postharvest 
fruit rot and trunk diseases in grapevine in many countries. As grape is an important crop for 
wine production and as a fruit in the world, studying of these diseases is very important. A 
study was conducted in vineyards of nine provinces in China to determine the Pestalotiopsis 
species causing fruit rot and trunk diseases. Multi-gene (ITS, β-tubulin and tef1) analysis 
coupled with morphology showed that Pestalotiopsis clavispora, P. foedans, P. samarangensis   
and P. trachicarpicola are the causal agents of fruit rot and trunk diseases in China. The four 
species mentioned earlier are reported for the first time as causative agents of grapevine 
diseases in the world. P. samarangensis caused significantly longer lesions than the other 
species of Pestalotiopsis recorded in this study. Pathogenicity tests showed that wounding 
triggers the disease symptoms. This study represents the first attempt to identify and 
characterize the Pestalotiopsis species causing grapevine diseases in China using both 
morphological and molecular approaches. 
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Identification and characterization of Diaporthe (Phomopsis) species causing grapevine 


trunk disease in China 
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Diaporthe (Phomopsis) species are reported as plant pathogens, endophytes or saprobes and 
have been isolated from a wide range of hosts including grapevine. Species of Diaporthe are 
less studied in Chinese vineyards. In this study, we observed the grapevine diseases caused 
by Diaporthe species in 14 grape vineyards located in different provinces of China. 
Morphological and multi-gene phylogenetic analyses (ITS, EF 1-α, β tubulin and CAL) 
confirmed that Diaporthe eres, Diaporthe fukushii, Diaporthe hongkongensis, Diaporthe 
phaseolorum and Diaporthe sojae are associated with grapevine trunk disease. Diaporthe 
fukushii is the dominant species among the isolates. All isolates of Diaporthe caused disease 
on detached grape shoots but differed in virulence. The incidence in local vineyards and the 
pathogenicity results indicate that D. eres, D. fukushii and D. hongkongensis are important 
pathogens of grapevine in Chinese vineyards. This is the first comprehensive report of 
Diaporthe species associated with grapevine trunk diseases in China and here we have found 
the association of D. hongkongensis, D. phaseolorum and D. sojae in symptomatic grapevine 
wood for the first time in the world. 
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Spatial and seasonal structure of whole and active microbial community in the 


mountainous spruce forest 
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Seasonal changes affect all natural processes as well as carbon cycling. Microorganisms play 
crucial role in soil carbon cycling as biomass decomposers. We have studied enzymatic 
activities of spruce forest soil microorganisms as well as their metatranscriptome and 
metagenome by sequencing on Illumina platform. 6 compositional samples divided into litter 
and humic horizons were taken from 6 study sites in winter and summer season. The aim was 
to show differences in the activity of microorganisms in the humic and litter horizon across 
seasons and to explore active and only present microorganisms. In this study is showed that 
there is more fungal biomass, higher activity of decomposing enzymes is in the litter horizon 
and in summer season compared to others. We have demonstrated that most of the 
microorganisms are present in both DNA and RNA communities, but differs in their 
abundance. Microorganisms respond to different seasons by changing expression rates of 
some functional genes. There is steep decline in sucrose and starch metabolism of fungi in 
humic horizon in winter season (9%) when compared with summer season (33%). This 
demonstrates dying out of mycorrhizal fungi in winter. Fungi are more translationaly active 
in summer (30 - 41%) compared with winter (24 - 10%) considering litter and humic horizon, 
in the order. Bacteria and Archea were less affect by seasonality than fungi. More work is 
needed to elucidate the functions of microorganisms in the soil. With databases overwhelmed 
with sequencing data without properly assigned function, physiological studies on model 
organisms are desired. 
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Seasonal changes in the functioning of fungal community in the coniferous forest soil 


and litter 
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Seasonal changes affect all natural processes as well as carbon cycling where fungi play an 
important role as decomposers and plant root symbionts. In forest ecosystems of the 
temperate and boreal zones, primary production is high in summers but low or none in 
winter. These changes are likely reflected by the activity of root-associated fungi, while the 
effects of seasonality on saprotrophic taxa is unknown. Here we have compared enzymatic 
activities, community composition and transcription of microorganisms from spruce forest 
soils. Litter and organic soil horizon samples were collected from six study sites in winter and 
summer season. Community composition was analysed by ITS2 sequencing and transcription 
was followed by shotgun mRNA sequencing. Higher fungal biomass and activity of 
decomposition-related enzymes was detected in litter and in summer. Most fungi were 
present in both DNA and RNA pools, but differed in their abundance. Microorganisms 
responded to seasonality by changing expression rates of some functional genes. The share of 
fungal mRNA production was higher in summer (30 - 41% of all transcripts) compared to 
winter, where they produced 24% in litter and only 10% in the soil. Bacteria and Archaea 
were less affected by seasonality. There was a steep decline in sucrose and starch metabolism 
of fungi in the humic horizon in the winter season (9%) when compared with the summer 
season (33%). This may indicate reduced activity of mycorrhizal fungi in winter. 
 
Keywords: Functioning, metatranscriptome, seasonality, fungi, soil 


 
*Presenter: Lucia Zifcakova 
Email: zifcakoval@gmail.com 
  
 


  671







P 5.3.16 
 
Scientific Theme : 5. Phylogenetics, Evolution and Systematics 
Session : 5.3. Diversity assessment, community ecology and species discovery using high 
throughput sequencing 
 
Account ID.IMC0721  
Abstract ID ABS1171 
 


Inferring the phylogeographic history of Ustilago maydis using population genomics 
Iman Sylvain1*, John Taylor1 
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“In 1492 Columbus sailed the ocean blue,” infamously returning to Europe with riches, crop 
plants, and plant pathogens from the New World. Ustilago maydis, the causative agent of 
corn smut, is native to the Western Hemisphere and generally believed to have been carried 
to Europe by early Spanish explorers [1]. U. maydis tracked its host out of Mexico, 
throughout the Americas, and now has a pan-global distribution. Previous studies using 
Simple Sequence Repeat loci have shown that this fungus is not panmicitic, and there are five 
genetically differentiated populations in the New World [2]. We are using SNPs gleaned from 
population genomic data to understand the global phylogeographic structure of corn smut 
populations. Specifically we are interested in discerning whether U. maydis populations in the 
United Kingdom, Europe, and China are more genetically similar to populations in the United 
States, Mexico, or South America, and whether or not their inferred migration reflects 
historical trade routes. 


1.  Christensen, J. J. (1963). Corn smut caused by Ustilago maydis (No. 2). St Paul, Minn.: American 
Phytopathological Society. 


2.  Munkacsi, A. B., Stoxen, S., & May, G. (2008). Ustilago maydis populations tracked maize through 
domestication and cultivation in the Americas. Proceedings of the Royal Society B: Biological 
Sciences,275(1638), 1037-1046. 
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Contribution to the knowledge of Aspergillus Section Aspergillus in Iran 
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Members of Aspergillus section Aspergillus are generally xerophilic, requiring high 


concentrations of sugar/salt for optimal growth, and are widely distributed in nature. The goal 
of this study was to evaluate the biodiversity of section Aspergillus in Iran. Some 300 strains 
were isolated from cereals (mainly straw and seeds), in northern and northwestern provinces 
of Iran during 2006–11. All strains were studied morphologically on suitable culture media at 
25ºC in the dark. Some 60 representative isolates were selected and the ITS, partial β-tubulin 
and partial calmodulin genes were sequenced. The sequences of these regions were analyzed 
individually and in combination in MEGA5. Based on morphological and molecular data, 10 
species belonging to section Aspergillus were identified. Among these, four species including 
A. chevalieri, A. echinulatus, A. niveoglaucus and A. repens are new records to Iranian 
mycobiota, and another two species are new, requiring formal description. One of the two 
new species resembles A. intermedius and the other one resembles A. heterocaryoticus. Major 
distinguishing characters of the two new species include ascospore dimensions and surface 
ornamentation. The most common Aspergillus species associated with cereals in Iran was A. 
amstelodami. Among genomic regions evaluated, calmodulin was the most informative 
marker that could serve as a reliable barcode region for species identification in section 
Aspergillus. 
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At the Hui-Sun Forest of National Chung Hsing University (Renai Township, Nantou 
County, Taiwan), a synnematous fungus was collected on dead stem of Amischotolype 
chinensis (Commelinaceae) on 26 November 2005. The fungus was morphologically 
characterized as follows: 1) synnemata were erect, unbranched, with a shiny blackish stalk 
and a dry ellipsoidal brown capitulum (the latter occupied about upper 1/3), up to 2 mm long 
and 75 µm wide at the base; 2) conidiogenesis was similar to that of Torula, but differed in 
having slender simple conidiophores; 3) conidia were 2-10-celled, moniliform, straight or 
slightly curved, catenulate or partly branched semi-dichotomously/from the side; component 
cells were holoblastically produced, subspherical or doliform, rough-surfaced, brown, 4-7 µm 
in diam; and 4) colonies of the isolate (JCM 14194) were grayish black (reverse black) on 
PDA; no conidia/synnemata were produced in culture. Molecular phylogeny inferred from 
28S rRNA gene D1/D2 region indicated that the fungus belongs to the Pleosporales 
(Ascomycota), but no related family was found. Based on ITS sequences, there were no 
related fungi including the Torula species. This Torula-like synnematous fungus is unique in 
morphology and molecular phylogeny, thus the species should be classified in a new 
pleosporalean genus. 
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Phenotypic evolution in the soybean sudden death syndrome and bean root-rot 
pathogens (Fusarium solani species complex) 
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The soybean sudden death syndrome (SDS) and bean root-rot pathogens that belong to clade 
2 of the Fusarium solani species complex have been characterized extensively employing 
morphological, molecular phylogenetic and pathogenicity data. Of the seven novel species 
discovered and formally described in these studies, four induce soybean SDS (F. tucumaniae, 
F. virguliforme, F. brasiliense and F. crassistipitatum), two cause kidney bean or mung bean 
root-rot (F. phaseoli and F. cuneirostrum), and F. azukicola induces azuki bean root-rot. 
These species can be differentiated by conidial and conidiophore morphology, as well as by 
phylogenetic analysis of DNA sequence data from one or more informative gene. A detailed 
phenotypic analysis revealed that this group was defined by a set of synapomorphic 
characters: [1] multiseptate conidia on tall aerial conidiophores, [2] 0(–1)-septate ellipsoidal 
conidia on short aerial conidiophores, [3] multiseptate conidia in sporodochia, and [4] very 
slow mycelial growth rates (1–3 mm/day) on PDA. Moreover, each species could be 
diagnosed by a unique combination of morphological characters, such as conidial shape, size 
and color, and thickness of the conidiophore cell wall, suggesting each species possessed 
unique autapomorphies. Koch’s postulates were completed for the four SDS and three bean 
root-rot pathogens, demonstrating that these seven fusaria are pathogenic to their respective 
hosts. 
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Multigene phylogeny reveals that isolates of the pine root-infecting fungus, Grosmannia 


huntii, represent two distinct species 
Tuan Duong1*, Z. Wilhelm De Beer2, Brenda Wingfield3, Lori Eckhardt4, Michael Wingfield5 


 
1Department of Genetics, Forestry and Agricultural Biotechnology Institute, South Africa 
2Department of Microbiology and Plant Pathology, Forestry and Agricultural Biotechnology Institute, 
University of Pretoria, South Africa 
3Department of Genetics, Forestry and Agricultural Biotechnology Institute, University of Pretoria, South Africa 
4Forest Health Dynamics Laboratory, School of Forestry and Wildlife Sciences, Auburn University, United 
States 
5Deparment of Genetics, Forestry and Agricultural Biotechnology Institute, University of Pretoria, South Africa 


 
Grosmannia huntii (asexual morph Leptographium huntii) is an ascomycete often associated 
with scolytine beetles infesting roots of conifers. This fungus is primarily known as a causal 
agent of blue stain in timber but inoculation studies have also shown that it can cause 
significant lesions in Pinus seedlings and young trees. Subsequent to its 1964 description in 
Canada, isolates of G. huntii have been reported from various parts of the world including 
Chile, England, New Zealand, Portugal and the USA. In this study, we considered the 
identity of putative G. huntii isolates using multiple gene phylogenies and determined the 
genetic diversity of this species using microsatellite markers. Phylogenetic analyses using 
sequence data from the ITS2-LSU, beta-tubulin and elongation factor-1 alpha regions 
revealed that isolates from different parts of the world represent two distinct species. One of 
these included the ex-type isolate of G. huntii as well as isolates from Canada and the USA. 
The second group of isolates represents a new species including collections from the USA, 
England, New Zealand, Chile, Portugal and Australia. Population genetic studies are now 
being completed being to determine the origin and global movement of this new species. 
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Evolution of the mating system in Leptographium sensu lato 
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Species of Leptographium sensu lato (Ophiostomatales, Ascomycetes) are sap-stain fungi 
vectored by bark beetles (Coleoptera, Scolytinae) and some species are associated with root 
diseases in conifers. The genus includes more than 90 species residing in 10 species 
complexes. Sexual states have been observed for more than 30 species that have traditionally 
been treated in the genus Grosmannia. The remaining species are known only by their 
asexual morphs and have been treated in Leptographium. The aims of this study were (1) to 
identify the mating systems of species in Leptographium sensu lato, and (2) to consider the 
evolution of the mating system in the genus. To achieve these aims, we developed PCR 
markers to diagnose the mating systems based on the sequence of the mating genes. The 
results showed that heterothallism was the dominant mating system (37 of 40 species 
investigated), and this is generally true for many of the presumably asexual species. Only a 
small number of species had a homothallic mating system (3 of 40 species investigated). The 
results showed that heterothallism is most likely ancestral and homothallism has recently 
emerged in the genus. Further research considering the structures of the MAT loci from these 
species are being undertaken in order to refine evidence regarding the evolution of mating 
type systems in Leptographium sensu lato. 
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A Taxonomic and Phylogenetic Revision of Niesslia (Hypocreales, Niessliaceae) 
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The species of Niesslia (anamorphs Monocillium) form a monophylum as evidenced LSU, 
ITS, TEF1-alpha and gamma ACT partial gene sequencing. Since a first tentative study of 
this group by Gams in 1971, a stock of some 180 strains has accumulated at the CBS 
collection, which are being revised morphologically and phylogenetically using state of the 
art methodology. Phylogenetic analysis indicated the existence of at least 65 clades which 
might deserve species status. Currently, a total number of 85 species is keyed out according 
to teleomorph characters (among which 38 species are not available as pure cultures for this 
molecular study), with an additional 24 ones, for which only anamorph characters are 
available. Since only few isolates are available for each of these species (the proposed 
OTUs), it is expected that many more species will be distinguishable when sufficient 
quantities of material will be examined in the future (incomplete taxon sampling). The 
species are mainly collected from rather persistent, but strongly decomposed plant leaves or 
needles; eleven species have so far been described as lichenicolous. 
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The diversity of Pyricularia in Australia 
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The genus Pyricularia contains species that cause blast diseases in many grasses (Poaceae) 
around the world, including P. oryzae on rice (Oryza sativa), and P. grisea on wheat, maize 
and barley. Severe rice blast epidemics have recently occurred in several locations across 
northern Australia and it is unclear whether these epidemics have arisen as a consequence of 
an incursion of P. oryzae from south-east Asia or instead, have been caused by an endemic 
Pyricularia. Northern Australia is a centre of diversity for wild rice (Oryza spp.). To address 
this question, twenty-five isolates of Pyricularia from various native and introduced grasses 
in Australia were studied using morphological and molecular phylogenetic methods. 
Phylogenetic analyses of the internal transcribed spacer (ITS) region of the ribosomal DNA 
and the large subunit of RNA polymerase II gene (RPB1) indicated that Pyricularia species 
in Australia comprise several cryptic taxa. Of significance was that none of the Australian 
specimens were phylogenetically close to the type specimens of P. grisea and P. oryzae. 
Specimens of Pyricularia from wild and domesticated rice in Australia appear to represent at 
least two novel taxa, and these taxa have probably had very long associations with wild rice. 
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Two new remarkable pleosporalean genera from freshwater habitat in Europe, and 
their phylogenetic placement based on molecular data 


Ying Zhang1* 
 
1Forest Protection, Beijing Forestry University, China 


 
During our survey of the biodiversity of lignicolous freshwater fungi in Europe, several new 
genera and species have been reported. In this paper we report on another two remarkable 
pleosporalean genera, i.e. Phragmospora and Sulcatispora, of which Phragmospora is nested 
in Lindgomycetaceae, and Sulcatispora is temporarily assigned to Tesudinaceae.  
Morphologically, Phragmospora and Sulcatispora fit the circumscriptions of 
Trematosphaeria s. l.or Massariosphaeria s. l., but can be readily distinguished on the basis 
of molecular phylogenetic analysis results. The clade of Phragmospora contains four 
freshwater species, i.e. P. typhicola, P. immerse, P. aquatica and P. britzelmayriana, and 
they shares numerous morphological characters, such as immersed to erumpent ascomata, 
clavate, 8-spored asci, cellular pseudoparaphyses embedded in gel matrix and pigmented, 
phragmosporous, verruculose ascospores. Two species, i.e. S. wegeliniana and S. macrospore 
are nested in Sulcatispora, which are characterized by their phragmosporous pigmented 
ascospores with sub-hyaline, thin-walled terminal cells. Basing on its circumscription, 
Trematosphaeria crassiseptata is assigned to Sulcatispora as S. crassiseptata.  
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A new Ophiostoma species in the O. pluriannulatum complex from Ghana 
Taru Koskinen1*, Riikka Linnakoski2, Z. Wilhelm de Beer3, Ari Pappinen1, Michael J. Wingfield3 
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Ophiostoma includes numerous species that are important forest pathogens or that cause sap 
stain and thus significant economic losses in timber production. The global diversity of 
Ophiostoma spp. is poorly known outside Europe and North America. The O. pluriannulatum 
complex represents a group of species that share similar morphological characteristics and is 
known to include several undescribed taxa. To extend the base of knowledge regarding the 
distribution and diversity of Ophiostoma spp., fungi were isolated from the wood of white 
mahogany (Khaya anthotheca) logs in Ghana. This resulted in putative novel species in the 
O. pluriannulatum complex. Isolates of this fungus and others in the O. pluriannulatum 
complex originating from South Africa were compared based on ITS and β-tubulin sequence 
data. Phylogenetic analyses using the ITS data showed that the isolates grouped in the same 
clade as those of O. pluriannulatum from South Africa. The β-tubulin sequences placed the 
Ghana isolates apart from those of all other Ophiostoma spp. This is clearly a new species in 
the O. pluriannulatum complex, for which the morphology is currently being characterized. 
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Phylogeny of Pseudoclathrosphaerina, an aero-aquatic fungus, and its two new species 
isolated from Thailand and Japan 


Kaoru Yamaguchi1*, Charuwan Chuaseeharonnachai2, Yukiko Tabuchi1, Kuniko Shimamura1,  
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1Biological Resource Center (NBRC), National Institute of Technology and Evaluation (NITE), Japan 
2Bioresources Techonology Unit, National Center for Genetic Engineering and Biotechnology (BIOTEC), 
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In a collaborative research on the diversity of aero-aquatic fungi in Thailand between NITE 
of Japan and BIOTEC of Thailand, 34 isolates of Pseudoclathrosphaerina spp. were obtained 
from aquatic habitats in Thailand and Japan. In the genus Pseudoclathrosphaerina, only two 
species has been described, P. evamariae (type species) and P. spiralis, so far. Their conidia 
are globose, forming densely interwoven clathrate structure with repeatedly dichotomously 
branching conidial filaments, whose tips are not fusing. The phylogenetic analysis based on 
the sequences of LSU and 5.8S-ITS rDNA and rpb2 genes using our isolates and reference 
strains revealed Pseudoclathrosphaerina belongs to Helotiales in Leotiomycetes. The 
phylogenetic analysis based on rpb2 gene sequence showed the Pseudoclathrosphaerina 
strains were separated into 4 clades. Two of them were the clades of P. evamariae and P. 
spiralis including the ex-type and authentic strain of each species. The third clade was a new 
species characterized by unique morphology of conidia, in which the apical tips of the 
dichotomously branching conidial hyphae grow straight like a tuning fork, unlike spiral form 
in P. spiralis. The fourth clade was another new species, whose conidial morphology looks 
similar to P. spiralis, but hyphal growth on 2% MEA was much slower than P. spiralis and 
other species. 
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Independent origins and cryptic speciation among host-associated populations of 
Ceratocystis ethacetica in Cameroon 


Michael Mbenoun1, Brenda Wingfield2, Michael Wingfield3, Teboho Letsoalo3, Wubethu Bihon2, 
 Jolanda  Roux3* 
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2Department of Genetics, FABI, University of Pretoria, South Africa 
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For more than 100 years, and due to convergent evolution of morphological traits, 
Ceratocystis ethacetica was considered a synonym of the well-known plant pathogen C. 
paradoxa. Ceratocystis ethacetica was recently re-instated as a distinct species based on 
multilocus DNA phylogenies and it was shown to be highly diverse, with a wide-spread and 
broad host range. In this study a collection of 71 isolates from cacao, oil palm and pineapple 
in Cameroon, supplemented with nine isolates from various other hosts and regions globally, 
were studied based on seven SSR loci as well as the nuclear TEF1-α gene. Population genetic 
analyses identified four genetic groups within C. ethacetica. Two of these were associated 
with oil palm in Cameroon and showed substantial genetic diversity, suggesting that they 
represent indigenous populations of this pathogen. In contrast, the remaining two groups, 
associated with cacao and pineapple respectively, had low genetic diversity and probably 
represent introduced fungi. There was no significant evidence of gene flow between any of 
these groups. In addition, maximum parsimony analyses of sequences from the TEF1-α as 
well as the flanking regions of six combined SSR gene loci were concordant and consistent 
with population genetic analyses, suggesting that C. ethacetica represents a multi-species 
complex. 
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Can asexual ascomycetous species give rise to species with sexual stage? 
Philipp Gannibal1* 


 
1Laboratory of Mycology and Phytopathology, All-Russian Institute of Plant Protection, Russian Federation 


 
Most of alternarioid hyphomycetes (approximately 370 species of the genus Alternaria and 
ten allied genera) have no known sexual stage. Nevertheless all studied species without 
known teleomorph have retained genetic determinants of the heterothallic mating system – 
two independent idiomorphs (~alleles) of the MAT1 locus. Only 19 species have described 
sexual morphs. Among them one species was proved to be heterothallic when other species 
are evidently or presumably homothallic. The species with teleomorphs were found in five 
clades of the alternarioid hyphomycetes that are scattered among heterothallic species.That 
indicates the polyphyletic origin of homothallism. Similar polyphyly was found in 
Cochliobolus and some other genera. Analysis of several ascomycetous genera shows that 
evolution from hetero- to homothallism is possible but the opposite evolutionary way is 
unlikely. The only one known exclusion is Aspergillus (Eurotiomycetes) where self-
incompatibility is the derived state. We hypothesize that in alternarioid hyphomycetes 
(Dothideomycetes) homothallic species have heterothallic ancestors, but those ancestral 
forms were asexual. The combination of both MAT1 idiomorphs in one genome recovers the 
ability to produce ascomata.This work was supported by the Russian Foundation for Basic 
Research (grant # 12-04-00677). 
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Phylogenetic analyses resolve species boundaries in the Leptographium procerum 
complex 
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Leptographium procerum (Ophiostomatales, Ascomycota) is a bark beetle-associated, root-
infesting fungus on Pinus spp. In recent years, this fungus has gained notoriety due to its 
association with large-scale mortality of pines in China, where it is vectored by Dendroctonus 
valens. Several species, closely related to L. procerum have been described during the past 
decade and this has complicated the taxonomy of the group. The aim of this study was thus to 
reevaluate the species boundaries in the L. procerum complex using multigene phylogenetic 
analyses and morphological comparisons. A seven-gene phylogeny (ITS2-LSU, ACT, BT, 
CAL, TEF-1α, MAT 1-1-3 and MAT 1-2-1) including 33 isolates previously identified as L. 
procerum, together with all previously described species in this groups, revealed nine distinct 
species. These include L. procerum, L. bhutanense, L. gracile, L. profanum, L. pini-
densiflorae, L. sibiricum, L. sinoprocerum, as well as two new species from China and Japan. 
The results also showed that L. lateens is a synonym of L. gracile. Because there is no living 
culture associated with the holotype of L. procerum, and epitype has been designated for this 
fundamentally important species. Although sequences for the mating genes suggest that all 
species in the L. procerum complex are heterothallic, a sexual state could not be induced to 
form for any of the species. Given that six of the nine species are from Southeast Asia, it is 
possible that this area represents the centre of diversity for the L. procerum complex. 
 
Keywords: Leptographium procerum, phylogeny, taxonomy, bark beetle associates, 
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The first molecular study on endophytic Cercospora sp. from Cinchona calisaya 
Nani Nani1*, Gayuh Rahayu2, Izumi Okane3, Iman Hidayat4 
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Two species of cercosporoid fungi from Cinchona, namely Pseudocercospora cinchona and 
Pseudocercospora cinchonicola have been reported. However, no report was found on the 
molecular study of those fungi. During the study of fungal endophytes from C. calisaya in 
Indonesia, two unsporulated isolates of Cercospora has been collected from a healthy petiole. 
Since there is no molecular study on cercosporoid fungi from Cinchona, the phylogenetic 
study was carried based on multigen analysis of the internal transcribed spacer (ITS), part of 
the elongation factor (EF)1-α sequence, actin (ACT), calmodulin (CAL) and histon (HIS) 
sequences using maximum parsimony method. Based on its phylogeny, the isolates were 
determined to belong to the unknown species 
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Influence of mating structure and strain fertility on effective population of Fusarium 
verticillioides 


Wojciech Wakulinski1*, Emilia Jablonska1, Marcin Wit1 
 
1Department of Plant Pathology, Warsaw University of Life Sciences (SGGW) 
  
Fusarium verticillioides (Sacc.) Nirenberg (perfect stage Gibberella fujikuro (Sawada) 
Wollenw.) is worldwide distributed, heterothallic fungus with dimictic mating system, 
governed by MAT1-1 and MAT1-2 idiomorphs. In nature perithecia of this species has been 
recognized only twice but its genetic diversity may suggest occurrence of cryptic sex or 
alternate mode of variability. Several factors can affect sexual reproduction, among them: 
mating type ratio, frequency of female sterility strains and some population traits (size, 
overlapping of particular generation and spatial dispersion) significantly influenced on 
effective population size (EPS). The aim of the study was: determination the frequency 
MAT1-1 and MAT1-2 idiomorphs, estimation of female and male fertility strains among 
tested strains, evaluation of effective population. F. verticillioides strains were isolated from 
various parts of healthy looking and infected maize plants collected around Poland. Based on 
single spore isolates identification were performed according to Nelson (1983) and Leslie and 
Summerell (2006). Taxonomy was confirmed moleculary using SCAR markers (Mule et al. 
2004). MAT1-1 and MAT1-2 idiomorphs were identified in PCR assays using Steenkamp et 
al. (2000) primers. Female/male fertility of gathered isolates was checked in a set of crosses 
against FGSC 7600 and FGSC 7603 tester strains. The EPS was calculated based on 
idiomorphs frequency and ratio of female fertile isolates. Among 43 tested strains 36 were 
female fertile i.e. after crossing with opposite mating type strain produced perithetia with 
alive ascospores. None of the F. verticillioides showed male sterility trait. MAT1-1 and 
MAT1-2 idiomorphs were present in 30% and 70% isolates respectively. The value of 
effective population estimated on the base of mating types was 36,28 and constituted 84% of 
total population. EPS was also significantly reduced due to occurrence of female sterile 
strains and constituted 68% of the count.  
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Phylogenetic placement of endophytic and endolichenic fungi within Eurotiomycetes 
reveals a new order – Phaeomoniellales 


Ko-Hsuan Chen1*, Jolanta Miadlikowska1, Katalin Molnar2, A. Elizabeth Arnold3, Jana M. U’Ren3,  
Ester Gaya4, Francois Lutzoni1 
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Fungal endophytes, which occur within plants as endophytic fungi and in lichens as 
endolichenic fungi, cause no apparent symptoms on their hosts. Due in part to their frequent 
lack of visible reproductive structures and other phenotypic traits in nature, the diversity and 
phylogenetic affiliations of these cryptic fungi are poorly known. By applying a culture-based 
approach with a single marker spanning the ITS and 600 bp of the nrLSU, coupled with a 
multilocus phylogenetic approach, we found that fungal endophytes within the class 
Eurotiomycetes are distributed in three main clades: Eurotiales, Chaetothyriales and a 
previously undescribed clade, here named Phaeomoniellales. This new order is sister to the 
clade including Verrucariales and Chaetothyriales. It consists mainly of endophytic fungi and 
plant pathogens that appear to have arisen from a lichen-forming ancestor (i.e., mycobiont). 
This transition from a lichenized state to symbiotrophism with plants seems to be associated 
temporally with the origin of seed plants (Spermatophyta). The morphological characters of 
fungal endophytes within Phaeomoniellales show great similarity with those of the previously 
incertae sedis pathogenic genus Phaeomoniella. This study highlights the importance of an 
ecological, culture-based, and multi-locus exploration of unknown fungal biodiversity hidden 
in endophytic/endolichenic symbioses for revealing the structure of the fungal tree of life. 
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A serious shoot blight disease of Pinus ponderosa in California caused by a single clone 


of Diplodia sapinea 
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Diplodia sapinea, a well-known pathogen of pine, can exist as an endophyte until the onset of 
stress when it can cause a very serious shoot blight and canker disease. Recent and severe 
outbreaks of shoot blight in stands of native Pinus ponderosa in northern California, have 
raised questions regarding the reasons for the unprecedented level of disease in this area. We 
sampled 42 mature trees with Diplodia shoot-blight symptoms from five northern California 
locations in July 2009. The identity of the isolates obtained was confirmed as D. sapinea 
using DNA-sequence comparisons for the EF1-α gene region. The diversity in the 
populations was assessed by identifying Vegetative Compatibility Groups (VCG) and 
through screening with 13 microsatellite markers. The mating types of the isolates were also 
determined. Results showed that a single clone of D. sapinea was present. From 399 isolates, 
four multilocus haplotypes were identified and one dominated all five populations sampled. 
Only one VCG was found for all the isolates but these included both mating type idiomorphs. 
In the latter case, the MAT1-1-1 gene was present in only one haplotype that accounted for 
eight percent of the isolates while all other isolates were of the MAT1-2-1 mating type. The 
results suggest that a highly aggressive clone of D. sapinea has spread throughout P. 
ponderosa forests of northern California causing a severe shoot blight epidemic. This could 
be explained by an accidental introduction of a fungal strain into the area or possibly climatic 
conditions that have favoured this particular haplotype of the pathogen. 
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Marine Dactylospora species including D. vrijmoediae sp. nov. form an unidentified 
lineage in the Eurotiomycetes 


Ka-Lai Pang1* 
 
1Institute of Marine Biology, National Taiwan Ocean University, Taiwan Region 


 
An apparently undescribed lignicolous Dactylospora species was collected on a rocky shore 
in northern Taiwan. Ascomatal morphology of this fungus is similar to other marine 
Dactylospora species while the unique feature of the new fungus is a distinct perispore 
forming an ascospore appendage, which comprises a thick and hyaline sheath connected at 
the septum and open at both ends. Dactylospora vrijmoediae is described as new to science 
and illustrated. A phylogenetic analysis of the partial nuclear SSU and LSU rRNA and RPB2 
genes groups D. vrijmoediae with the marine species D. haliotrepha, D. mangrovei and the 
terrestrial Sclerococcum sphaerale in an unnamed clade in the Eurotiomycetes. The marine 
Dactylospora species are distantly located from the terrestrial Dactylospora species included 
in the analysis (D. lobariella, D. imperfecta) but this needs confirmation. 
 
Keywords: Ascomycota, Dactylosporaceae, discomycete, marine fungi 


 
*Presenter: Ka-Lai Pang 
Email: klpang@ntou.edu.tw 
  


  690







P 5.4.19 
 
Scientific Theme: 5 Phylogenetics, Evolution and Systematics 
Session: 5.4 Genomes, genes and morphology: Making sense of the Ascomycota 
 
Account ID IMC1324  
Abstract ID ABS0920 
 


Sooty moulds in Thailand 
Putarak Chomnunti1*, Qing Tian1, Sinang Hongsanan1, Kevin Hyde1 
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Sooty molds are hyper-diverse and we have discovered many new species in Thailand. 
Presently sooty moulds are found in seven families and several orphaned genera of 
Ascomycota, many of them lack connections between the asexual and sexual morphs, and 
numerous species remain in uncertain taxonomic placements. Sooty moulds have been 
reported in Capnodiaceae, Euantennariaceae and Metacapnodiaceae of Class 
Dothideomycetes, and Chaetothyriaceae, Coccodiniaceae and Trichomeriaceae of Class 
Eurotiomycetes. Various sooty moulds in Thailand are complex and recently three families in 
two classes of fungi have been clarified. We have studied the systematics of sooty moulds in 
Thailand, based on morphological characters using the type species as references and 
molecular analysis of DNA sequence data and found tropical sooty moulds to belong in 
Capnodiaceae, Chaetothyriaceae and Trichomeriaceae. However, this was the first serious 
study of this group of fungi in any tropical country and further studies are needed. By 
investigating a specific habitat where we know all plant species, we can establish whether 
sooty moulds are diverse, or if we are already are aware of most species. By carrying 
molecular analysis of sooty mould collections we can establish if these poorly studied fungi 
are presently well-identified. We are finding new species and families of sooty moulds. There 
is a three-way relationship between the plant host, the insect sap feeder and the sooty moulds 
that grow on the excreted sugary sap. By analyzing the fungal species, plant hosts and insect 
species in a restricted habitat, it will be possible to establish whether there are any 
relationships and the result will be applied to control the sooty moulds in economic plants 
using bio-control. 
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Aspergillus, its sexual states and the new International Code of Nomenclature 
John Pitt1*, John Taylor2 
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The new International Code of Nomenclature for algae, fungi and plants (ICN) demands that 
fungi with both sexual and asexual names now bear only a single name. Although priority is 
no longer associated with the mode of reproduction, the ICN requires justification for 
choosing an asexual name over an existing sexual one. The phylogenetic approach that made 
dual nomenclature for fungi obsolete can be used to assist the process of choosing names for 
large groups of fungi commonly known by asexual names, such as Aspergillus. This genus is 
associated with 11 sexual genera, some of which are well supported clades with distinct 
phenotypes, which include sexual morphology as well as physiological attributes associated 
with xerophily, thermophily and mycotoxin production. Several such sexual genera can 
continue to be used without recourse to the ICN. One group of species important to food 
production and food safety, Aspergillus section Circumdati, lacks a well supported clade and 
we suggest that the name Aspergillus continue to be applied to this section. This will require 
retypification of Aspergillus on A. niger as type, but also allows retention of the important 
spoilage genus Eurotium, which currently includes the type species of Aspergillus. Using the 
phylogenetic approach, we discuss the consequences of various scenarios to implement the 
new “one name for one fungus” Article in the ICN, and show that our approach requires the 
fewest appeals to the ICN while retaining the name Aspergillus for many of the most 
economically and socially important species. 
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Four species of Lasiodiplodia on Myrtales from southern Africa including two new 
species 


Lucas Shuttleworth1*, Jolanda Roux1, Michael Wingfield1 
 
1FABI, University of Pretoria, South Africa 


 
The genus Lasiodiplodia (Botryophaeriales) has a cosmopolitan distribution with species 
occurring on most continents in both agricultural and native ecosystems. Species are mainly 
associated with woody plants in tropical and sub-tropical climates. They include endophytes 
and latent pathogens that often cause disease when the host is under stress. Native vegetation 
provides a reservoir of these pathogens that may infect forestry species such as acacia, 
eucalypts and pine. Additionally, forestry species are a reservoir for pathogens that may 
escape into native ecosystems. The objective of this study was to collect and identify species 
of Lasiodiplodia on native Myrtales from southern Africa (Botswana, Namibia, Zambia). 
Morphology and genealogical concordance phylogenetic species recognition using ITS, 
TEF1-α, β-tubulin, and rpb2 were used to describe species. The species identified were 
Lasiodiplodia combretae sp. nov., Lasiodiplodia mahajangana, L. pseudotheobromae and 
Lasiodiplodia zambeziaca sp. nov. L. mahajangana and L. pseudotheobromae are 
documented plant pathogens. L. pseudotheobromae was most the commonly isolated, found 
on 10 different host species; Combretaceae: Combretum (6 species), Terminalia (3 species); 
and Myrtaceae: Syzygium (1 species). Future studies will determine the pathogenicity of L. 
combretae sp. nov. and L. zambeziaca sp. nov. The results of this study will help identify 
emerging botryosphaerious pathogens in southern Africa and will add to the known 
distribution of Lasiodiplodia in Africa and globally. 
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A systematic treatment of Dothideales : a molecular and morphological approach 
Kasun Thambugala1*, Hiran Ariyawansa1, Zuo-Yi Liu2, Ekachai Chukeatirote1, Peter Mortimer3, Jianchu Xu3, 


Kevin Hyde1 
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The type specimens or representative specimens of Bagnisiella, Botryochora, Coccostromella, 
Columnosphaeria, Delphinella, Dictyodothis, Dothidea, Dothiora, Endodothiora, Jaffuela, 
Mycoporis, Omphalospora, Pachysacca, Plowrightia, Saccothecium, Stylodothis, Sydowia 
and Yoshinagaia were examined and fresh specimens of Dothideales were collected from 
Italy and Thailand. An introduction and the history of these genera, family placement, 
morphology, and molecular phylogeny are provided. This material and GenBank data are used 
to provide a systematic treatment of Dothideales based on morphology and multi-gene 
phylogenetic analysis. Multi-gene (LSU, SSU, ITS) phylogenetic analysis was carried out and 
in the resulting phylogenetic tree the taxa cluster in two clades with high bootstrap support. 
Clade A comprises the family type of Dothideales and represents Dothideaceae, and 
Dothioraceae is not recognized as a distinct family and is synonymized under Dothideaceae. 
Clade B comprises Aureobasidium, Kabatiella, Pseudoseptoria, Saccothecium, Selenophoma 
species and Columnosphaeria fagi, for which we propose a new family. The recently 
introduced Sydowia eucalypti also clustered within Clade B, therefore based on morphology 
and molecular phylogeny a new genus Pseudosydowia is introduced for Sydowia 
eucalypti.Celosporium laricicola separates from both A and B Clades, and therefore it is 
placed in Dothideales genera, incertae sedis. The Bagnisiella, Botryochora, Coccostromella, 
Jaffuela, Lucidascocarpa, Mycoporis, Omphalospora, Pachysacca and Yoshinagaia are 
excluded from Dothideales and their placements discussed. 
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Phylogenetic relationships of members of the highly polyphyletic Encoelia and 
Encoelioideae (Helotiales, Leotiomycetes) 


Kadri Pärtel1, Kadri Põldmaa1*, Heidi Tamm1 
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The present study focuses on morphologically diverse members of the genus Encoelia and 
the subfamily Encoelioideae. The rDNA LSU and SSU regions, largest exon of TEF1 and 
part of RPB1 were sequenced in 50 species of the Helotiales exhibiting encoelioid characters 
and in 30 other members of the order. The phylogenetic analyses incorporated also sequences 
of related taxa obtained from GenBank. Encoelia appeared highly polyphyletic in all analyses 
with species being distributed among distinct clades. The backbone of the phylogenetic tree 
based on the larger set of rDNA sequences was poorly supported compared to that in the 
phylogeny based on a reduced set of taxa and the inclusion of protein-coding genes. Both 
phylogenies revealed clear evidence of family-level relationships only for two species of 
Encoelia. While E. fascicularis belongs to the Sclerotiniaceae, its sister group, comprising 
members of the Rutstroemiaceae, includes E. tiliacea. Morphological support is presented for 
the inclusion of both species in respective families. Type of the genus, E. furfuracea, is 
closely related to Velutarina rufo-olivacea and Cenangiopsis quercicola. These taxa form the 
sister group of Hemiphacidiaceae and are altogether closely related to Rutstroemiaceae and 
and Sclerotiniaceae. Encoelioideae sensu Korf includes E. fimbriata, E. helvola and E. 
heteromera that neither form a monophyletic group nor are congeneric with E. furfuracea. 
Encoelia glauca and E .fuckelii form strongly supported clades with Chlorociboria spp. and 
species of Pilidium, respectively. Because none of the analysed species of Encoelia is closely 
related to the type of the genus, several taxonomic changes are anticipated. 
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Diversity of the genus Clonostachys in Brazil 
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Clonostachys (Bionectriaceae Hypocreales) includes endophytes, mycoparasites, parasites of 
pest, soil saprotrophs and, rarely, plant pathogens. To investigate the diversity of species 
of Clonostachys in Brazil, strains from soil, forest litter and various plants in different 
locations representing the Amazon Forest, Atlantic Rainforest, and the Cerrado savanna, were 
studied on the basis of their morphology and through phylogenetic analyses of multi-locus 
DNA sequence data. The subgenus Bionectria, characterized by dimorphic conidiophores and 
conidia with a laterally displaced hilum, was represented by C. pseudochroleuca, C. 
byssicola, C. rhizophaga, the mycoparasite C. rosea,C. rogersoniana, and at least one 
currently undescribed species. Clonostachys pseudochroleuca clustered in three closely 
related phylogenetic entities, of which one was encountered for the first time. It has been 
known earlier mainly from its teleomorph collected from bark of woody hosts. Clonostachys 
byssicola formed two distinct clades. Species of subgeneraZebrinella and Epiphloea were 
only occasionally encountered and included C. candelabrum plus three unindentified taxa 
showing morphological and phylogenetic affinities to C. rossmaniae, C. subquaternata, and, 
respectively,C. setosa. 
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Novel cryptic taxa point to the undiscovered species richness in Pestalotiopsis 
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1Institute of Excellence in Fungal Research, Mae Fah Luang University, Chiang Rai 57100, Thailand 
2Key Laboratory of Systematic Mycology & Lichenology, Institute of Microbiology, Chinese Academy of 
Sciences, China 
3Institute of Excellence in Fungal Research, Mae Fah Luang University, Chiang Rai 57100, Thailand 


 
Pestalotiopsis is an appendage-bearing conidial genus in the family Amphisphaeriaceae and 
is ubiquitous in tropical and temperate ecosystems. Species of Pestalotiopsis cause a variety 
of diseases in plants and are also often isolated as endophytes or as saprobes. The genus is 
well known for its ability to produce novel medicinal compounds that may have medicinal, 
agricultural and industrial applications. Pestalotiopsis contains numerous species and several 
species are complexes within which species can only be distinguished by using multi-gene 
sequence data. For an example Pestalotiopsis theae is known to be responsible for the grey 
blight disease on tea (Camellia sinensis). Since no ex-type culture is available for P. theae 
and the lectotype is in poor condition, an epitype with a living culture is designated from a 
sample collected in Thailand. A collection of isolates identified as P. theae was studied on 
the basis of combined, multilocus alignment of the internal transcribed spacer (ITS), partial 
β-tubulin, and partial translation elongation factor 1-alpha (TEF). The sequence data strongly 
supported isolates from tea consist of different cryptic species. Furthermore phylogenetic 
analyses identified several Pestalotiopsis novelties with different host range which were 
phenotypically similar to P. theae. Therefore the retrospective studies have shown that the 
actual number of Pestalotiopsis taxa could be higher than reported in literature and there are 
many species in the genus that need re-examination and yet to be discover. 
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Botryosphaeriaceae associated with Tectona grandis L.f. (teak) in Northern Thailand 
Mingkwan Doilom1*, Lucas Shuttleworth2, Ekachai Chukeatirote1, Kevin Hyde1 
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Botryosphaeriaceae associated with Tectona grandis L.f. (teak) are under-reported and poorly 
known. Species in this family are pathogens, endophytes and saprobes on numerous hosts. In 
this study, species of Botryosphaeriaceae were collected in both plantations and native forests 
in northern Thailand. They were associated with cankers and dieback symptoms, while others 
were collected from dead branches. Isolates were subjected to morphological analysis, and 
phylogenetic evaluation of ITS, TEF1-α and β-tubulin sequence data. Seven species from 6 
genera were identified; Barriopsis tectonae sp. nov., Dothiorella.sp. nov., Lasiodiplodia sp., 
L.sp. nov., Pseudofusicoccum adansoniae, Macrovalsaria sp. And Sphaeropsis eucalypticola 
Representative of B. tectonae, Do. sp. nov, Sp. eucalypticola, L. sp. And L. sp. nov. were 
used for stem inoculation pathogenicity tests. The Lasiodiplodia sp. nov. and Lasiodiplodia 
sp. isolates produced lesions and were reisolated, indicating they are pathogenic. The other 
isolates tested did not produce lesions. These findings are important for both commercial 
forestry and native teak forests in Thailand, and improves our understanding of emerging 
botryosphaerious pathogens. 
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Multilocus phylogeny, antifungal susceptibilities and mating behaviour of opportunistic 


pathogen Aspergillus viridinutans (section Fumigati) 
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Aspergillus viridinutans complex comprises several soil-inhabiting species but the species 
boundaries within complex are not clearly defined. Its members are with increasing 
frequency isolated as opportunistic human and animal pathogens. The species show 
considerable phenotypic variability but typically share nodding heads and poorly sporulating 
colonies with abundant aerial mycelium in comparison with A. fumigatus. A total number of 
87 isolates from various substrates and countries was subjected to DNA sequencing of four 
loci (RPB2, calmodulin, beta-tubulin and actin gene) and the mating experiments were 
provided within and between isolates representing opposite mating types from all major 
clades (on three different media and three temperatures). Phylogenetic analysis showed that 
A. viridinutans complex comprises at least five heterothallic species and two homothallic 
species. Fertile ascomata were observed in three heterothallic species. Their ascospores 
showed different morphology and conditions suitable for teleomorph induction. Aspergillus 
udagawae, A. felis, A. wyomingensis and one possibly undescribed species represent 
clinically relevant species. Antifungal susceptibilities were tested using YeastOne panels. 
Posaconazole was the most effective in vitro across all species. Almost all isolates were 
resistant to 5-fluorocytosine and fluconazole. Amphotericin B, itraconazole and voriconazole 
showed species-specific susceptibility patterns. This work was supported by the project 
GAUK 1130214, 607812, and by the Internal Grant Agency of the Palacký University 
Olomouc, Czech Republic (grant no. IGA_LF_2014_021). 
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Beta-tubulin paralogues: identification of risk fungal groups from the viewpoint of 
taxonomy 
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Paralogous genes represent well-known problem in taxonomy that uses molecular features as 
the indispensable tool for delineation of taxa. Incongruent phylogenetic trees and incorrect 
taxonomic conclusions can result from mixing of paralogous genes in taxonomic studies. 
Available fungal genomes and GenBank database were screened for presence of beta-tubulin 
genes across different ascomycete and zygomycete orders. The number of beta-tubulin genes 
in single species ranged from one to seven different types. Eurotiales, Hypocreales, 
Glomerellales, Pleosporales, Capnodiales and Pezizales comprise at least some species 
containing two or three paralogues that can be amplified using primers with unsufficient 
specifity. The applicability of markers such as codon usage, base composition, arrangement 
and length of introns for distinguishing β-tubulin paralogs was tested. The use of beta-tubulin 
gene is very unsuitable in the taxonomy of Zygomycetes due to presence of up to seven 
hardly distinguishable paralogs. In contrast, we found only single beta-tubulin gene in orders 
Sordariales, Onygenales, Magnaporthales, Helotiales, Dothideales, Erysiphales, 
Chaetothyriales, Xylariales, Diaporthales, Saccharomycetales and Myriangiales, and there is 
probably no risk associated with beta-tubulin paralogs. This work was supported by the 
project GAUK 607812. 
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Prevalence of Epicoccum sorghinum isolated from Brazilian sorghum grains 
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The anamorphic genus Phoma and related coelomycetous genera are geographically 
widespread being found in numerous ecological niches and have been isolated in association 
with sorghum grain in Brazil. Difficulties in morphological identification of Phoma spp. have 
resulted in a poor understanding of the species boundaries. In addition, Phoma spp. became 
an important topic at mycotoxins production mainly in grains due to tenuazonic acid 
production. Therefore, the aim of this study was to analyze the distribution of Phoma species 
in Brazilian sorghum grain, from sowing to harvest, isolated from 200 samples in 4 different 
maturity stages. The identification of Phoma species was performed based on 
macromorphology and micromorphology of the colonies, as well as sequencing analyses of 
ITS region, actin and β-tubulin genes using the Basic Local Alignment Search Tool 
(BLAST). Phylogenetic analyses using Bayesian Inference and Maximum parsimony 
methodologies were performed to characterize isolates with inconsistent identification by 
sequencing of the mentioned DNA targets. A total of 120 isolates were found, based on 
morphological and molecular characteristics. Epicoccum sorghinum (=Phoma sorghina) was 
the species more frequent (95%) in all samples and maturity stages of sorghum grains, 
followed by Epicoccum nigrum (5%). A high morphological variability among Epicoccum 
sorghinum strains was also observed. The phylogenetic analyses demonstrated a high genetic 
heterogeneity among the strains. This is the first Brazilian study to demonstrate, using a 
polyphasic approach, a high prevalence of the E. sorghinum in Brazilian sorghum grains. 
These findings may also contribute to a better understanding of the Phoma taxonomy. 
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Leandria momordicae: mycological and phytopathological reappraisal of the etiological 


agent of net spots of cucurbits 
Davi Macedo1*, Tiago Lelis1, Robert Weingart Barreto1 
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In the early 20th century one of the pioneer mycologists and plant pathologists in Brazil - 
Eugenio Rangel - described a fungus causing leaf spots on bitter melon (Momordica 
charantia) as Leandria momordicae. His publication appeared in an obscure Brazilian journal 
in Portuguese. As a result, a few years later Osner described the same fungus in the USA as 
an etiologic agent of similar leaf spots in cucumber as Stemphylium cucurbitacearum, 
ignoring Rangel’s work. A century after its original description the correct taxonomic 
position of this fungus remains uncertain despite its high relevance as a pathogen of two 
important cucurbit crops, namely: chayote (Sechium edule) and cucumber (Cucumis sativus). 
Here a reassessment of the taxonomy of this fungus based on light microscopy and SEM 
observations as well as in LSU-based phylogenetic analysis is presented. It is clear that the 
fungus does not belong to Stemphylium as it has a contrasting conidial ontogeny – not 
anellidic as in Stemphylium but monoblastic and chlamydospore-like. Also, despite having a 
phylogenetic placement within the Pleosporaceae it is rather distant from Stemphylium. 
Additionally, field observations revealed one novel host for L. mormodicae and inoculations 
under controlled conditions showed that L. momordicae has a broad host range within the 
Cucurbitaceae. It infected chayote, cucumber, pumpkin, melon, squash and bitter melon. The 
incubation and latent periods for the net spot disease was determined for several species of 
Cucurbitaceae as respectively 3 and 11 days after inoculation. 
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Molecular analysis of Chantransiopsis and Tetrameronycha, provides further evidence of 


asexuality within the Laboulbeniomycetes 
Lauren Goldmann1*, Alex Weir1 
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Chantransiopsis and Tetrameronycha are asexual ectoparasites of beetles and earwigs and are 
recorded here for the first time from Costa Rica and on novel hosts. The taxonomic position 
of these genera has been problematic because of their simple structure and the lack of 
defining characters. They are currently listed as “anamorphic Pezizomycotina” in Kirk et al., 
(2011). Based on partial sequences of SSU rDNA these genera are finally placed within the 
class Laboulbeniomycetes. These results provide further evidence of the occurrence of 
asexuality within the class. However, we were unable to resolve more precise placement of 
Chantransiopsis and Tetrameronycha and the relationship of both of these genera to other 
known taxa. In the future we plan to search for close relatives and possible teleomorphs in 
order to further refine our understanding of asexuality within the group. 
 
Keywords: Ascomycota, Laboulbeniomycetes, Chantransiopsis, Tetrameronycha, insect 
associated fungi 
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Currencies of mutualisms: Evolution of genomes and bioprotective alkaloids in 
symbiotic Epichloë species 


Christopher Schardl1, Carolyn Young2* 
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The Epichloë spp. (Hypocreales; Clavicipitaceae) are systemic symbionts of cool-season 
grasses (Poaceae subfam. Poöideae), and produce any or all of four alkaloid classes that help 
protect host plants from herbivory: ergot alkaloids, indole-diterpenes, lolines and peramine. 
Epichloë spp. vary in transmission strategies (horizontal and/or vertical), sexual or asexual 
reproduction, pathogenic or mutualistic interactions with their hosts, and genomic 
constitution. Pathogenic species fruit on immature flowering tillers where they choke host 
development while producing spores that mediate horizontal transmission. Nevertheless, 
infected tillers are often asymptomatic, develop normal seeds, and transmit the fungus 
vertically in those seeds. Several Epichloë spp. exhibit both transmission strategies. Almost 
all sexual Epichloë spp. and some asexual species are haploid. In contrast, among the strictly 
seed-borne, nonpathogenic species, many are interspecific hybrids bearing multiple genomes 
that derive from ancestral haploids. Out of 13 described haploid species, 10 are well defined 
by interfertility, host relationships, geographical place of origin, and phylogenetic clades. 
Furthermore, although phylogenies of genes for alkaloid production do not necessarily track 
housekeeping genes, the haploid donors of alkaloid genes in hybrid species can generally be 
identified. Interestingly, alkaloid gene clusters that are common in hybrids can be rare in 
extant populations of their sexual ancestors. 
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The monophyletic genus Lactifluus is one of the common ectomycorrhizal fungal taxa in 
tropical African forest ecosystems. It encompasses 6 morphologically delimited subgenera of 
wich 4 are well represented in tropical Africa; notably subgenera Lactifluus (29 species), 
Lactariopsis (12 species), Russulopsis (7 species) and Edules (9 species). Thus, the subgenera 
Russulopsis and Edules appeared less diverse. Recent mycological investigations based on 
specimens we sampled in West African forest ecosystems, including inter alia the northern 
Guinean seasonal, dry, dense, riparian forests and woodlands enable the description of 5 new 
species of which 3 belong to subg. Russulopsis and 2 to subg. Edules. A total of 40 ITS 
rDNA sequences generated from our samples were aligned against tropical African Lactifluus 
sequences available in public GenBanks using the computer programmme MAFT v7.2. A 
Maximum Composite Likelihood phylogenetic tree was inferred from 52 sequences, using 
the computer program MEGA 5.2. We will show the phylogenetic placement the 5 recently 
described species and compare the different clades we obtained with the morphologically 
delimited subgenera of the genus Lactifluus. Patterns of chorology of core species and their 
putative partner forest trees will be highlighted. 
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A phylogenetic overview of Deconica (Strophariaceae) 
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Species of the genus Deconica were once immersed in the genus Psilocybe, but now it is well 
known, despite macro- and micromorphological similarities, these are independent and 
distantly related clades. The presence of hallucinogenic compounds in Psilocybe is the key 
character to distinguish both genera. As a general rule, basidiomata of Deconica never turn 
blue when bruised, as it is assumed that the blue reaction in Psilocybe is due to the psilocin 
oxidation. The monophyly of Deconica has already been determined and the presence of 
chrysocystidia was confirmed in the genus. However, current infrageneric classifications of 
Deconica are based only on morphology, and character evolution in the group is poorly 
known. Thus, a phylogenetic approach is necessary to evaluate relationships among the 
species of the genus. Maximum likelihood and Bayesian inference analyses of ITS rDNA 
sequences resulted in recognition of six subclades in Deconica, none of them corresponding 
with previously proposed sections, except for a subclade of species with chrysocystidia, with 
some reversals to the absence of this trait, which could correspond to Singer's section 
Chrysocystidiatae. The majority of tropical species of Deconica are recovered in this group. 
These analyses have also uncovered at least eight species from Australia, Mexico, and the 
U.S.A. that have yet to be described. 
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Poria cocos is a fungus in the Polyporaceae family. It is a wood-decay fungus but has a 
terrestrial growth habit. It is notable in the development of a large, long-lasting underground 
sclerotium that resembles a small coconut. This sclerotium was used by Native Americans as 
a source of food in times of scarcity. It is also used as a medicinal mushroom in Chinese 
medicine. The cultivation of Poria cocos on tree-stumps and logs, was first described at the 
beginning of the 13th century. Poria cocos has been used for medicinal purposes to treat 
physical and mental recuperation, promote diuresis, forgetfulness and physical weakening. 
The artificial cultivation techniques of P. cocos was reported in China in 1957. are reported. 
The basic study on morphological characteristics and artificial cultivation method of Poria 
cocos with pine tree log buried under ground were initiated by Rural Development 
Administration. To widen the utilization of harvested sclerotia of Poria cocos as new food 
stuffs, powder of the sclerotia were used for producing new soft drinks and supplemented to 
wheat flour to make functional bread. Last 30 years, the supply of P. cocos in Korea through 
cultivation could not meet the domestic demand, Korea collected P. cocos in the mountainous 
areas and also import the sclerotia from China. Since the domestic demand of the sclerotia in 
China increased, the price of imported sclerotia of P. cocos also increased. Recently, high-
quality and high-yielding cultivation methods were developed in Gyeongbuk Agricultural 
Research and Extension Services (GARES). The new cultivation methods of P. cocos 
developed by GARES was to change traditional cultivation method from under ground to 
above ground cultivation house, and shortened cultivation period by half, and improved the 
quality of the sclerotia. Therefore, it is suggested that advanced new technology for 
production of sclerotia of P. cocos from under ground and above ground must be developed 
for fulfill the domestic demand of the sclerotia. 
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Four new species of Inocybe from India 
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Inocybe (Inocybaceae, Agaricales, Basidiomycota) is one of the most speciose genera of 
gilled-mushrooms and is remarkable for the ectomycorrhizal ecology and toxicity of most of 
its species. Discovery of four new species of Inocybe from Kerala State, India is presented 
here. Three of these belong to the Inocybe clade and one to the Pseudosperma clade. These 
four species are documented morphologically and inferences of their phylogenetic 
relationships within the genus are provided based on an analysis of DNA sequences of the 
nuclear large subunit ribosomal RNA region (nLSU). This study reports necrobasidia in a 
species belonging to the Inocybe clade for the first time. We also report, for the first time, an 
Inocybe species that combines violet-colored basidiomata with nodulose basidiospores.  
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Entoloma subg. Pouzarella (Mazzer) Noordel. (Entolomataceae, Agaricales, Basidiomycota) 
is characterized by distinctly hairy pileus and stipe, heavily pigment-encrusted hyphae devoid 
of clamp connections, and nodulose basidiospores with 6–9 facets. They are small 
saprotrophic agarics occurring in humus-rich soils. Here we present the results of our studies 
on the diversity and phylogenetic relationships of species belonging to this subgenus in 
Kerala State, India. This study was carried out based on both morphological characters and 
molecular data. Conventional methods to study agarics were used for morphological 
characterization. Molecular phylogenetic analysis was based on nuclear large subunit 
ribosomal RNA gene sequences. All species collected from Kerala are briefly described, 
illustrated and keyed-out. Several of the treated species are new to science.  
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Taxonomic reexamination of Sirobasidium japonicum (Tremellales) and its behavior 
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The genus Sirobasidium is a member of the Tremellales, including c. 10 species. 
Sirobasidium japonicum Kobayasi was first reported in 1962, but has never been 
rediscovered since it. Although the germination of basidiospores by budding was reported 
(Kobayasi, 1962), no living culture is remained and the real status of the species is uncertain. 
In the monograph, Dämon & Hausknecht (2002) suspected S. japonicum is close to the 
Auriculariales because of the transversally septate basidia. To establish culture and examine 
the phylogenetic position, we tried to obtain the fresh materials around the type locality. As a 
result, materials from the Okinawajima isl. (Japan) were identified as S. japonicum, in 
reference with its original description and holotype specimen. Basidiospores germinated by 
budding on malt extract agar and dikayotic hyphae with clamp connections were induced by 
mixing two single-spore isolates on soytone glucose agar. Putting them on soytone glucose 
agar, corn meal agar and weak malt yeast extract agar, they produced basidia and 
basidiospores only on the latter. In contrast, S. magnum produced them on all of these media 
so that the triggers of sexual reproduction are different. Tubular form septal pore caps 
observed with TEM and the results of molecular phylogenetic analysis using 18S and 28S 
rDNA strongly suggested a close affinity of S. japonicum with the Tremellales.  
 
Keywords: Heterobasidiomycetes, basidiomycetous yeasts, molecular phylogeny, septal pore 
caps, sexual reproduction under culture 
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Potato diseases caused by Rhizoctonia solani are a serious threat to potato commercial 
production globally, causing yield depression and reduced tuber quality. The aim of this 
study was to identify isolates of Rhizoctonia solani associated with potato diseases in South 
Africa. A total of 131 isolates were recovered from diseased potato plants, characterized for 
genetic, phylogenetic and pathogenicity diversity. The identity of AGs was confirmed using 
nucleotide sequences of ITS-5.8S regions of rDNA. Based on the ITS sequence analysis, 
Rhizoctonia solani isolates belonged to AG 3, AG 2.2 111B, AG 4 HG 1, AG 4 HG111, AG 
5 and binucleate Rhizoctonia AGA with a frequency of 79.8, 6, 2.2, 2.2 and 9 % respectively. 
Rhizoctonia AG 3 was the predominant AG and occurred in all the provinces whereas the 
other isolates occur in distinct locations. The 5.8S rDNA gene sequence was highly 
conserved among all isolates but differences in length and nucleotide sequence of the ITS1 
and ITS2 regions were observed between AGs. This study demonstrates the wide genetic 
diversity of Rhizoctonia solani in South Africa and highlights new genetic groups, AG 2.2 
111B and AG 4 HG 111 not previously found to be associated with potato diseases in South 
Africa. During the pathogenicity experiments, differences in virulence level between R. 
solani and binucleate Rhizoctonia spp. isolates were observed. Isolates of R. solani AG 
2.2111B and AG 4HG1 and HG111 were the most virulent on stem cankers while AG3 
caused black scurf on progeny tubers and its effects on stem and stolon cankers were 
variable. Binucleate Rhizoctonia spp. isolates were non pathogenic. This report is the first 
comprehensive survey of Rhizoctonia solani on potato fields in South Africa using molecular 
based approach. 
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phylogenetics 


 
*Presenter: Norman Muzhinji  
Email: muzhinjin@yahoo.com 
  


  711







P 5.5.8 
 
Scientific Theme: 5 Phylogenetics, Evolution and Systematics 
Session: 5.5 Recent advances in agaricomycete evolution and phylogeny 
 
Account ID IMC1038  
Abstract ID ABS0456 
 


Taxonomic reexamination of Xeromphalina campanella in East Asia 
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Xeromphalina campanella is a common agaric belongs to Mycenaceae. It was originally 
described from Europe and has been reported widely from Northern hemisphere. The small 
orange pileus with a central depression, the curved and cartilaginous stipe, the whitish to pale 
yellowish spore print, and the elliptical basidiospore are distinguishable morphological 
characters of X. campanella. Basidiomata of X. campanella grow in dense clusters on 
decaying conifers. In East Asia, Xeromphalina species sharing these characters have been 
treated as X. campanella in a lump though ecological and morphological variations have been 
recognized. Therefore, Xeromphalina species currently recognized as X. campanella in East 
Asia probably include multiple distinct species. To rearrange the species taxonomy of East 
Asian X. campanella, 38 specimens of X. campanella and additional materials of 
Xeromphalina were collected from Japan and China (Tibet), and morphological and 
molecular data were newly generated. Molecular phylogenetic analyses based on ITS and 
LSU revealed the polyphyly of specimens morphologically identified as X. campanella. They 
were divided into two major clades (Clades I and II), which were ecologically, 
geographically and morphologically distinguishable. Clade I comprises specimens collected 
from Abies and Tsuga forests of subalpine to alpine regions of Japan and Tibet. Sequences 
generated from European and North American specimens of X. campanella are also included 
in Clade I. Clade II comprises specimens collected from Pinus forests of lowland regions of 
Japan. Based on phylogeny, sizes of basidiomata and basidiospores as well as ecological 
characters, these two clades should be treated as independent species. 
 
Keywords: Agaricales, Asia, phylogeny, Xeromphalina, taxonomy 
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Is the ectomycorrhizal lifestyle an evolutionary key innovation? Trophic evolution in 
the Tricholomatoid clade 


Marisol   Sanchez-Garcia1*, Brandon   Matheny1 
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The Tricholomatoid clade is one of several major clades of Agaricales, the largest order of 
mushroom-forming fungi. Members of this clade exhibit variation in nutritional modes, 
including mycoparasites, saprotrophs, termite-associates, and ectomycorrhizal (ECM) 
symbionts. The Tricholomatoid clade represents an ideal group for the study of evolution of 
the ECM habit because it contains a variation of trophic modes and independent origins of 
the ECM association. Here, we evaluate whether the ECM mode is a key innovation that 
promoted diversification within the Tricholomatoid clade. Nutritional modes are inferred 
from carbon and nitrogen stable isotope signatures. We reconstructed a time-calibrated 
phylogenetic tree and identified diversification rate shifts. In order to detect the effect of 
switches from saprotrophic to ECM mode on diversification rates and to evaluate whether 
these switches represent an evolutionary key innovation, we implemented the binary state 
speciation and extinction model (BiSSE). Thus, evidence will be presented to accept or reject 
the hypothesis that ECM mode represents a key innovation that promoted diversification in 
the Tricholomatoid clade. 
 
Keywords: Agaricales, diversification, stable isotopes 
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The milkcap genus Lactifluus (Russulaceae) unravelled 
Eske De Crop1*, Jorinde Nuytinck2, Kobeke Van de Putte1, Annemieke Verbeken1 


 
1Research Group Mycology, Department of Biology, Ghent University, Belgium 
2Naturalis Biodiversity Center, National Herbarium of the Netherlands, Netherlands 


 
The ectomycorrhizal Russulaceae family consists of four non-corticioid genera, amongst 
which the milkcap genera Lactarius and Lactifluus. Lactifluus is mainly represented in the 
tropics and is characterized by a high genetic variability combined with a conserved 
morphology, which is supported by the occurrence of cryptic species complexes and species 
with isolated phylogenetic positions. The general relationships within Lactifluus are 
unresolved and synapomorphic characters on higher taxonomic levels are unknown.In a 
global study of Lactifluus, we aim to get a clear view on the phylogenetic status of the genus 
and to unravel the relationships within the genus. Collections covering the entire distribution 
area and all sections of Lactifluus were used to construct a three-gene phylogeny, which was 
compared with morphological data. Our results confirm the monophyly of Lactifluus and 
support the division of the genus into five subgenera. Within these subgenera, sections were 
assigned and confirmed by morphological characters. Morphologically, the structure of the 
pileipellis and the presence of cystidia have a high phylogenetic signal, even on a high 
taxonomic level. Contrary to Lactarius, the ornamentation of spores is less discriminative on 
higher taxonomic levels, although it is useful for species delimitation. Lactifluus is further 
characterized by striking homoplastic features, such as conspicuous colour changes of the 
latex and the development of pleurotoid fruiting bodies. 
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The global diversity of Lactarius (Russulales, Basidiomycota) in space and time 
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The Russulaceae constitute a fascinating radiation: the family has a global distribution and its 
members are ecologically important as ectomycorrhizal partner in many habitats, the 3 major 
genera (Lactarius, Russula and Lactifluus) are very species rich and some amazing 
morphological transitions occurred (from agaricoid to gasteroid or pleurotoid forms, but also 
from corticioid to agaricoid forms). This study focusses on the genus Lactarius and contrasts 
its evolution to the other Russulaceae genera. The most comprehensive molecular 
phylogenies of the genus Lactarius that have up to now been published comprise only a very 
small fraction of the more than 420 species that have been described. This study presents a 
phylogeny covering a much broader taxon sampling, including several undiscovered basal 
and distant tropical (African, South-American and South-East Asian) lineages. A new 
subgeneric classification is proposed and three new subgenera are described. The 
morphological and ecological diversity of Lactarius is explained. Shifts in diversification 
rates in the genus are explored and reveal a history of adaptive radiations. A historical 
biogeographical hypothesis for the diversification is discussed, with the genus originating in 
tropical Africa. An ancestral state reconstruction analysis shows when and where the host 
switches from Caesalpinioideae and Dipterocarpaceae in the tropics to Fagaceae (e.g. 
Lithocarpus) occurred. 
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Island phylogeography of truffles: incredibly high genetic diversity of Octaviania subg. 


Parcaea (Boletaceae) in the Japanese Archipelago 
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Truffle-like fungi are generally considered to disperse basidiospores with animal mycophagy 
(i.e., eaten by mammals or invertebrates). Thus, their distributional patterns could be 
restricted to the distribution of those animals unless they produce asexual spores for wind 
dispersal. This may cause high genetic diversity of truffle-like fungi in the regions that have 
complex geological histories such as archipelagos. To test the hypothesis, we examined the 
phylodiversity of the truffle-like genus Octaviania, whose asexual spore dispersal has not 
been reported, focusing particularly on Japanese taxa. Multi-gene phylogeny of four nuclear 
loci (ITS and LSU rDNA, EF-1alpha and RPB1) detected four known species plus four 
unknown species-level lineages within Octaviania subg. Parcaea. All of the eight lineages 
were cryptic species and cannot be correctly identified based only on their morphology. 
Interestingly, many of the inter- and infraspecies-level divergences seemed to reflect ancient 
geographic isolation caused by the formation of straits. This suggests that species of sung. 
Parcaea largely depend their spore dispersal on animal mycophagy. On the other hand, 
sequences of O. subg. Fulvoglobus sp. collected from Honshu (mainland of Japan) and the 
Ryukyu Islands did not show any obvious genetic divergence, suggesting recent over-sea 
spore dispersal. As far as I know this is the first study to examine genetic diversity of truffle-
like fungi related to ancient island formation.  
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Origins and diversification of neotropical taxa in a cosmopolitan lineage of 
ectomycorrhizal fungi (Basidiomycota: Russulaceae) 
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Tropical America, and especially Amazonia, has been a focus region of biogeographic 
research for many years. Studies in different groups of organisms have elucidated the roles of 
vicariance, dispersal, and in situ diversification for the assembly of its biome, as well as the 
importance of geographic and geological factors acting on diversification. Fungi however 
have been virtually absent from such work. We aim to study the historical biogeography of 
the ectomycorrhizal genera Lactarius, Lactifluus and Russula (Russulaceae) in wider 
Amazonia. For this purpose, we use specimens recently collected from Brazilian Amazonia, 
the Guiana Shield, the Atlantic Forest, and the Antilles as well as herbarium references. We 
also integrate environmental Russulaceae samples collected in the region. We investigate the 
phylogenetic relationships between tropical American and African taxa in the Russulaceae 
and the timing of divergences within the Neotropics. Patterns of diversification are examined 
based on a three-gene molecular phylogeny, relaxed molecular clock dating, and analysis of 
range evolution. First results suggest  
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ancient paleo-neotropical sister relationships, possibly resulting from Gondwana vicariance, 
and more recent diversification of taxa within the Neotropics. This work will complement the 
scarce knowledge on Amazonian Russulaceae and help understanding the biogeography of 
ectomycorrhizal fungi in the Neotropics. 
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A new stipitate Asian species of Crepidotus (Basidiomycota, Agaricales), C. tropicus nom. 
prov., is presented based on morphological and molecular evidence. A BLAST search using 
ITS and LSU rDNA sequence data does not match any Crepidotus or other species deposited 
in GenBank. This new species found in India and Thailand is characterized by the centrally 
stipitate medium sized basidiome, orange to reddish brown pileus, white to brownish orange 
lamellae, and white stipe. Based on morphology, C. tropicus is phenetically similar to the 
neotropical stipitate C. thermophilus. However, the microscopic characters, especially the 
size and form of the basidiospores, can be used to distinguish these two taxa. Further, the 
phylogenetic position of C. tropicus is unique based on ITS and LSU rDNA sequences. 
Melanomphalia argipoda, described by Singer from Ecuador, is also a stipitate Crepidotus 
based on the ITS sequence of the type specimen, prompting a proposed new combination for 
this taxon. Phylogenetically, the three species form a monophyletic group with C. argipodus 
as the sister species of C. thermophilus and C. tropicus as basal.  
 
Keywords: Morphologial characters, new species, ITS and LSU sequence data, 
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Lactarius has been well-recognized as ectomycorrhizal partner of trees worldwide. They can 
easily be recognized by the presence of latex exuding when injured or bruised. Based on our 
current morphological and molecular knowledge, we recognize three subgenera: L. subg. 
Piperites, L. subg. Plinthogalus and L. subg. Russularia. Lactarius subgenus Russularia  is 
assumed to be the less understood and taxonomically most complex group due to the subtle 
variation in macro- and micromorphological features and the low exploration rate in several 
continents. Nevertheless it is often the most abundant group in many vegetation types, e.g. in 
the tropical forests of Southeast Asia, where it occurs with host trees as Fagaceae, 
Dipterocapaceae, Betulaceae and Pinaceae. We collected intensively in Northern Thailand 
and occasionally in Vietnam and Malaysia. Seven new taxa from Thailand and Malaysia are 
described and illustrated.L. laccarioides, L. sublaccarioides, L. pasohensis, L. stubbei are 
distinct among other species in the subgenus because their distant gills and sulcate pileus 
striation. These features recall the typical aspect of a Laccaria species. L. crenulatulus, L. 
perparvus and L. glabrigracilis have remarkably small basidiocarps. L. perparvus, L. 
glabrigracilis and L. gracilis share their small, slender habit, incompletely reticulate spore 
and the presence of macrocystidia The identifications of all new species relied on the 
combination of morphological characters and molecular data based on ITS and RPB2 genes. 
Our molecular data show that the new representatives of L. subg. Russularia are well 
supported and not as closely related as their similar macromorphology would suggest. Some 
striking field characters such as very distant lamellae, and very small habit, arose several 
times independently in the group. A general phylogeny of the group, including data from 
North America and Europe shows that many more taxa are waiting to be described and all 
Asian taxa so far discovered are endemic to the continent, but have close relatives in the other 
geographic areas. 
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The genus Astraeus is a striking group of gasteromycetes found in temperate and tropical 
ecosystems. It‘s morphology is superficially similar to the earthstars of Geastrum where 
species of Astraeus were originally placed. Once differentiated from Geastrum, the genus 
was considered monospecific, but over many years new species were described. A recent 
study of macrofungi in the tropical rain forests of Thailand used a combination of molecular, 
morphological, and literature surveys. This has led to a better understanding of Astraeus and 
has expanded our knowledge of the taxonomy and systematics of the genus, leading to the 
recognition of 5 new Astraeus species. This excludes the new stellate fungus, Astraeus 
sirindhorniae, which is placed in a phylogenetic position that is basal to all Astraeus taxa. 
This placement provides additional evidence for the SE Asian origin of the genus. Studies of 
Astraeus have demonstrated the great mycodiversity to be found even within what was 
thought to be a simple system.  
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Agaricus section Brunneopicti：A phylogenetic reconstruction 
Jie   Chen1*, Ruilin   Zhao2, Luis A   Parra3, Atsu K   Guelly4, André De   Kesel5, Kevin D   Hyde6, 


Ekachai   Chukeatirote6, Sylvie   Rapior7, Philippe   Callac8 
 
1School of Science, Mae Fah Luang University, Thailand 
2 The State key lab of Mycology, Institute of Microbiology, Chinese Academic of Science, China 
3Avda. Padre Claret n°7, 5°G, 09400 Aranda de Duero, Burgos, Spain 
4Département de Botanique, Faculté des Sciences, Université de Lomé, Togo 
5Botanic Garden Meise,Nieuwelaan 38, 1860 Meise, Belgium 
6School of Science, Mae Fah Luang University, Thailand 
7Laboratoire de Botanique, Phytochimie et Mycologie, UFR des Sciences Pharmaceutiques et Biologiques, 
Université Montpellier 1, France 
8Mycologie et sécurité des aliments, INRA, France 


 
Agaricus is a genus of saprobic fungi of ecological, nutritional and medicinal interest.  
Species identification in Agaricus remains problematic due to a limited number of 
taxonomically relevant morphological features. However, the circumscription of species and 
sections has been improved by exploiting the polymorphism of the nuclear ribosomal ITS 
(Internal transcribed spacer) sequences. Compared with temperate areas, knowledge of 
species diversity from tropical regions is less developed and only few exclusively tropical 
sections have been proposed by Heinnemann (1956) as the section Brunneopicti. Recently, 
Zhao et al. (2011) reported seven major tropical clades (TR I to TR VII) in more than the 
eight traditional sections. With the aim of assessing whether clade TR I would represent 
section Brunneopicti,43 specimens from Thailand and tropical Africa have been analyzed by 
using both morphological and phylogenetic approaches. Maximum likelihood and maximum 
parsimony analyses produced relatively congruent trees. We show that TR I represents 
section Brunneopicti. The reconstructed section Brunneopicti is monophyletic, contains 16 
species, of which 11 are new, and has a strictly palaeotropical distribution. Two subsections 
are proposed. Section Brunneopicti is the first reconstructed section of tropical Agaricus. We 
predict that the species richness of other somewhat forgotten or new tropical sections will 
also increase in coming years.  
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Phylogeny and taxonomy of Pluteus sect. Celluloderma from Brazil 
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Pluteus is a large genus of Agaricales characterized by free lamellae, pinkish spore print, 
inamyloid basidiospores, and inverse hymenophoral trama. The traditional subdivision of 
Pluteus into three sections (Pluteus, Celluloderma and Hispidoderma) has been supported by 
recent molecular phylogenetic studies with some rearrangements. Nowadays, sect. 
Celluloderma includes species with non-metuloid pleurocystidia and pileipellis composed of 
a hymeniform layer or as an epithelium of relatively short elements, interrupted or not by 
elongate cystidioid bodies and also species with a cutis-like pileipellis or annulate species. 
After a morphological and molecular study of new collections of Pluteus sect. Celluloderma, 
we provide a phylogenetic overview for this section based on ITS sequences, including new 
records and new species from Brazil and presenting a list of all species previously recorded 
for the country. Maximum Parsimony and Maximum Likelihood analyses were performed 
with 36 Brazilian sequences (21 taxa) and more 118 non-Brazilian sequences. Based on 
morphological and molecular data we propose eight new species. The revision of Pluteus 
sect. Celluloderma occurring in Brazil confirms the record of 54 taxa names but with only 29 
taxa considered certainly known for the country. (FAPESP grants 04/04319-2, 09/53272-2) 
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Infrageneric classification of Panus using molecular data 
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The genus Panus Fr. groups about 14 species of tropical mushrooms and until recently was 
considered a synonym of Lentinus. The most comprehensive works regarding their taxonomy 
and classification are those of Corner and Pegler. The first one treated it as a separate genus 
and Pegler as a subgenus of Lentinus. Either way, both proposed an infrageneric 
classification of Panus s. str. based primarily on morphological characters such as the stipe 
size and the cystidia type. With these characters, Panus was divided into two groups 
(subgenera or sections, respectively), Panus with short stipe and metuloid cystidia or 
gloeocystidia, and Velutini with well-developed stipe and sclerocystidia. Previous studies 
with molecular data indicate that these infrageneric groups could be monophyletic; however, 
their samples have not been representative. The aim of this work is to investigate the 
infrageneric relationships of Panus using the ITS rDNA. We constructed a matrix with 18 
own and 10 GenBank sequences and Cymatoderma caperatum as outgroup and analyzed with 
Maximum Parsimony in PAUP 4.0b10 and Bayesian methods in Mr Bayes v3.2.2. Subgenus 
Velutini is a monophyletic clade with good support, but not subgenus Panus that seems 
divided into at least two clades. One of them groups P. bambusinus, P. conchatus, P. 
hirtiformis, and P. lecomtei. On the other hand, P. strigellus appears as a not solved group, 
nested or at the base of the tree depending on the analysis carried. We will perform analyses 
increasing the number of taxa and using other DNA regions to hopefully provide more 
information that helps to resolve the phylogenetic relationships of Panus.  
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Defining the molecular phylogenetic position of some Amanita species growing in 
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Species in the genus Amanita are generally known by having a whitish spore print, free to 
subfree gills, and microscopically by having a divergent hymenophoral trama and smooth 
spores. Several classification systems have been proposed based on these morphological and 
molecular characters, accurately classifying the species. However the inclusion of more 
species in the phylogeny of Amanita will help obtaining higher resolution phylogenetic 
relationships among species. We assessed phylogenetic positions for species collected in 
Colombia and propose highly supported clades in the phylogeny of the genus Amanita, by 
using the information from the following nuclear regions: the large ribosomal subunit RNA 
(nLSU), the secondary structure of the internal transcribed spacer 2 (ITS2), and two large 
subunits of RNA polymerase (RPB1 and RPB2). Specimens were collected in oak forests 
(Quercus humboldtii), pine forests (Pinus radiata), and in the Amazonian species 
Pseudomonotes tropenbosii and Dycimbe sp. The species were determined as A. flavoconia, 
A. fuligineodisca, A. muscaria var. muscaria, A. xylinivolva, A. rubescens, A. brunneolocularis,     
A. citrina, A. xerocybe, A. campiranae, A. humboldtii and A. bisporigera. The resolution of 
the phylogenetic tree inferred by a bayesian approach from ITS2 secondary structure 
concatenated with nLSU, RPB1 and RPB2 sequences, allowed us to show a highly supported 
phylogenetic position of the above mentioned species. The following infra-generic 
classification was recognized to place the studied species: 2 subgenera Amanita andLepidella; 
5 sections – Amanita, Vaginatae, Lepidella, Phalloideae and Amidella; 4 subsections –
Vaginatae, Caesarae, Phalloideae and Validae; 2 series –Validae and Mappae, and some 
infra-series ranks. 
  
Keywords: Molecular systematics, secondary structure of the ITS2, nLSU, Bayesian 
approach, ectotrophic forest 
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Disentangeling the complex of Lichenothelia species from rock communities in the 
desert 


Lucia Muggia1* 
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Black, rock-inhabiting fungi (BF and RIF) are known from bare rock surfaces exposed to 
extreme environmental conditions in dry and cold regions. Though these fungi share traits 
evolved to cope with hostile growth conditions, they exhibit high phenotypic plasticity and 
genetic diversity. At the local geographical scale, different taxa can grow intermixed forming 
complex communities on the same rocks. Lichenothelia Hawks. is a cosmopolitan genus of 
black fungi comprising saxicolous, lichenicolous (lichen parasites) and lichen-like species 
from arid habitats. Due to its multiplicity of life-styles, the genus was suggested to represent 
a link between the rock-inhabiting meristematic and the lichen-forming life-styles. Non-
molecular based taxonomy recognized up to 24 species in the genus, but species description 
was often based only on single specimens. The species concepts in Lichenothelia do not 
encompass its semi-cryptic variability and makes certain identifications impossible. We 
focused on one area rich in black fungal diversity, the Joshua Tree National in California, in 
the Mojave and Sonoran deserts. The area is characterized by extensive granite and gneiss 
rock formations and rainfall as low as 4 cm a year. Here we collected and studied over 100 
specimens of Lichenothelia using molecular approaches, culture isolates and taxonomic 
analyses. We found six monophyletic species supported by morphological traits, four of 
which are new to science. Fungi with different life-styles were repeatedly found associated 
with Lichenothelia and their phylogenetic relationships within Dothideomyceta are discussed. 
 
Keywords: Black fungi, cryptic species, lichenization, phylogeny 
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Taxonomy of Cytospora species associated with walnut canker disease in China 
Xinlei   Fan1, Chengming   Tian1*, Yingmei   Liang2 
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Cytospora is a common and important phytopathogen that causes severe canker disease with 
wide geographical and host distribution. However, the taxonomy and nomenclature are still 
confused and inaccurate description and identification of species are common. Recent studies 
based on systematically morphological and phylogenetic approach have been carried out 
from several special hosts and regions. Based on the important of walnut tree in economy and 
ecology, the study combined morphological characteristics and multilocus sequences (ITS, 
nrLSU, BUT2, ACT) analyses, revealed three previously recorded species (Cytospora 
atrocirrhata, C. sacculus and C. chrysosperma) and two new species. The new species 
introduced as C. gigalocus and C. petalorum were formally described and compared across 
similar species. Cytospora sacculus and C. chrysosperma have been previously recorded 
from walnut, whereas C. atrocirrhata is the first report associated with walnut canker 
worldwide. It is the first attempt to perform mlultilocus phylogeny of Cytospora species. All 
species represent the first record related to the walnut canker disease in China. 
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Distribution map of Phytophthora drechsleri mating types isolated from watermelon in 


south part of Kerman 
Mousa Najafiniya1* 
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Root and crown rot disease of watermelon is very important in south part of Iran. Infected 
samples were collected from several watermelon production areas and cultured on agar 
medium containing selective antibiotics. A total of 20 pure cultured isolates of Phytophthora 
drechsleri were obtained from crown and root of infected crops of watermelon in different 
region of Jiroft in south part of Kerman, Iran in recent years. They are analyzed for mating 
type using the conventional pairing assay. The mating type of each isolates was determined 
by centrally inoculated plates of PDA medium with a mycelia plug (5mm in diameter) from 
the isolates of unknown strain with tester isolates of known A1 and A2 mating types which 
obtained from Prof, Banihashemi, University of Shiraz, Iran. Pairing were incubated at 20°C 
for 10 to 14 days in darkness and light photoperiod and then examined microscopically for 
the presence of oospores. Seven isolates were of A1 and 13 of A2 mating type. No self fertile 
was found. The coexistence of the two mating type may enable this pathogen to reproduce 
sexually, thus enhancing the diversity of its population. The potential for oospores formation 
and for the presence of infectious oospores in soil may increase. 
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Macalpinomyces eriachnes (Ustilaginomycotina), a complex of 10 host specific species on 
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Yingming Li1*, Roger Shivas2, Alistair McTaggart3, Lei Cai1 


 
1State Key lab of Mycology, Institute of Microbiology, CAS, China 
2Biosecurity Queensland, Department of Agriculture, Fisheries and Forestry, Australia 
3Biosecurity Queensland, Department of Agriculture, Fisheries and Forestry, Australia 


 
Macalpinomyces is a monotypic genus containing M. eriachnes, which is a smut fungus 
endemic to Australia. In this study, combined analyses using phenotypic characters and 
multi-locus phylogeny of 31 morphologically indistinguishable specimens of M. eriachnes 
from 10 species of Eriachne revealed a complex of ten well-resolved phylogenetic lineages. 
Our result showed that specimens from the same host but in different regions were 
genetically more closely related than the specimens from the same geographic region but on 
different hosts. Phylogenetic groupings within the M. eriachnes complex corresponded well 
to the hosts of these specimens, indicating an evolutionary process of sympatric speciation by 
host shift. The taxonomy of this complex is resolved by the descriptions of nine new species 
restricted to certain species of Eriachne.  
 
Keywords: Macalpinomyces eriachnes, smut fungus, phylogenetics, host specific, species 
complex 
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A new taxon of Lobulomycetales (Chytridiomycota) isolated in Japan 
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Lobulomycetales is one of the smallest orders in Chytridiomycota, which contains only four 
genera and five species. In a series of surveys of Chytridiomycota in Japan, we isolated four 
lobulomycetalean chytids (KS27, ITA6631, ITA6691 and ITA6692). For species 
identification, we observed thallus development of KS27. In addition, to determine its 
taxonomic position, we conducted the observation on zoospore ultrastructure and molecular 
phylogenetic analysis using nuLSU rDNA sequences. On nutrient agar, the thallus of KS27 
was similar to those of Alogomyces tanneri and Maunachytrium keaense in the following 
characteristics: 1) rhizoid was isodiametric in early stages of its development; 2) rhizoidal 
axis at the base of zoosporangium continued to enlarge during growth, but the distal portions 
of the rhizoidal system were isodiametric; 3) zoosporangia were spherical and had several 
discharge papillae. However, discharge papillae of KS27 were operculate in contrast with the 
inoperculate papillae of A. tanneri and M. keaense. Therefore, KS27 is distinguished from 
any other known species of Lobulomycetales in thallus morphology. As a result of TEM 
observation, zoospore of KS27 possessed extensions of a flagellar plug (electron opaque 
plug). This feature is shared with other members of Lobulomycetales. However, KS27 had 
electron dense material in kinetosome, which is not known in zoospores of the other 
lobulomycetalean genera. In our phylogenetic analysis, KS27 was placed in a novel clade, 
sister to Lobulomycetaceae. Based on these results, we concluded that KS27 is an 
undescribed species, for which a new genus should be proposed in the order 
Lobulomycetales. 
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Taxonomic study of corticolous species of the lichen genus Buellia s.l. of Japan 
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The genus Buellia De Not. s.l. is cosmopolitan and contains ca. 400 species, characterized by 
lecidine apothecia with black disc, dark pigmentation of hypothecium and brown, septate 
ascospores. Most lichenologists regarded it as an well-established genus till recently, but the 
taxonomy is still controversy. In Japan, 30 species of this genus have been recorded, but 
almost all of them were described or reported in the late 19th century through the early 20th 
century based only on limited numbers of specimens, and thereafter they have not been 
studied. Thus we started a taxonomic study of Buellia s.l., especially corticolous species, 
based on morphological, chemical and phylogenetic analyses. Here we tentatively recognized 
8 species including a new species. 
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Recent advances of taxonomic studies of brown, phragmosporous and muriform 
coelomycetes 
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Coelomycetes are asexual fungi which produce conidia in conidiomata viz. acervuli, pycnidia 
or stromata. Until the 1990s, the taxonomy of coelomycetes was totally based on 
morphology, such as the type of conidiomata and conidiogenesis. However, recent molecular 
based studies show that most of these classification systems are highly artificial. 
Nevertheless, hundreds of genera of coelomycetes are still not placed in a natural 
classification system, hence they are considered as ‘orphaned taxa’. We are studying the 
brown spored coelomycetes. Some genera were grouped as hyphomycetes but extensive 
morphological studies show they belong to coelomycetes; e.g. Scolicosporium. Muriform 
genera such as Camarosporium have been shown to be polyphyletic in Pleosporales and 
introduced as new genera Pseudocamarosporium. Homortomyces and Stilbospora are other 
example genera with common morphologies but with distinct evolutionary lineages 
(convergent evolution). Since recent molecular studies have shown that some coelomycetes 
are pleomorphic, it is important to propose one name after establishing links with the sexual 
state; e.g. Macrodiplodiopsis over Misturatosphaeria. Further re-collection and morpho-
molecular studies are essential to provide distinct generic boundaries and to reveal the 
placements of these coelomycete genera in a natural classification system. 
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Cornuvesica: a little known genus in the Ceratocystidaceae including unexpected new 
species 
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Cornuvesica includes a single ophiostomatoid fungus, C. falcata. Its generic placement has 
resulted in considerable confusion due to its unusual morphological features, which include 
short-beaked, minute ascomata with 2-celled falcate ascospores and two distinct 
thielaviopsis-like states. Cornuvesica falcate was first described from Pinus strobus in 
Canada and has also been recorded from other parts of the world from different substrates.  
Results of this study have shown that the little-known monotypic C. falcate actually consists 
of a complex of interesting species in the Ceratocystidaceae (Microascales). We recently 
isolated a fungus resembling C. falcate from freshly-made wounds on Gmelina arborea in 
Indonesia. The aims of this study were to identify the fungus based on morphology and DNA 
sequence data and to compare it with previously collected isolates. Multigene phylogenies 
based on SSU, LSU, ITS and EF1-alpha regions showed that these isolates represented three 
distinct species. The Indonesian isolates represented a new species that will be described as 
C. magnispora. Three New Zealand isolates and an isolate collected in Britain, previously 
identified as C. falcata, were distinctly different from that species and represented new 
species, which will be described as C. acuminate and C. crypta, respectively. The type 
species, C. falcate is represented by a single herbarium specimen from Canada for which no 
living culture is available. 
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‘Kusaghizi’ a new polyporus species from the arcs of Usambara mountains Tanzania: 
unrivalled characteristics and its successful domestication 
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The Usambara mountains form part of the Eastern arc Mountains that are chains of mountains in 
Tanzania and Kenya. The mountains are covered with thick unique indigenous forests 
recognized as one of the 24 globally important "hot spots" for forest biodiversity. The field trip 
in Usambara for the purpose of locating, collecting, identifying and domesticating the edible 
saprophytic mushroom ended with several species but an enormous huge polypore mushroom 
locally known as ‘kusaghizi’ lured the researchers attention. The mushroom is characterised 
by natural viscid surface with natural scent that probably attract insects that once fall on it, they 
stick there and the mushroom produce the enzymes that slowly digest them to completion. 
Interestingly even snakes fall prey of this unique mushroom. It is dark brown colour mixed with 
faint yellow sport and different debris of which it trap, give it sober look thus completely un 
attractive. The mushroom is enormously huge, at maturity weighs 7-12 kg. Apart from being 
used for food, kusaghizi is dried and used by local healers in curing several ailments in 
connection with other herbs. It has been now successfully domesticated at the Department of 
Molecular Biology and Biotechnology, University of Dar es Salaam, Tanzania. The period 
from colonization to fructification is up to 45 days. Efforts are under way to formulate 
suitable substrate and optimize the growing conditions. Moreover, further characterisation 
based on molecular markers, as well as biochemical characterisation are in progress for 
proper documenting this uniquely found edible snake eater mushroom. 
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Harpellales, gut living fungi of aquatic insects, collected 2011-2014 in Japan 
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Species in a fungal order Harpellales (Kickxellomycotina) are living in the gut of aquatic 
insects in Ephemeroptera (Eph.), Plecoptera (Plec.) and Diptera (Dip.), and aquatic 
arthropodes. Over 230 species have been described in the world. The first study of 
Harpellales in Japan has published in 1987, which reported 13 species as a series of 
collections conducted in 1960’s. After that report, only a few species has added until 2000’s. 
Since 2011, I started species diversity study of Japanese Harpellales. Collections were made 
mainly in streams in Mt. Tsukuba, and several places in Japan (Obihiro Hokkaido district, 
Ueda, Nagano pref. and Kawasaki, Kanagawa Pref.). Collected species were listed here 
including both previously known and unidentified species. Tsukuba: 1) Harpella melusinae 
(Simulium japonicum, Simuliidae: Dip.). 2) Stachylina sp. (Philorus sp., Blephariceridae: 
Dip.). 3) Bojamyces repens (Paraleptophlebia sp., Leptophrebiidae: Eph.), 4) 
Lancisporomyces sp. (Amphinemura sp., Nemouridae: Plec.), 5) Orphella sp. (Protonemura 
sp., Nemouridae: Plec.), 6) Pennella angustispora, 7) Smittium sp. (both from S. japonicum, 
8) Trichozygospora chironomidarum (Chironomidae), and 9) a Zygoporalis-like fungus 
(Baetis thermicus, Baetidae: Eph.). Obihiro: 1) Harpella melusinae (Simulium aokii, 
Simuliidae: Dip.）10) Harpella sp., (S. aokii), 11) Ephemerellomyces sp. 1, (Eph.), 12) 
Orphella coronata (Nemouridae: Plec.), 13) Simuliomyces microsporus (S. aokii). Ueda: 14) 
Capniomyces sp. (Taeniopterygidae: Plec.), 15) Ephemerellomyces sp. 2 (Isonychia japonica, 
Oligoneuriellidae: Eph.). Kawasaki: 16) Zancudomyces culiseatae (Aedes albopictus, 
Culicidae: Dip.). 
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Taxonomic study of Umbelopsis in Taiwan 
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1Department of Science Education, National Taipei University of Education., Taiwan 


 
The main object of this study is the genus Umbelopsis (Umbelopsidaceae , Mucorales, 
Zygomycotina, Fungi)from Taiwan. They are ubiquitously saprotrophic fungi and can be 
isolated from soil and fallen leaves. The genus is characterized by sporangiophore with 
vesicle bearing branches and apical single sporangium. This study has collected 858 soil 
samples. Based on morphological characters, five species which are Umbelopsis angularis, 
U. isabellina, U. nana, U. rammaniana, and U. vinacea were identified. Three of these 
species are new records to Taiwan.Molecular biotechnology including polymerase chain 
reaction (PCR), gene cloning and sequencing was used to obtain the sequence of LSU-D1/D2 
domain, SSU and ITS (ITS1, 5.8S, ITS2) ribosomal DNA. Taxonomic groups generating 
from molecular analyses of these gene regions are consistent with the groups based on 
morphological characters. Consequently, based on combined data obtaining from the 
phylogenetic analysis and morphological characters, a key of the genus Umbelopsis in 
Taiwan was constructed. 
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A new parasitic genus in the Polyporales from Tanzania 
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In Tanzania the Polyporales are rarely studied and reported. To date there are only a few 
studies from the country, nevertheless these species often have a deep impact on the forest 
industry since most of them are saprobes enhancing nutrient recycling in the forest 
ecosystems. Recently, wilting and death of cashew trees, Eucalyptus, cassava, and some 
indigenous trees in the Southern region of Tanzania was observed to be caused by a 
polyporoid parasitic macrofungus which superficially in the field looks similar to Laetiporus 
sulphureus. In our study using the molecular markers nuITS and nuLSU, this species 
represents a distinct genus. However, it is not closely related to any other taxa, and no well-
supported sister clade has so far been discovered. Based on the results of morphological and 
phylogenetic analyses, we are thus describing and illustrating this species in a new monotypic 
genus forming a distinct clade in the Polyporales. Morphological differences versus 
Laetiporus sulphureus are here discussed. Furthermore, its biology is presented and its role as 
an emerging threat to crop and forest industry in the region is pointed out. 
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Marine protists, thraustochytrids are a known source of commercial omega-3 fatty acid and 
DHA. In this work, we aim to evaluate a set of low-cost carbon sources for DHA production 
by a thraustochytrid, Schizochytrium SU5.9. Unwanted coconut juice considered as an 
agricultural residual was used solely or partially as a carbon source for growth of strain 
SU5.9 and its DHA production. It was found that a basal medium (comprised of 5% glucose; 
0.5% yeast extract; 1% peptone; 0.75% marine salt) supplemented with coconut juice 
(containing 5 % glucose) (medium A) was the optimal medium for the production of DHA, 
giving the highest concentration of DHA (5.2 g L-1). However, the maximum dense growth 
(OD600nm = 9.0) of the strain was detected when the basal medium (medium E) was used, 
and it yielded a half concentration of DHA (2.1 g L-1) compared to the use of medium A. We 
concluded that unwanted coconut juice was an appropriate supplement that optimized DHA 
production by strain SU5.9. In addition, abundant growth of this strain seemed to diminish its 
DHA productivity, suggesting that metabolic activity of this thraustochytrid and its 
biosynthetic pathway of DHA should be elucidated and taken into account for its optimized 
DHA production. 
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Wallemia sebi is a ubiquitous fungus. It is commonly found in house dust and on sweet and 
dried foods. It may cause allergy and skin lesions in rare cases. Strains of Wallemia were 
isolated from the indoor environment and outdoor habitats around the world. 
Morphologically, the strains had similar colony appearances and conidial sizes. Phylogenetic 
reconstruction using multiple genes (ITS, MCM7, TSR1, RPB1, RPB2 and HAL2) showed 
the segregation of Wallemia sebi into four distinct and strongly supported groups. 
Physiological tests of selected strains showed differences in growth rates at different 
temperatures and salt concentrations. The strains also showed distinct enzyme activity (β-
glucosidase, esterase and urease) along a salt gradient. The molecular phylogeny and 
physiological differences between W. sebi groups suggests that cryptic speciation exists 
within the currently recognized concept of W. sebi. The type W. sebi group is retained but 
three new species of Wallemia will be introduced for the other three groups. This leads to a 
more precise taxonomic scheme that will be essential for future studies investigating the 
biological roles of Wallemia in the environment. 


  
Keywords: Basidiomycota, basal lineage, MLST 


 
*Presenter: Hai Nguyen 
Email: hai.nguyen.1984@gmail.com 


  739







P 5.6.15 
 
Scientific Theme: 5 Phylogenetics, Evolution and Systematics 
Session: 5.6 Basal lineages of fungi: evolution, ecology and systematics 
 
Account ID IMC1089  
Abstract ID ABS0906 
 


Naming and outline of Dothideomycetes 2014; Towards one fungus one name 
Nalin Wijayawardene1*, Paul Kirk2, Pedro Crous3, Kevin Hyde4 


 
1School of Science, Mae Fah Luang university, Thailand 
2Mycology Section, Royal Botanic Gardens, United Kingdom 
3Microbiology, Department of Biology, Utrecht University, Netherlands 
4Institute of Excellence in Fungal Research, Mae FahLuang University, Thailand 


 
Class Dothideomycetes is one of the largest classes in Pezizomycotina (Ascomycota) 
comprising more than 1200 genera. Several members of Dothideomycetes show 
pleomorphism i.e. contain both asexual and sexual states in their life cycle. In traditional 
classification, these pleomorphic fungi have been assigned separate names; thus one fungus 
has two or more names. As this often causes considerable confusion in plant pathology and 
other disciplines, taxonomists are attempting to use one name for each biological species. 
Article 59.1, of the International Code of Nomenclature for algae, fungi, and plants (ICN; 
Melbourne Code), was drafted and became effective from 30 July 2011. Thus, in this study, 
we have compiled all the pleomorphic genera of Dothideomycetes and propose the names to 
be adopted in future i.e. a ‘protected name’ while other name will be considered as a 
‘suppressed name’. We have considered several criteria of pleomorphic genera (such as the 
older name, widely used name and other important aspects) to select one name where two or 
more exist. Furthermore, we have annotated the list with information on recent advances in 
our understanding of the phylogeny. The compiled list has been posted to the web, including 
the website of International Commission of Taxonomy of Fungi (ICTF). With the broad 
agreement of other taxonomists and pathologists, we have published the list of 
Dothideomycetes (1215 genera) including pleomorphic and non-pleomorphic genera. 
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Trichopeltinaceae, the current name of Brefeldiellaceae 
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The family Trichopeltinaceae is poorly known due to an unclear history, few modern 
morphological studies and lack of sequence data in GenBank. The family was introduced as 
subfamilies of Trichopeltaceae, Trichopeltinae based on linear or “root”-like thallus, other is 
rounded thallus in Brefeldiineae. The spelling of the family was corrected to 
Trichopeltinaceae based on the type genus Trichopeltina. The Brefeldiellaceae was 
introduced subsequently with contain species of Trichopeltinaceae based on “skin-like” 
thallus, formed neatly arranged, cover the flattened thyriothecia, pseudoparaphyses are 
mostly lacking, bitunicate and saccate asci, with ellipsoidal ascospores, muriform or only 
trans-septate and hyaline to brown. The earliest name for those taxa based on the type genus 
is designed here based on its generic type. This study provides the current locate of holotype 
type material of generic type. The Trichopeltinaceae can be confused with Trichothyriaceae 
and it discussed as they are difference by having thallus developed cover thyriothecium in 
Trichopeltinaceae, and thallus developed under thyriothecium in Trichothyriaceae. However, 
morphological and phylogenetic studies are needed to clarify the classification. 
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The Tubeufiales (Dothideomycetes, Ascomycota) a new order of the lignicolous 
microfungi 
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A new order is proposed to accommodate sexual and asexual taxa to accommodate taxa with 
superficial, spherical, with/without appendage setose, brightly to dark ascomata, numerous 
pseudoparaphyses, saccate to cylindrical-clavate asci, cylindrical oblong, multi-septate, 
colourless ascospores, and helicosporous asexual conidia (hyphomycetes). They are 
commonly known as saprobic on woody substrates and widespread in tropical regions. 
Multigene phylogenetic analysis suggests (LSU, SSU and TEF1 sequences) introduction of a 
new order Tubeufiales to accommodate a single family Tubeufiaceae. The results are well-
supported by monophyletic clade of the Tubeufiales and explicit from all orders of 
Dothideomycetes. In the present study we examined and incorporated sexual and asexual taxa 
of genera in Tubeufiaceae (Tubeufiales) to provide a modern biological treatment, based on 
single names. A new collection of Tubeufia javanica has recently been designated as the 
neotype of Tubeufiaceae. Three new genera Acanthohelicospora, Helicangiospora and 
Neoacanthostigma are introduced. The genus Acanthostigmina is resuscitated, and five 
asexual genera; Aquaphila, Helicoma, Helicomyces, Helicosporium and Tamhinispora are 
accepted. In addition, the genus Bifrontia is currently included in Tubeufiaceae, based mainly 
on morphological characteristics. Descriptions and illustrations of accepted and excluded 
genera are provided. 
 
Keywords: Helicospores, phylogeny, taxonomy, Tubeufiaceae 


 
*Presenter: Saranyaphat Boonmee 
Email: saranyaphat_khag@gmail.com 


  742







P 5.6.18 
 
Scientific Theme : 5 Phylogenetics, Evolution and Systematics 
Session : 5.6 Basal lineages of fungi: evolution, ecology and systematics 
 
Account ID IMC0766  
Abstract ID ABS1006 
 


Assessing the effect of Benzoxazolinone on the plant - associated zygomycete 
Actinomucor elegans and its possible role in a weed’s tolerance to allelochemicals 
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Abutilon theophrasti is one of the global problematic weeds, which is resistant to the majority 
of common herbicides and allelochemicals. The seed coat of A. theophrasti is known to be 
inhabited by a number of microorganisms, including the zygomycete Actinomucor elegans. 
Based on previous observations, we hypothesize that A. elegans might be involved in the 
host's tolerance to the allelochemical benzoxazolinone (BOA). The results of A. elegans 
incubation with different concentration of BOA indicated the growth of A. elegans was 
unaffected by increasing concentrations of BOA in liquid culture and BOA was neither 
degraded by the fungus nor used as a carbon or nitrogen source. The fungus produced plant-
growth-promoting compounds, like tryptophan, whose excretion was increased in the 
presence of BOA. With the intention of understanding the tolerance of A. elegans to BOA, 
membrane glycolipids and multidrug resistance transporters (MDR) inhibitors were studied. 
Inhibition of membrane multidrug resistance transporters by inhibitors had no effect on BOA 
accumulation by A. elegans, but the fungal growth and tryptophan excretion was inhibited. 
The fungal membrane lipids were extracted and analyzed by Thin Layer Chromatography 
(TLC), and identified as Sterol Glycoside (SG) and Glucosyl Ceramide (GlCer). The 
glycolipids were quantified by Quadrupole-time-of-flight (Q-TOF) Mass Spectrometer (MS) 
and the results indicated a higher GlCer accumulation rather than SG in the fungal 
membrane, also (Q-TOF) MS analysis of the fungal glycolipids, which was cultured in 
different nutritional deficiencies and toxicity levels revealed phosphorus deficiency and high 
concentration of BOA were effective stress in enhancing the GlCer accumulation. 
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Appendicheirospora gen. nov., occurring on dead stems of grass, is described and illustrated. 
The genus is a cheirosporous coelomycete producing eustromatic conidiomata. The 
morphological characterization of this new fungus is reported and compared with other 
morphologically similar cheirosporous genera; Cheiromyces, Cheirosporium, 
Chelisporium/Sirothecium, Dictyosporium, Digitomyces, Digitodesmium, Prostemium, Psammina, 
Pseudodictyosporium and Tetranarcium. The differences among the new fungus and similar 
genera are discussed and tabulated. The 18S, 28S rDNA and RPB2 operon of this taxon were 
amplified and sequenced. A phylogenetic analysis was then performed to clarify the 
systematic position of the new anamorphic fungus and results from phylogenetic analyses 
confirmed that the species is new to science. 


 
Keywords: cheirosporous fungi, microfungi, systematics, taxonomy 


 
*Presenter: Rampai Kodsueb 
Email: kodsueb@yahoo.com 


  744







P 5.6.20 
 
Scientific Theme: 5 Phylogenetics, Evolution and Systematics 
Session: 5.6 Basal lineages of fungi: evolution, ecology and systematics 
 
Account ID IMC1312  
Abstract ID ABS1118 
 


Revision of Patellariaceae 
Supalak Yacharoen1*, Putarak Chomnunti2, Ekachai Chukeatirote2, Bhat D. Jayarama3, Kevin D Hyde2 


 
1Institute of Excellence in Fungal Research, School of Science, Mae Fah Luang University, Thailand 
2Institute of Excellence in Fungal Research, School of Science, Mae Fha Luang University, Thailand 
3Department of Botany, Goa University, India 


 
The Dothideomycetes include several genera where the ascomata can be considered as 
apothecia and thus would be grouped as discomycetes. Most genera are grouped in the family 
Patellariaceae. The Hysteriales include species having hysterioid ascomata and can be confused 
with those species in Patellariaceae with discoid apothecia if the opening is wide enough. In 
this study, 20 fungal specimens of Patellariaceae including 19 specimens from herbaria and one 
fresh specimen from Thailand were characterized based on morphological examination. These 
fungal specimens represent the type species of 13 genera. Our study proposes that twelve 
genera should remain in the family Patellariaceae. The genus Pseudoparodia is excluded 
because of its distinct ascomata (perithecium type). In addition, we discuss the change of type 
species of Tryblidaria (Sacc.) Rehm from Tryblidaria breutelii to Tryblidaria fenestrate 
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Phylogenetic position of the genus Synnemapestaloides producing synnemata in 
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Pestalotioid fungi include species in the genera Pestalotia, Pestalotiopsis, Monochaetia, 
Truncatella, Seiridium, Seimatosporium, and Discosia among others. These are 
‘Coelomycetes’, and their inter-relationships are strongly supported by molecular data such 
as ribosomal DNA sequences (ITS, 18S, etc). This fungal group has characteristic septate 
conidia with apical appendages and/or basal appendages, which are produced from 
conidiogenous cells lining the upper layer of acervuli. Synnemapestaloides rhododendri 
isolated from diseased Rhododendron brachycarpum was reported as a new genus and 
species by Handa et al. (2004). They justified the placement of this genus in ‘Hyphomycetes’ 
by the conidial formation from synnemata, although the conidia of this genus consist of 6 
cells including 4 pigmented median cells, and have branched appendages on upper and basal 
cells, quite similar to those of Pestalotia spp. Thus, the characteristic that differentiates 
Synnemapestaloides and Pestalotia is only a morphological structure of conidiomata. 
Previously, there were no molecular data to confirm these findings. Recently, we isolated 4 
strains of Synnemapestaloides producing conidia of a different size than those of the holotype 
(Synnemapestaloides rhododendri). We analyzed these strains morphologically and examined 
their position in phylogenetic trees based on several genes. We found that 
Synnemapestaloides belongs to the Amphisphaeriaceae same as other pestalotioid fungi, and 
all our strains of Synnemapestaloides and one strain of Seimatosporium fell into one clade 
with high bootstrap support. We discuss this relationship between Synnemapestaloides and 
other pestalotioid fungi, and this striking anomaly in conidiomatal ontogeny. We also discuss 
the implications of “conidial size” on the genus Synnemapestaloides. 
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The state of Andhra Pradesh, India with diverse ecosystems supports different forest types 
spread over an area of 44,229 kms representing 5,400 flowering plants. Maximum area of 
Eastern ghats are in Andhra Pradesh. A good majority of these plant species are prone to 
diseases caused by fungal pathogens. However, except for sporadic reports these forest 
elements were least explored for the phytopathogenic microfungi. A mycofloristic study of 
phytopathogenic microfungi of Pakhal Wildlife sanctuary (Pakhal Kothaguda forest range, 
Warangal Dist., A. P., India) was undertaken. More than 210 samples (infected leaves of 
angiosperms) were collected during the years 2011-2013. A good majority of these belonged 
to Black mildews viz., Asterina, Meliola, Sarcinella etc. Some Cercosporoid (Cercospora 
and Pseudocercospora) and other interesting hyphomycetes (Annellophragmia) were also 
collected. Among these we came across a new fungus genus on Manilkara hexandra 
(Sapotaceae) and several new species on Wattakaka volubilis (Asclepiadaceae), Indigofera 
cassioides (Fabaceae), Lannea coromandelica (Anacardiaceae), Thysanolaena sp. (Poaceae), 
Terminalia alata (Combretaceae), Elaeodendron glaucum (Celastraceae), Garuga pinnata 
(Burseraceae), Chloroxylon swietenia (Flindersiaceae), Strychnos nuxvomica (Strychnaceae) 
etc. The detailed morphological account of these pathogenic microfungi will be presented. 
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Fusarium was established to accommodate phialidic fungi with fusiform macroconidia borne 
on poly- or monophialides. Species in this genus are characterised by significant variation in 
morphological characters enabling the use of morphological characters for identification to a 
large extent. However, some species proofed very difficult to identify based on morphology 
alone and therefore extensive phylogenetic protocols were developed to aid in species 
identifications and descriptions. During the soil Fusarium survey morphological characters 
and phylogenetic relationships have be used to demarcate species in the genus Fusarium 
obtained from undisturbed soils and dominant grass species in the grassland Biome of South 
Africa. The South African species composition of the grassland biomes will be compared 
with that of Australia and other African countries. These approaches will ensure an integrated 
approach to Fusarium species associated with soil and dominant grass species in various 
grassland biomes. This research is crucial as a baseline study to identify the species richness 
of the fusaria in the grassland biome of South Africa.  
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During the past two decades, considerable genetic heterogeneity has been demonstrated to 
occur in the basidiomycetous Cryptococcus neoformans/Cryptococcus gattii species complex 
by a plethora of molecular methods, such as amplified fragment length polymorphism 
(AFLP) PCR-fingerprinting using RAPD, RFLP based on the genes CAP10, CAP59, GEF1, 
PLB1 and URA5, Fourier  transform infrared-spectroscopy-based phenotyping, multi-locus 
microsatellite typing and sequence analysis of a large number of genes as well as whole 
genomes. The results of these studies strongly question the currently used two species 
concept of the complex. Phylogenetic analysis of 114 globally collected isolates of the 
species complex was done using 11 nuclear loci CAP59, GPD1, IGS1, ITS, LAC1, PLB1, 
RPB1, RPB2, SOD1, TEF1 and URA5. We employed a combination of methods to address 
the species delimitation, using gene tree estimation from single-locus and concatenated data 
sets, and species tree estimations, including a genealogical species recognition method in 
which presence of clades in the majority of single-locus genealogies is taken as evidence that 
these represent distinct lineages. Identification of the new species using a test set of 425 
isolates was tested by MALDI-TOF MS. Phylogenetic analysis of 11 loci and various 
genotyping studies revealed significant genetic diversity within C. neoformans/C. gattii  
species complex. Species delineation analyses supported the presence of distinct lineages. We 
propose to recognize the current C. neoformans var. grubii and var. neoformans as separate 
species, and within C. gattii five lineages species occur. MALDI-TOF MS proofed to be a 
reliable and easy-to-use identification tool as no major errors were observed. 
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Yeasts isolated from agricultural pest Rhynchophorusferrugineus (red palm weevil) 
collected in Thailand 


Sineenath Kunthiphun1*, Ancharida Akaracharanya2, Masako Takashima3, Moriya Ohkuma3,  
Somboon Tanasupawat4, Rikiya Endoh3 


 
1Department of Microbiology, Chulalongkorn University, Thailand 
2Department of Microbiology, ChulalongkornUniversiry, Thailand 
3Microbe Division/Japan Collection of Microorganisms (JCM), RIKEN BioResource Center, Japan 
4Department of Biochemistry and Microbiology, ChulalongkornUniversiry, Thailand 


 
Yeasts associated with insects have been studied for many decades in the context of 
symbiosis. Associated yeasts play important roles in improving nutrition, promoting 
development and detoxification for the host insect. The red palm weevil Rhynchophorus 
ferrugineus (Coleoptera, Rhynchophoridae) is an agricultural pest of coconut, gebang and 
sago. We investigated yeast symbionts in Thailand, a total of 86 yeasts were isolated from 
four red palm weevils based on their cultural characteristics. Thirty representative strains 
were selected by comparing microsatellite-primed PCR fingerprints. Based on nucleotide 
sequences of the D1/D2 domain of 26S rRNA gene, 16 yeast species were associated with the 
weevil. Candida sorboxylosa and Candida tropicalis were isolated from all four weevils. 
Also, we found at least four undescribed species of which relatives were Cyberlindnera 
jadinii, Metschnikowia agaves, Candida cylindracea and Candida blattae. 
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Functional characterization of PMT2, encoding a protein-O-mannosyltransferase, in the 


human pathogen Cryptococcus neoformans 
Kiminori Shimizu1*, Yumi Imanishi2, Christina Hull3, Akio Toh-e1, Jun Uno1, Hiroji Chibana1,  


Susumu Kawamoto1 
 
1Medical Mycology Research Center, Chiba University, Japan 
2College of Science and Engineering, Kanto Gakuin University, Japan 
3Department of Biomolecular Chemistry, University of Wisconsin, Madison, United States 


 
Diazobenzoic acid B (DBB), also known as diazonium blue B or fast blue B, can be used to 
distinguish basidiomycetous yeasts from ascomycetes. This chemical has long been used for 
the taxonomic study of yeast species at the phylum level, but the mechanism underlying the 
DBB staining remains unknown. To identify molecular targets of DBB staining, we isolated 
Agrobacterium tumefaciens-mediated insertional mutants of Cryptococcus neoformans, a 
basidiomycetous pathogenic yeast, which were negative to DBB staining. In one of these 
mutants, we found that the PMT2 gene, encoding a protein-O-mannosyltransferase, was 
interrupted by a T-DNA insertion. A complete gene knockout of the PMT2 gene revealed that 
the gene was responsible for DBB staining in C. neoformans, suggesting that one of the 
targets of Pmt2-mediated glycosylation is responsible for interacting with DBB. We also 
determined that C. gattii, a close relative of C. neoformans, was not stained by DBB when the 
PMT2 gene was deleted. Our finding suggests that the protein-O-mannosylation by the PMT2 
gene product is required for DBB staining in Cryptococcus species in general. We also 
showed that glycosylation in Cryptococcus by Pmt2 plays important roles in controlling cell 
size, resistance to high temperature and osmolarity, capsule formation, sexual reproduction, 
and virulence. 
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A high yielding and low cost protocol for extract genomic DNA from Colletotrichum sp. 


which can effectively use in phylogenetic studies 
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Among the methods used worldwide to extract genomic DNA from fungi, most are either 
expensive or time consuming. Even in the few low cost and rapid methods available, most 
yield low amounts of DNA or need to be optimized from one species or genus to another. 
Here we report an approach to optimize an efficient, low cost and high yielding DNA 
extraction protocol to extract the genomic DNA from Colletotrichum gloeosporioides and 
test the applicability of the extracted DNA with different types of PCR amplifications. 
Mycelium scraped from a two-day old culture of the fungus was dipped in the extraction 
buffer and incubated at room temperature. The mycelia was thereafter crushed while inside 
the tube, centrifuged, added 3 M Sodium acetate and centrifuged at 10000 rpm for 5 minutes. 
The DNA which was in the supernatant was precipitated using the Isopropanol by 
centrifugation at 12000 rpm for 15 minutes. The resulting pellet was washed by 70% Ethanol, 
air dried and dissolved in Tris-EDTA buffer. Part of the sample was stored at -200C and the 
other part was used to perform three types of PCR reactions with three replicates using ITS1 
and ITS4 primers, species specific primers for C. gloeosporioides and three inter sequence 
simple repeat primers. One gram of the mycelium yielded about 1.5- 2.0 μg of genomic 
DNA. Without performing the RNase treatment, diluted DNA was used for PCR reactions 
which produced intact bands and banding patterns. Therefore this method can be used for all 
Colletotrichum species to obtain higher yields of genomic DNA at low cost. 
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Teleomorphic stage of Isaria takamizusanensis Kobayasi by postharvest ripening 
Sayaka Ban1*, Yuta Azuma2, Hiroki Sato3, Ken-ichiro Suzuki1 
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Isaria takamizusanensis (Hypocreales; Ascomycota) occurs on cadavers of cicada adults and 
produces a hundreds of marking-pin-like synnemata with lilac colored conidia. The 
phylogenetic position of this species is closely related with Purpureocillium lilacinus, a soil-
borne fungus. Mature stromata was observed from the specimen covered with synnemata 
after an incubation period (postharvest ripening) for about 2-months at 20-25C under moist 
condition. The sequence analysis of ribosomal DNA ITS and elongation factor 1α regions for 
two isolates from an ascospore and a conidium from the same specimen, we confirmed that 
the stromata were exactly the teleomorphic stage of I. takamizusanensis. Phylogenetic 
analysis of ten isolates of I. takamizusanensis suggested this species was polyphyletic, there 
were three branches between I. takamizusanensis and P. lilacinus, and the isolate from the 
teleomorph located in a branch that was clearly separated from P. lilacinus. Not all specimens 
were induced stromata by postharvest ripening, isolates from such failed specimens were 
located another phylogenetic branch. Morphologically, characteristics of the new teleomorph 
resemble both Cordyceps (s. lato) ryogamimontana Kobayasi and Ophiocordyceps cicadicola 
(Teng) Sung et al. except for the color of stromata. If one group has teleomorph, those 
phylogenetic clades should be described individual species. Besides two types of 
teleomorphic varieties are recognized in Japan (Shimizu, 1994). Those morphological aspects 
should be discussed to classify this species complex clearly. 
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A multi-gene phylogenetic analysis to resolve the taxonomy of the Halosphaeriaceae 
(Microascales, Sordariomycetes) 


Mohammed Rizman-Idid1*, Siti Aisyah Alias1, Sheng-Yu Guo2, Ka-Lai Pang2 
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The Halosphaeriaceae is the largest family of marine Ascomycota with approximately 56 
genera and 142 species. Members in this family is thought to have invaded the marine 
habitats from the terrestrial environments and have thus evolved special morphological 
adaptations including large oil globules for flotation and various types of ascospore 
appendages for attachment to substrata. Ascospore appendage morphology and ontogeny 
have been the main characters to delineate the different genera in the family. Previous studies 
have used the 18S and 28S rDNA and RPB2 genes to investigate the phylogenetic 
relationships between genera and were able to resolve taxonomic problems in genera such as 
Halosphaeria and Remispora, however, the branch supports for other clades were poor. In 
this study, we sequenced partial region of six nuclear genes including 18S and 28S rDNA, 
RPB1, RPB2, MCM7 and EF1 to re-examine the phylogeny of taxa in the Halosphaeriaceae 
with newly obtained cultures for various taxa. A Bayesian analysis recovered a phylogeny 
similar to previous studies but the posterior probability was notably higher using more 
genes/characters. The following new groupings were discernible: (1) Arenariomyces spp. 
And Haiyanga salina, (2) Moana turbinulata and Gesasha spp., (3) Halosarpheia kandeliae 
and Saagaromyces spp., and (4) a new isolate of Nais inornata and Natantispora spp. A 
recently described taxon, Pileomyces formosanus, clustered in a group with Kochiella crispa, 
Ocostaspora apilongissima, Remispora maritima, Morakotiella salina, Tirispora unicaudata, 
Nohea umiumi, Nimbospora effuse and N. bipolaris. The taxonomic implications of these 
groups will be discussed. Generally, there is a lack of morphological similarity between the 
phylogenetically closely related genera and it might be due to the rapid radiation of taxa in 
the Halosphaeriaceae. 
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The history of sanctioning in fungal nomenclature 
Vincent Demoulin1* 
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The concept of sanctioning (see Turland, The Code decoded, 2013) was introduced by Donk 
(Taxon 10: 67, 1961) for the status of names adopted by Fries in the Systema and Elenchus at 
a later date than 1821 and he indicated it with “ : Fr.”. Present day usage goes back to a 
memo of 27 Aug. 1976 to IMA Subcom. D (later starting points) by Pirozynski (advised by 
Weresub). The suggestion was to enlarge Donk’s concept to names used in vol. 1 of the 
Systema and for relevant groups the Synopsis of Persoon. This was in the line of the proposal 
of Pouzar and myself to abolish later starting points, with some protection for names used in 
former starting point books. This had strong, but not unanimous, support in the IMA 
Subcommittee (report for IMC2, 1977 by secretary R. Petersen). Two competing proposals 
were thus presented at the 1981 Botanical Congress (van Warmelo, Taxon 28: 429-431, 
1979). In this report as well as in the defence of proposal 32 by Demoulin et al. (Taxon 30: 
52-63, 1981) the colon was mentioned, but without formal proposal. This was thus presented 
from the floor by Korf and became Rec. 50E.2. With the support of the Committee for Fungi 
(Report of 12 Nov. 1981), the word sanctioned was used by the Editorial Committee. Despite 
minor difficulties with “:” in peculiar cases as Ex.7 to Rec. 50E.3, more than thirty years of 
experience testify of the value of sanctioning in stabilizing the nomenclature of macrofungi 
and that of the “:’ notation. 
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Investigation ofMediterranean soil reveals insights into species community 
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In the frame of the project aiming at yeast biodiversity in soils of three major forest types in 
Portugal, we investigated details about species composition, diversity and distribution 
patterns. Soil samples were collected in Arrábida National Park, a mountain area of 
undisturbed Mediterranean maquis but with two markedly different micro-climatic zones. 
This leads to the formation of distinct vegetation types, forests to shrubs. In order to assess 
the influence of environmental factors on small spatial scale, we collected soils on northern 
(forest formation) and southern (forest and shrub formations) slopes. Solid media inoculated 
with soil suspensions was used to isolate yeasts. Strains were grouped with PCR-
fingerprinting and identified by rDNA sequencing. Our study revealed strong differences 
between the three sampling sites, both in yeast numbers and community compositions. 
Species frequently occurred in one forest were not detected in other sampling sites. 
Basidiomycetous species like Cryptococcus aerius, Cr. terreus,Curvibasidium pallidoco-
rallinum and Cystofilobasidium capitatum for example are dominant agents in some but not 
all sampling sites. The study yielded several novel yeast species, including members of the 
genus Cystofilobasidiumthat was prominent in two of three forest soils of Serra da Arrábida. 
 
Keywords: Sanctioning, colon, starting points, fungal nomenclature 
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Fungal conservation in Chile: how effective legal protection was obtained,  
new challenges and future steps 


Giuliana   Furci1* 
 


1Management, The Fungi Foundation, Chile 
  


As of December 24th 2013, every single Environmental Impact Assessment (EIA) for 
terrestrial ecosystems in Chile must include a fungal baseline study. Moreover, the Ministry 
of the Environment must develop a public information system to make Chile's fungal 
diversity available to all citizens. For this to come into force, it took Fundación Fungi - a 
Chilean NGO focussed solely on fungi - two years of weekly trips to congress and teaming 
up with other stakeholders to make the point and raise awareness on the fundamental role of 
fungi in conservation in general. The result was the inclusion of fungi in Law No. 19300, 
"Ley General de Bases del Medioambiente", at the highest legislative level. Now the 
challenges involve the correct complementation in derived regulations, evaluating species 
using IUCN criteria, and building mycological capacity in order to respond to the growing 
need for mycological studies.  
Keywords: Fungal conservation, Chile, legislation, NGO, EIA 
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Temporal and spatial patterns of ectomycorrhizal fungi in the UNESCO world heritage 


beech forest site Kellerwald - Edersee 
Flavius   Popa1*, Gerhard   Kost1, Karl-Heinz   Rexer1 


 
1Systematic Botany & Mycology, University of Marburg, Germany 


  
Central Europe is predominated by mixed deciduous forests with a high abundance of Fagus 
sylvatica. The largest homogenous beech forest area is located in Germany. Thus, Germany is 
responsible for the preservation of beech forest – ecosystems. The National Park Kellerwald - 
Edersee is located in the north of Hesse. In 2011, it was declared as a part of the UNESCO 
world heritage beech forest cluster. It is known that symbiotic fungi respond very sensitive to 
environmental and anthropogenic influences and disturbances. In the same manner saprobe 
fungi depending on various stages of dead wood, can be used as important and well 
comparable indicator species of old growth forests. For our studies we established eight plots, 
at two different locations in the National Park. Both selected locations are pure beech stands, 
differing in altitude as well as in plant communities. Studying the ectomycorrhizal 
communities, ten randomly selected soil cores per plot were taken in spring and autumn. All 
ectomycorrhizal root tips were characterized by using morphological and molecular methods. 
Since May 2013, we collected fruit bodies within the plots for a biodiversity inventory and 
further to analyze the influence of different abiotic factors on the temporal and spatial 
distribution of ectomycorrhizal fungi. Therefore we took soil cores to get information about 
the amount and distribution of various soil parameters. The primary goal of our research is to 
get a better understanding of the temporal and spatial distribution, as well as the fungal 
biodiversity in an old pure beech forest stand.  
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Long-term effects of clear-cutting vs. retention tree regeneration on  


mycorrhizal fungal communities 
Kerstin   Varenius1*, Anders   Dahlberg2, Ola   Kårén3 
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Swedish forest management is dominated (>95%) by clear-cutting. Mycorrhizal fungi 
disappear after clear-cutting since they are dependent on their host trees, while retention trees 
enable the mycorrhizal fungi to survive. We expect that the difference between mycorrhizal 
communities established after clear-cutting and those developed in stands originating from 
retention trees will be lasting even after several decades. We studied this by analyzing stands 
established in 1960 that either were planted after clear-cutting or regenerated from retention 
trees.  Soil samples representing the fungal communities were collected at the stands and then 
analyzed using high-throughout DNA-sequencing technologies. I will present the results and 
interpretations.  
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*Presenter : Kerstin Varenius 
Email : kerstin.varenius@slu.se 
 
 


  759







P 6.1.4 
 
Scientific Theme : 6 Diversity and Conservation 
Session : 6.1 Conservation of fungi: essential components of the global ecosystem 
 
Account ID IMC0694  
Abstract ID ABS0171 
 


Fungal biodiversity of the Yulong Xue Shan Mountain (Yunnan, China) 
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The province Yunnan in Southwest China is famous for high habitat diversity and a high 
biodiversity. From virgin tropical lowland forests in the South to the more than 6000 m high 
mountains in the North, all kinds of ecological niches can be found. Estimates by Yang 
(2005) indicate that about 40% of the 10.000 fungal species known from China are occurring 
here. In this context we started a biodiversity study at the Yulong Xue Shan (5596 m) near 
Lijiang. This region is very rich in pine forests. In higher elevations mixed broad-leafed 
forests with genera like Quercus, Sorbus, Populus, Picea as well as Abies replace the pine 
forests. We selected different forest types in elevation between 2700 m - 3600 m for 
collecting fungi in the different forests as well as a comparison between the locations. In the 
past many common fungi from Europe were identified worldwide. In recent years molecular 
and detailed morphological studies revealed that specimen labeled with one species name 
encompass hidden species with limited areas of distribution. Our second aim is to elucidate 
the phylogeographic relationship between the European- and the Asian fungal flora. We will 
compare strongly similar species recorded from Lijiang with European species using 
morphological as well as molecular methods.  On the base of selected examples we will 
demonstrate their strong relationship as well as the species specific characters between the 
fungi from the Yulong Xue Shan and Europe. 
  
Keywords: Phylogeography, Yunnan, Europe, Basidiomycota, biodiversity 
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Biodiversity of freshwater Ascomycetes in India 
Vasudeo   Patil1* 


 
1Botany, North Maharashtra University Jalgaon (M.S.), India 


  
A checklist of freshwater and freshwater-borne ascomycetous fungi is presented based on the 
present studies in Maharashtra and published literature. Distribution of 93 species of 
freshwater and freshwater-borne Ascomycetes (FWA) reported so far from various states of 
India is provided. These fungi have been recorded as saprophytes on naturally decaying 
submerged wood, leaves, wood test-blocks exposed in freshwater cooling tower, service 
timber packing of a freshwater cooling tower, and living leaves of Typha angustata Chaub & 
Bory. Studies on the FWA in India have yielded three new genera isolated from wood test-
blocks submerged in water-cooling tower ponds and six new species, of which three were on 
wood test-blocks submerged in water-cooling tower ponds and two on living leaves of Typha 
angustata Chaub & Bory and one was isolated on maize grains baited in drainage water. 
Thirty nine species were reported from naturally submerged wood, 51 species on wood test-
blocks exposed in water and service timber pickings of a water cooling towers, three species 
were encountered on both the natural submerged wood and wood test-blocks. Five species 
were found on leaves and three species isolated from water. Two species were found on both 
the submerged leaves and wood. The most frequently collected species of the genera are 
Aniptodera, Annulatascus, Chaetomium, Jahnula, Leptosphaeria, Lophiostoma, Savoryella, 
and Zopfiella. The most commonly encountered species are Aniptodera chesapeakensis 
Shearer & MA Mill, Natantispora retorquens (Shearer & J.L. Crane) J. Campb. et al., 
Panorbis viscosus (I. Schmidt) J. Campb. et al., Savoryella aquatica K.D. Hyde, and 
Zopfiella latipes (N. Lundq.) Malloch & Cain. The checklist includes detail of the location 
and substrata on which they encountered. This data will be useful in the compilation of 
freshwater fungal biodiversity of India. The taxonomy, morphology and ecology of the fungi 
will be illustrated and discussed in the talk. 
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Diversity of higher marine fungi at the eastern coast of Thailand 


Satinee   Suetrong1, Sita   Preedanon1, Anupong   Klaysuban1*, Jariya   Sakayaroj1, Panida   Unagul2, 
Tanuwong   Sangtiean3 
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Higher marine fungi are those that have the ability to germinate, grow and sporulate 
exclusively in marine or marine related habitats. They are proved as the bioactive compound 
and enzyme producers, which are needed for the pharmaceutical and industrial 
applications. Thailand is a biodiversity rich country; however, only 34% of marine fungi have 
been documented compared to the figures worldwide. To complement the sporadic 
knowledge of marine fungi in Thailand, we therefore are developing a baseline research of 
marine fungi, in order to encourage awareness to the conservation of bioresources in the 
marine protected area for Thailand. Over 900 mangrove wood samples were randomly 
collected from three plots (Ko Hua Ta Chio, Pak Khlong Namchiao School and Hat Sai Dam) 
at Trat Province in 2013. From this study, 80 marine fungal species were reported including 
67 Ascomycetes (84%), 2 Basidiomycetes (3%) and 11 anamorphic fungi (13%). For all three 
collecting sites, Rimora mangrovei, Helicascus kanaloanus, Quintaria lignatilis and 
Dactylospora haliotrepha were the most frequent fungi (over 10% frequency of occurrence). 
Species diversity (Shannon-Wiener), evenness (Equiability) and richness (Margalef's) were 
greatest at Ko Hua Ta Chio while the lowest diversity indices were found at Hat Sai Dam. In 
our study, we discovered many species are possibly new to science and new records for the 
country e.g. Aniptodera salsuginosa, Etheirophora bijubata, E. blepharospora, Neptunella 
longirostris, Oceanitis cincinnatula, Savoryella melanospora and Trichocladium lignicola. 
This study gives an insight into the distribution and diversity of marine fungi present in Thai 
mangrove, especially in the eastern coast. Currently 162 marine fungal species were recorded 
for Thailand.    
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Morphological and phylogenetic diversity of Thai thraustochytrids producing  
long-chain omega-3 oil 


Satinee   Suetrong1*, Panida   Unagul1, Sita   Preedanon1, Anupong   Klaysuban1, Jariya   Sakayaroj1 
 
1Bioresources Technology Unit, National Center for Genetic Engineering and Biotechnology (BIOTEC), 
Thailand 


  
Thraustochytrids - a marine protist have gained much attention as they are proved as an 
alternative source for polyunsaturated fatty acid (PUFAs), especially docosahexaenoic acid 
(DHA), which is needed for the commercial applications. Numbers of novel thraustochytrid 
strains showing significant amount of PUFAs have been exploring from different marine 
habitats. However, little attention has been paid to the occurrence of thraustochytrids in 
Thailand. To complement the sporadic knowledge of marine straminopilans in Thailand, we 
therefore reported several novel PUFA-producing thraustochytrids from various mangrove 
locations. Three hundred-eighty four thraustochytrids were screened for long-chain omega-3 
oil production. Most of thraustochytrid strains screened produced high content of PUFAs 
particularly DHA. Thirty five percent of microorganisms screened produced DHA ranging 
from 40.1-50% of total fatty acid (TFA), 32.6% had DHA content ranging from 30-40% of 
TFA and 13.2% produced DHA content greater than 50% of TFA. Owing to other PUFAs 
content, we revealed 6.3% of microbes had ARA ranging from 10-30% and 10.4% of 
thraustochytrids produced EPA of 4-14% of TFA. From this study, 9% of the microbes 
screened produced TFA greater than 60.1%. The isolation of thraustochytrids can be 
categorized into several major groupings based on the unique morphological features, 
phylogenetic data and fatty acid profiles. The most abundant species 
was Aurantiochytrium limacinum, while the other groups were species 
of Thraustochytrium, Pareitichytrium and Schizochytrium. Additionally, we discovered 
several interesting strains which could potentially be new lineages, forming basal clades with 
other genera within the Thraustochytriaceae, Labyrinthulomycetes. Our result demonstrated 
the high diversity of thraustochytrids isolated from Thailand and suggested the potential use 
of these newly isolated thraustochytrids for the production of high value fatty acids for the 
industrial application. 
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Taxonomy and phylogeny of yellow Clavaria species with clamped basidia –  


Clavaria flavostellifera sp. nov. 
Ibai   Olariaga1*, Isabel   Salcedo2, Pablo P.   Daniëls3, Ivona   Kautmanová4 


 
1Life Sciences, University of Alcalá, Spain 
2Plant Biology and Ecology, University of the Basque Country (UPV/EHU), Spain 
3Department of Botany, Ecology and Plant Physiology, University of Córdoba, Spain 
4Cryptogamy, Slovak National Museum-Natural History Museum, Slovak Republic 


  
This study seeks to resolve species limits of a group with taxonomic and nomenclatural 
problems and discusses the phylogeny and circumscription of Clavaria, using morphological 
and molecular approaches. ITS and LSU of the nuclear rDNA were amplified for targeted 
collections, and analyzed using Bayesian and Maximum Likelihood approaches. The LSU 
and ITS analyses resolve several species relationships. Yellow clamped Clavaria species nest 
in two clades: a) C. flavostellifera clade, sister to C. incarnata and C. asterospora in ITS 
analyses, characterised by producing ornamented spores; and b) C. argillacea-C. 
citrinorubra-C. flavipes-C. sphagnicola clade, with smooth spores. Molecular evidence that 
supports C. sphagnicola as separate from C. argillacea is provided for the first time. Clavaria 
flavostellifera is described as new and it is characterized by yellow basidiomata that produce 
broadly ellipsoid ornamented spores. The holotype of C. flavostellifera showed only smooth 
spores from a spore print, but scattered ornamented sporesin hymenium 
sections. Camarophyllopsis and Clavicorona are recovered within a paraphyletic Clavaria in 
our LSU phylogeny. The clampless context hyphae and narrow slightly thick-walled mycelial 
hyphae are proposed as synapomorphies of Camarophyllopsis and Clavaria. The ITS region 
is proved to be an adequate DNA barcode region in Clavaria. Spore characters were useful 
for species delimitation of yellow clamped Clavaria species. We question the usefulness of 
spore ornamentation as taxonomic character and consider it facultative but only present in 
some taxa. 
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Durio zibethinus and Bauhinia purpurea, two new tropical hosts of Erysiphe quercicola 


from Indonesia 
Siska Arie Santy   Siahaan1*, Iman   Hidayat2, Kartini   Kramadibrata3, Jamjan   Meebon4, 


Susumu   Takamatsu5 
 
1Life Science, Mie University, Japan, Japan 
2Microbiology, Indonesian Institute of Science, Indonesia 
3Botany, Indonesian Institute of Science, Indonesia 
4Agriculture, Ministry of Agriculture, Thailand 
5Life Science, Mie University, Japan 


  
During the powdery mildew (PM) collection trips in Indonesia in 2011 and 2013, we 
found two new tropical plants, Durio zibethinus and Bauhinia purpurea, as new hosts 
for Pseudoidium anacardii (teleomorph: Erysiphe quercicola). This  species is widespread in 
tropical and subtropical Asia, Africa and South America; shared the same anamorphic 
characters with PM species attacking other tropical plants, i.e. Acacia spp., Anacardium 
occidentale (cashew nut), Bixa orellana, Cinnamomum camphora (camphor tree), 
Citrus spp., Hevea brasiliensis (rubber tree), Mangifera indica (mango), and Murraya 
paniculata (jasmine orange). This species is believed to be originated from oak tree 
(Quercus spp.), Fagaceae, in the Northern Hemisphere. Phylogenetic analyses based on the 
28S and ITS rDNA indicate that the sequences from the anamorphic state of PMs on D. 
zibethinus and B. purpurea belong to the E. quercicola clade. However, the ITS sequence of 
the PM on D. zibethinus showed 3-base differences from other sequences in the E. 
quercicola clade. This is the result from a single sequence of Durio PM. Detailed 
morphological observations and more number of sequences of this fungus are required to 
confirm the result. 
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We need a textbook on tropical mycology! 
Meike   Piepenbring1* 


 
1Department of Mycology, Goethe Universitaet Frankfurt am Main, Germany 
  
In order to conserve fungi we need more people fascinated by these organisms, with the key 
activity being attractive teaching on mycology. Textbooks on mycology are mostly written by 
professionals who acquired their knowledge in northern temperate zones. Fungi in the tropics 
are basically similar, but especially in tropical lowlands, ecology and species compositions 
are different. Therefore, it is often difficult for mycology teachers in the tropics to combine 
theoretical knowledge with direct observations in the field and to select fresh specimens for 
the morphological analysis in the laboratory. A textbook written by the author in English and 
Spanish will fill this gap. It provides basic information for all orders and ecological aspects of 
fungi which can be found during mycological fieldwork in the tropics, illustrated with 
numerous photos, drawings, and diagrams. Information on life cycles of selected species is 
included as schematic illustrations. Genera typical for tropical regions were chosen to 
represent different orders and tropical ecological highlights are presented, like fungi 
cultivated by social insects, Septobasidium spp. hosting scale insect populations, 
endomycorrhizal forests in lowlands, and mycoheterotrophic plants. This textbook shall soon 
be published by APS Press and offered to teachers, mycologists, and naturalists in tropical 
countries! 
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Marine fungi from India: Corollospora Werdermann (Ascomycota) 


Ashok   Tuwar1* 
 
1Botany, Arts, Commerce & Science College, Sonai, Tal. Newasa, Dist. Ahmednagar, (Maharashtra), India 


  
The present article deals with 15 species of the genus Corollospora Werdermann recorded 
from marine habitats along the coast of India. Samples of drift wood and intertidal wood and 
foam samples were collected randomly during low tide period from different coastal areas 
along the coast line of Goa. It is now known that spores of these fungi are trapped and 
accumulated in sea foam on sandy beaches and that the sea foam acts as source of the 
areniculous fungi of the beach Arenicolous ascomycetes might be used as indicators of 
ecosystem disturbances of sandy beaches. In the present paper an account of 15 species of the 
arenicolous genus Corollospora Werdermann recorded from sandy beaches along the coast 
of India is provided. Out of which Corollospora angusta Nakagiri  & Tokura, C. 
cinnamomea  Koch, C. filiformis Nakagiri, C. pseudopulchella Nakagiri & Tokura, C. 
quinqueseptata Nakagiriare being reported for the first time from Goa coast, while 
Corollospora besarispora Sundari and Corollospora fusca Nakagiri & Tokura are being 
recorded for the first time from India. Key for identification of all encountered species is 
provided. This data provides information on the distribution of these fungi in India, apart 
from description and illustrations. The taxonomy, morphology and ecology of these fungi 
will be illustrated and discussed in the talk.   
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The thinning of forest has detrimental effect to the short lifespan and small genet 
macrofungus 


Wan-Rou   Lin1*, Pi-Han   Wang1 
 
1Life Sciences, Tunghai University, Taiwan 


  
Fungal species vary in their spatial extent and temporal persistence.  Populations with small 
and short lifespan genets are presumed to have been established by sexual reproduction via 
meiospores.  A reduction in sporocarp production of this type fungi may be particularly 
worrisome from conservation perspective. In the present work, we investigated the 
population genetic structure of a new macrofungal species associated with Japanese cedar in 
Taiwan and monitored changes of its population during 7 years after thinning 
disturbance.  According to the RAPD patterns of sporocarps, Scytinopogon sp. nov. 
population had numerous small size and short lifespan genets.  Population genetic 
differentiation among the years indicated the colonies renewed yearly.  The populations 
disappeared in heavily thinning plots in first two years post-thinning, and were recorded at 
third year post-thinning.  The sporocarps recovered 40% at fourth year post-thinning. The 
recovered genets showed similar RAPD patterns as the subpopulations from other treatments 
in the same year.  That indicated recovery of the macrofungus population in thinning plots 
was by the basidiospores recruited from adjacent un-thinned shelter plots.  The 
subpopulations in heavily thinning plots went locally extinct.  To conserve rarity fungal 
species, minimum viable population has to be protected during forest managements.  The 
recovery of population relies on nearby viable spore banks, however, it took more than seven 
years to recover. 
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The species of Tolypocladium in Changbai Mountain Natural Reserve, China 
Guozhong   Lu1*, zhihui   Zhao1, Dan   Su1, Xiaodong   Sun1, Hong   Yang1 


 
1College of Environment and Resources, Dalian Nationalities University, China 


  
Changbai Mountain Natural Reserve (CMNR) is one of the earliest natural reserves of China 
joining in ‘the Man and the Biosphere Programme’ of UNESCO. CMNR is a typical forest 
ecological system characterized with plentiful plants and animals and evident vertical 
distribution of vegetations along the altitude, it is an expected research area for biodiversity. 
The approach of fungal diversity in CMNR is very poor, especially the investigation of soil 
fungi. The authors conducted an integrated investigation of soil fungi in CMNR in the past 
few years, and gained 300 isolates of the genus Tolypocldium. They were identified as T. 
cylindrosporum, T. geodes and T. niveum. Their ecological analysis showed that they were 
cryophilic fungi because they were predominantly generated in higher altitude forest soil of 
1700-2500m than lower altitude. Li CL (1988) found a new species of T. sinensis C.L. Li 
from sclerotia of Cordyceps sinensis. Tolypocladium is relatively more likely to be isolated 
from tundra soil and micro-fauna in soil. It is concluded that CMNR is plentiful with 
Tolypocladium species, especially in higher altitude forest soil or tundra soil. The species of 
Tolypocladium are producers of immune-suppressant cyclosporine and entomopathogenic 
fungi, they are of significance in medical production and insect bio-control. 
 
Keywords: Changbai Mountain, soil fungus, Tolypocladium, biodiversity 
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An overview on the value of the Ascomycota diversity from Mexican mangroves 
Maria   Gonzalez1*, Richard T   Hanlin2 


 
1Department of Botany, Mycology Lab C-121, National Autonomous University of Mexico, Mexico 
2Mycology Herbarium, University of Georgia, United States 


  
Mangroves are distinctive littoral plant formations of tropical and subtropical sheltered 
coastlines. The mangrove ecosystem is characterized by an assemblage of species 
communities which interact among themselves and with the environment. The mangrove 
fungi, mainly belonging to Ascomycota, perform a key function as saprotrophs for the 
efficient enzymatic degradation of biochemically complex substrata like those that contain 
lignocellulose. The value of mangrove fungi diversity as a consequence of bioprospecting 
studies is well documented. Presently, Mexico is ranked one of the five more biodiverse 
countries of the world. This country has a total mangrove coverage of 655,667 ha located on 
coasts of the Pacific Ocean, Gulf of California, Gulf of Mexico and Caribbean Sea. Although 
in Mexico only Rhizophora mangle, Laguncularia racemosa, Avicennia 
germinans and Conocarpus erectus dominate the mangrove forests, those ecosystems are 
considered high biological and genetic diversity spots because they are sanctuary for many 
organisms. The distinctive ecological characteristics of each Mexican mangrove system 
could result in the presence of rare and/or native species with elevated ecological and 
economic value. From 276 Ascomycota species actually known from mangrove, only 31 are 
registered from Mexico as the result of five explorations. Therefore, it is necessary to 
undertake projects related to the discovery and preservation of mangrove Ascomycota species 
with potential value for biotechnological applications. 
  
Keywords: Ascomycota, mangrove, Mexico, Rhizophora mangle 


  
*Presenter : Maria Gonzalez 
Email : mcgv@ib.unam.mx 
  
 
 
 
  
 


  770







P 6.1.15 
 
Scientific Theme : 6 Diversity and Conservation 
Session : 6.1 Conservation of fungi: essential components of the global ecosystem 
 
Account ID IMC0786  
Abstract ID ABS0444 
 


New species of Entoloma (Entolomataceae, Agaricales) from Jalisco, México 
Diego   Montañez1, Machiel E.   Noordeloos2, Laura   Guzmán-Dávalos1* 


 
1Botany and Zoology, University of Guadalajara, Mexico 
2-, Naturalis Biodiversity Center, Netherlands 


  
Entoloma is one of the most diverse genera of fungi in the Agaricales group, with 1000 to 
2000 species. All have pink spore print and angular basidiospores in all views. Nevertheless, 
it is a heterogeneous genus, because contains species with very different macro and 
micromorphological characters. Its presence has been recorded in various habitats around the 
world and has a wide distribution on all five continents. USA, Oceania, and Europe are the 
best-studied regions. In Mexico, 41 species have been recorded, listed in inventories of some 
states or nature reserves, but there is not any taxonomic study of the genus for the country. 
We reviewed the collection at Herbarium IBUG and found 27 specimens, all from the state of 
Jalisco, Mexico, associated with six new species, based on morphological characters. We 
describe, illustrate, and compare them with similar species. The proposed names for these 
new species are E. atrolignicola, E. brunneotactum, E. decurrens, E. jaliscana, E. 
olivofibulatum, and E. tequilana. From them, E. jaliscana is the more common in 
Quercus and Pinus forest in the state of Jalisco. It is similar to E. carolinianum and E. 
sericatum, differing from them in the velutinous to distinctively fibrillose dry lighter pileus 
versus the glabrous or finely fibrillose hygrophanous darker pileus in the last two species. 
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Forest conversion to tree plantations reduces macrofungi richness and functional 
diversity 


Claudia   Pandolfo Paz1*, Jair   Putzke2, Gislene   Ganade3 
 
1School of Marine and Tropical Biology, James Cook University, Australia 
2Department of Biology, Santa Cruz do Sul University, Brazil 
3Department of Ecology, Federal University of Rio Grande do Norte, Brazil 


  
The conversion of native forests to tree monocultures has been a worldwide threat for 
biodiversity. Although these impacts are well studied for a wide range of taxonomic groups, 
effects of forest conversion on species and functional diversity of macrofungi communities 
are poorly known. Thus, over a 12 month period we sampled macrofungi fruit-bodies in 
South Brazil in four different forest habitats:  Native Araucaria angustifolia forest, plantation 
of araucaria as well as exotic tree plantations of pines and eucalypts. We have identified 291 
species of macrofungi and counted around 42,000 fruit-bodies over 12 months. The 
conversion of native forest to exotic tree plantations decreased species diversity – from total 
142 species in native forests to 59 in eucalypt plantation and 25,000 fruit-bodies in native 
forest to less than 2,000 in pine plantation. Besides, the occurrence of 
macrofungi decomposers in exotic tree plantation also reduced from 105 species in native 
forests to 36 and 59 species in pine and eucalypt plantations respectively. On the other hand, 
native tree plantations were more similar to the forest in terms of macrofungi diversity and 
functional patterns than exotic tree plantations; which leads us to recommend a shift of 
Brazilian forestry guidelines towards production of native tree species instead of exotic trees. 
We then conclude that conservation of forest fungi diversity and their related ecosystem 
functionality rely on the preservation of native forests and incentives to produce native 
timber. 


  
Keywords: Macrofungi diversity, Araucaria angustifolia forest, forest conversion, functional 
groups, tree plantations 
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A new rust, Pucciniastrum myosotidii, found in the remote Chatham Islands, New 
Zealand 


Eric   McKenzie1*, Mahajabeen   Padamsee1 
 
1Systematics, Landcare Research, New Zealand 


  
Pucciniastrum myosotidii was recently described from the remote Chatham Islands on 
cultivated plants of the giant forget-me-not (Myosotidium hortensium), a megaherb with a 
threatened existence in the wild. The genus Myosotidium is monotypic, endemic to the 
Chatham Islands, and has no obvious relatives in the Boraginaceae. The rust has not been 
found on wild plants. Although no teliospores were found, LSU and SSU sequence analysis 
showed that the new rust is closely related to some species of Pucciniastrum and Thekopsora 
forming a weakly supported clade together with P. boehmeriae, P. epilobii, P. circaeae, P. 
goeppertianum, P. guttatum, P. pustulatum, T. minima and P. [Melampsorella] symphyti. 
Pucciniastrum brachybotrydis, which has been recorded elsewhere on members of the 
Boraginaceae, is molecularly distinct from P. myosotidii and can possibly be recombined in 
Puccinia. A question remains as to whether or not Pucciniastrum myosotidii is native to 
Chatham Islands. The isolated position of the Chathams and the uniqueness of the host plant 
would suggest that the rust is indigenous, if not endemic. However, the failure to find this 
rust on wild-growing plants suggests that it may be introduced. Either way, how did the rust 
get to the Chatham Islands? Only one other (indigenous) species of Pucciniastrum is known 
from New Zealand. If this rust is endemic to Chatham Islands, then it must be accepted as a 
species of conservation value since the host plant is under threat from grazing animals and 
habitat loss and is considered to be “nationally endangered”. 
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Two new species of the aquatic anamorphic fungi-Trisulcosporium 
Yen Thi Hoang   Le1*, Yasuhisa   Tsurumi2, Van Hop   Duong3, Katsuhiko   Ando4 


 
1Vietnam Type Culture Collection, Vietnam National University, Viet Nam 
2NBRC, National Institute of Technology and Evaluation, Japan 
3VTCC, Vietnam National University, Viet Nam 
4NBCR, National Institute of Technology and Evaluation, Japan 


  
During an investigation of microfungi in Viet Nam, three cultures (VTCC-F-1206, VTCC-F-
1209 and VTCC-F-1210) were isolated from fallen leaves collected in Phu Quoc Island, Kien 
Giang, Viet Nam, by single spore isolation method. Spore production is observed when the 
colony pieces are submerged in distilled water. The conidial shape is tri-radiate and similar to 
that of Trisulcosporium, which is consisted with one main axis and two arms develop at the 
basal cell of the main axis. The shape of the main axis and the arms is characteristic, and 
chains of sausage-shaped cells. The conidial size is different among those three cultures. 
Main axis of VTCC-F-1210, VTCC-F- 1209 and VTCC-F-1206 were 67-95 µm, 37.3- 50-
(70) µm and 95-130 µm long, respectively. The numbers of cells in main axis are also 
different. Six- to eight- cell; five- to six-celled; eight- to eleven- celled main axis in VTCC-F-
1210, VTCC-F- 1209 and VTCC-F-1206, respectively. Phylogenetic analysis based on LUS 
rDNA (D1/D2 regions) sequence of these Vietnamese fungi showed that they were separate 
at species level and nested in the Chaetothyriaceae clade that includes 
three Ceramothyrium  available in NCBI: C. carniolicum, C. thailandicum and C. 
podocarpi. Ceramothyrium is teleomorph of Stanhughesia and Trisulcosporium. Base on the 
both morphological and phylogenetic analysis we should conclude that VTCC-F-1206 and 
VTCC-F-1209 are the new species of Trisulcosporium. 


  
Keywords: Anamorphic fungi, novel fungal species 


  
*Presenter : Yen Thi Hoang Le 
Email : yenlth@vnu.edu.vn 
 
 
 
 
 
 
 
 
 
 


  774







P 6.1.19 
 
Scientific Theme : 6 Diversity and Conservation 
Session : 6.1 Conservation of fungi: essential components of the global ecosystem 
 
Account ID IMC1028  
Abstract ID ABS0570 


 
A new class of Pucciniomycotina, Basidiomycota 


Yen Thi Hoang   Le1*, Yasuhisa   Tsurumi2, Van Hop   Duong 3, Katsuhiko   Ando4 
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During the investigation of microfungi in Viet Nam, two fungal strains were isolated from 
fallen leaves collected in Phu Quoc Island, Kien Giang, Viet Nam, using single spore 
isolation method. They grew slightly slow on Low Carbon Agar medium and formed white 
mycelial colonies. They produced several holoblastic conidia at the tip of short erect branch 
of hyphae on the medium. Conidia are hyaline, smooth, filamentous, straight or slightly 
curved at the upper position, and two- or three-celled. Each cell of conidia has two nuclei. 
Yeast stage was not observed. BLAST results of 18S rRNA gene showed the relations 
between them and several genera: Sporobolomyces (Microbotryomycetes), Bannoa and 
Erythrobasidium (Cystobasidio-mycetes), and Helicobasidium (Pucciniomycetes). However 
their similarity values were less than 92%. Phylogenetic analysis based on 18S and 28S 
rRNA gene indicated respectively that these isolates belong to subphylum Pucciniomycotina 
(Basidiomycota). Their relationships with other classes of Pucciniomycotina were quite low. 
Therefore, these Vietnamese isolates might belong to a new class in Pucciniomycotina. 
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Impact of tsunami on yeasts diversity at Leam Son National Park in  
Ranong province, Thailand 


Sasitorn   Jindamorakot1*, Somjit   Am-In1, Savitree   Limtong2 
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The number of yeasts in water and sediment from mangrove forest in Ranong province, 
Thailand were in range of 3-966 cfu/100 ml and 3-1,400 cfu/g, respectively. Yeasts were 
identified based on comparative sequenced analysis of the D1/D2 of LSU rDNA gene. 
Among 260 isolates belonging to 44 described species of 18 genera in ascomycetous yeasts 
and 17 described species of 5 genera of basidiomycetous yeasts. Twelve isolates were similar 
to 9 undescribed species and the remaining 5 isolates were unidentified. In total, 18 isolates 
were identified to be 15 novel species. A novel species of the genus Naumovozyma was 
studied on physiological and biochemical characterization and phylogenetic analysis to 
propose as a novel yeast species namely, Naumovozyma siamensis sp. nov. Three species of 
Candida thaimeuangensis, C. tropicalis and Kodamaea ohmeri can be found both before and 
after tsunami, while C. phangngensis and C. picinguabensis never found before, but were 
found one month later after tsunami, and then never found again. These two species may 
have been swept by the tsunami. The number of species was decreased in mangrove forest in 
Ranong province due to the effect of tsunami in December 2004, which 18 species 
disappeared after the tsunami, then only 4 and 10 species can be found after 1.5 and 7 years 
later, respectively. The diversity of yeasts should be returned by natural mechanism; 
however, it may take a long time to recover the diversity. 
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Classification of Helicascus-like marine dothideomycetous fungus appraised by 
multigene DNA sequence analyses 


Sita   Preedanon1*, Anupong   Klaysuban1, Satinee   Suetrong1, Panida   Unagul1, Tanuwong   Sangtiean2, 
Jariya   Sakayaroj1 
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Obligate marine fungi are those that can grow and sporulate in a marine or estuarine habitat. 
They are a world wide ecological group, at the same time, distinct in their geographical 
distribution and variety of substrata in the ocean and marine habitats. Equally important, 
marine fungi are a potential source for bioactive compounds or new chemical structures. 
Accordingly, as part of an ongoing study of the marine fungal diversity in Thailand, an area-
based study was conducted at Trat province, eastern Thailand. A total of 132 marine fungi 
were classified by morphological characteristics. Subsequently, two isolates (MCR116 and 
MCR118) with unique morphological features were studied based on the multigene sequence 
analyses (SSU, LSU, EF-1 and RPB2). The phylogeny revealed that they belonged in class 
Dothideomycetes and distributed to family Morosphaeriaceae, order Pleosporales. They 
formed a clade with various Helicascus species comprising marine and freshwater taxa. This 
fungus shares morphological features with a genus Helicascus, however, differs from the type 
species, H. kanaloanus especially the structure of ascomata and ascospore shape. Our strains 
are characterized by immersed ascomata, lenticular, flatten, enclosing several loculi, small 
ascospore,  slightly constricted at the septum, thick-walled with only one end apiculate; 
whereas in H. kanaloanus the ascomata are depressed ampulliform with larger ascospores. A 
genus Helicascus presently comprises only two species from marine habitats: H. kanaloanus 
and H. nypae. Absolutely, our morphological and molecular results indicated that MCR116 
and MCR118 could potentially be a new species of Helicascus. 
  
Keywords: Classification, Dothideomycetes, Helicascus, marine fungi, multigene 
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Mycobiota of the Biebrza National Park. Polish Mycological Society inventory. 
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Biebrza National Park (BNP) is the largest protected area in Poland, located in northeastern 
part of the country (Podlasie province), along the Biebrza River. The most precious part of 
the BNP is the Biebrza Marshes with an area of 254.94 km². In August 2012 and 2013 
members of Polish Mycological Society (PMS) conducted a short-term inventory of macro- 
and microfungi in different habitats of BNP. The total number of macrofungi found during 
the survey in late August 2012 was 289 taxa: 17 belonging to Ascomycota and 272 to 
Basidiomycota. In the next year 422 taxa were found, with nearly 200 new to BPN. Identity 
of 39 ectomycorrhizal fungal species has been confirmed using molecular techniques. Among 
the collected fungi, five species are newly reported to Poland (Amanita olivaceogrisea, 
Lepiota lepida, Stropharia alcis, Xerocomus fennicus, X. cisalpinus) and the majority of 
macrofungi has been so far not known from BNP. List of microfungi found in BNP reaches 
258 taxa. Four species are newly reported to Poland (Alternaria nobilis, Clonostachys solani, 
Mariannaea elegans and Metasphaeria cumana). In total 23 species of entomopathogenic 
fungi were identified as pathogens of different arthropods and three species were isolated 
from forest soil or litter by means of the Galleria bait method. Among them 13 belong to 
Zygomycota (Entomophthorales) and 13 to Ascomycota (Hypocreales). Despite of the 
limited sampling effort our results showed high diversity of mycobiota inhabiting area of 
BPN. 


  
 Keywords: All-species-inventory, Biebrza National Park, marches, Polish Mycological 
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Fleshy macrofungi of northern tropical Australia: filling the phylogeographic and 
species diversity gap 
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Few studies on the origins of Australian macrofungi have been published. Active 
collecting in Queensland and Western Australia over the past 5 years has led to the 
discovery of novel species and evidence of links between northern tropical and southern 
macrofungi, but also to SE Asian species groups. While collections from southern 
Australia are fairly extensive, those from western and central northern tropical Australia 
are still sparse. Here we provide the most comprehensive analyses to date of distribution 
patterns for northern tropical Australian macrofungi, including their species diversity and 
phylogeography. These are based on molecular analyses of samples collected during a 
collecting expedition to the “Top End” on the Northern Territory. This expedition 
resulted in 424 collections of macro-fungi (estimated at ~280 morpho-species) nearly 
quadrupling the number of recorded collections from this region. A number of biotropic 
(e.g. Amanitaceae, Boletaceae, Russulaceae) and saprobic (e.g. Agaricaceae, 
Polyporaceae) families appear to be common and diverse in tropical Australia. Sequence 
data of the fungal barcode regions ITS & partial LSU rDNA have been generated for a 
majority of these collections. These data will allow for more accurate assessments and 
comparisons of the biodiversity of macrofungi from this region to other regions of 
Australia and Asia. 
  
Keywords: Biogeography, fungal diversity, mycorrhizal fungi, wood-rot fungi, DNA 
barcoding 
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Response of non-vascular epiphyte diversity to different levels of disturbance in  
tropical montane forests of Ecuador 
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Montane tropical rain forests are considered hot spots of global biodiversity, being 
simultaneously one of the most threatened habitats in the world. They are being destroyed 
and fragmented due to human activities such as forest clearing and logging. Non vascular 
epiphytes (bryophytes and lichens) are an important component of these forests, in terms of 
diversity, biomass and functioning. We measured non-vascular epiphyte diversity in six 
forest subjected to different disturbance gradients (primary forests, secondary forests, and 
monospecific forests of Alnus acuminata) situated in southern Ecuador. Presence/absence and 
coverage of epiphytic lichens and bryophytes were assessed on 240 trees. A total of 372 
epiphytic species (305 lichens and 67 bryophytes) were identified in 60 plots. We found that 
total epiphytic diversity was higher in primary forests than in more altered vegetation. Lichen 
richness was negatively affected by cutting large trees (habitat loss), while the 
impoverishment of bryophytes was also related to the reduction of the canopy cover. These 
results evidence that bryophyte and lichen communities in tropical forests can be used to 
evaluate forest quality and to detect disturbance at an early stage that will permit to take 
appropriate management measures to avoid further deterioration of the forest.  
  
Keywords: Conservation, cryptogamic communities, forest quality, management, richness 
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Soil salinity intrusion effects on the spatial distribution and diversity of 
Glomeromycotan fungi in a rice based agrarian system 


Harikumar   VS1* 
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The intrusion of saline water from the sea to rice fields through water inlets during summer 
months is a major problem that impedes crop production in wetlands of Kuttanad, Kerala, 
India. The aim of the present study was to investigate as to how the process affects the 
distribution and diversity of Glomeromycotan fungi forming arbuscular mycorrhizal (AM) 
associations in five regions of rice production viz., Upper Kuttanad (UK), Kayal lands (KL), 
Lower Kuttanad (LK), North Kuttanad (NK) and Kari lands (KR). Soils were sampled from 
15 sites across the salinity affected regions. The extent of salinity was evaluated based on 
Electrical conductivity (Ec) of these soils. Populations of AM fungi were identified and 
quantified using spores from the soil. The diversity of AM fungi and its relationship with soil 
salinity were evaluated. The analysis of soil samples revealed a spore density ranging from 9 
to 20 per 50 g soil with the incidence of 12 species of AM fungi belonging to 6 genera, 
Acaulospora, Archaeospora, Diversispora, Gigaspora, Glomus and Paraglomus. The 
frequency of occurrence of different taxa of AM fungi varied greatly. Among the different 
regions of sampling, maximum fungal diversity was observed in KL followed by LK where a 
relatively low level of salinity was recorded. Pearson correlation revealed a negative 
relationship (r=-0.539, df 1, P=0. 038) between Glomeromycotan diversity and soil salinity. 
  
Keywords: Salinity intrusion, Glomeromycota, diversity 
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Effects of aspect orientation and water treatment on the secondary metabolite of the 
lichenized fungi Parmotrema tinctorum transplanted to artificial substrates in Thailand 
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The lichenized fungus Parmotrema tinctorum is a common lichen in Thailand. Its secondary 
metabolic product has potential to be utilized in several aspects. The objective of this study 
was to investigate the effects of water treatment and aspect orientation on production of 
secondary metabolites of the lichen P. tinctorum transplanted on a man-made substrate. Nine 
hundred and sixty thallus fragments of P. tinctorum were transplanted on nylon nets that 
stand at about 40oinclination over the ground at Khao Yai National Park. These substrates 
faced the four cardinal directions as well as one horizontal net. Three water treatments were 
applied to the transplanted thalli, consisting of no extra water (control), evaporated moisture 
from soil watering, and spraying water over the thalli. After 36 months of transplantation, soil 
watering enhanced methyl oresllinate, atranorin, chloro atranorin and lecanoric acid 71%, 
46%, 46% and 25% respectively in the east-facing thalli, whereas  chloro atranorin, atranorin 
and orsellinic acid increased 61%, 46% and 9% respectively in the horizontal thalli. Soil 
evaporated water did not enhance secondary metabolite production on the south, the west and 
the north orientation, except chloro atranorin. The thalli that received spray water all died. 
This study revealed that most secondary metabolites of this lichen increased in thalli that 
received more moisture from soil watering, and higher illumination from the east in the 
morning. However, different lichen substances require different moisture and light regime to 
enhance their productions. 


  
Keywords: Lichen transplantation, Parmotrema tinctorum, secondary metabolite, aspect 
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Current status of fungal inventory in Japan: do we really have what we know? 
Tsuyoshi   Hosoya1*, Kentaro   Hosaka1 
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Importance of cumulating metadata supported by voucher specimen is increasing than ever to 
understand the biodiversity. In alliance to this direction, databasing of the specimen data 
housed in museums and their evaluation and integrated use is one of the key issues. National 
Museum of Nature and Science is one of the largest fungarium in Japan, which houses about 
100,000 fungal specimens. The databasing of these specimens has been carried out and 
currently about 50% of the specimen records has been digitized and databased. JBIF 
(http://www.gbif.jp/v2/en/), Japan node of GBIF, is contributing to collecting and providing 
fungal biodiversity data to Global Biodiversity Information Facility (GBIF), together with 
specimen data from other museums. On the other hand Science Museum Net, a collaborative 
activity among museums and public institutions provides integrated data of the specimens 
housed in each institutes, and has accumulated so far about 80,000 records of fungal 
specimens in Japan. However, these figures represent only ca. 450 species of macrofungi. 
Meanwhile a check list of fungi in Japan became available (Katumoto 2010), and new 
records thereafter have been also cumulated (http://www.mycology-
jp.org/~msj7/WL_information_J/List-Japan.html). The verification between the check list 
and actual specimen records are limited, and further cumulation of specimen data based on 
accurate identification, and assembling precisely described metadata are required. 
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Which fungi require conservation? - assessing threat status of New Zealand species 
Peter   Buchanan1*, Jerry   Cooper2 
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Habitat loss, climate change, pollution, invasive species, and over-harvesting are factors 
impacting species survival of members of kingdom Fungi as for all kingdoms of life. 
Recognition of the need to conserve fungi is growing globally, in part led by the 400-member 
International Society for Fungal Conservation (ISFC; established 2010). Five Fungal 
Specialist Groups have been formed in IUCN, and members are accumulating data of 
candidate taxa to be proposed for IUCN Red Listing. Consideration is being given to a Global 
Strategy for Plant and Fungal Conservation. Threat status of New Zealand’s fungi was first 
assessed in 2002 using New Zealand Threat Classification System (NZTCS) criteria. Sixty-
five species were classified in different threat categories, and over 1400 species as data 
deficient. Only macrofungi and obligate host-specific microfungi were considered. A 
pragmatic approach is favoured for the revision of threat status now in progress for all 
indigenous species. This re-evaluation incorporates new taxonomic and distribution 
information, acknowledging that threat status is a hypothesis based on current knowledge. 
Challenges to practically assess threat status are being addressed, including measurement of 
fungal individuals and populations. A simplified unit of occupancy measure is being tested as 
a surrogate for individuals and populations. Examples will be presented of assessments of 
New Zealand threatened fungi using unit of occupancy, NZTCS and IUCN threat 
criteria.  High-throughput DNA sequencing of environmental samples will enable more 
objective measurement of all biodiversity including fungi. Future application of these 
techniques across New Zealand’s national biodiversity monitoring grid has the aspirational 
potential to define distribution of all fungi, and to identify those fungi that are rare and 
threatened at national scale.  
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Preliminary macrofungi distribution of Samanlı Mountains, Turkey 
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Samanlı Mountains are located at the southeast of Marmara Region. The range stretches 
between Bozburun at the edge of Armutlu Peninsula in the west, and Geyve Strait formed by 
Sakarya River in the east. A close look on the natural vegetation of the study area highlights 
kermes oak (Quercus coccifera), holy oak (Quercus ilex), and bay laurel (Laurus nobilis) as 
the main shrubs and ligneous plants in the maquis formation of Samanlı Mountains up to 
500-600m. Hawthorn (Crataegus oxycantha) and a Black Sea enclave, boxwood (Buxus 
sempervirens) are also seen in patches among maquis elements. Main ligneous plants in the 
forest cover of the area are pedunculate oak (Quercus pedunculata), oriental beech (Fagus 
orientalis), Uludag fir (Abies bornmulleriana), chestnut (Castanea sativa), black pine (Pinus 
nigra subsp. nigra var. caramanica), stone pine (Pinus pinea), Turkish pine (Pinus brutia), 
common hornbeam (Carpinus betulus) and Scots pine (Pinus sylvestris). Also seen in patches 
are groups of oriental plane (Platanus orientalis), maple (Acer platanoides), and white poplar 
(Populus alba). The area is located in the Mediterranean climatic zone in terms of 
macroclimatic type, and the annual rainfall varies between 400mm and 1200mm in different 
regions. Field studies has been occurred between October 2012 – October 2013. After 
both field and laboratory studies totally 168 species were identified. Of them 14 species 
belong to Ascomycota and 154 species belong to Basidiomycota. Ecological status 
distribution of the species is as it follows; 10 lignicolous, 82 mycorrhizal, 15 parasite and 61 
saprobe. 21 species are also recorded for the first time for Turkish Mycobiota. 
  
Keywords: Macrofungi, distribution, ecology, Turkey 
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Tricholomopsis pteridicola (Basidiomycota, Agaricales), a new species associated with 
Pteridium aquilinum from the Basque Country 
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Jan   Holec3 
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The identity of several Tricholomopsis collections occurring in Pteridium aquilinum  
communities and tentatively assigned to Tricholomopsis flammula were investigated. To 
assess species limits, we built a ITS-LSU phylogeny of representative Tricholomopsis 
collections.  The Pteridium-associated collections are recovered in a strongly supported 
clade, sister to two clades assigned to T. rutilans, and more distantly related to T. flammula-
. The new species Tricholomopsis pteridicola is characterized by producing slender 
basidiomata, subglobose to broadly ellipsoid spores, abundant narrowly clavate to cylindrical 
cystidia, and an association with Pteridium. All T. pteridicola collections were either directly 
attached to dead rachises or growing on the ground in vicinity of P. aquilinum. 
Tricholomopsis flammula differs from T. pteridicola in more ellipsoid spores, distinctly 
broader lageniform-fusiform pleurocystidia and being wood-inhabiting. Tricholomopsis 
rutilans is microscopically similar to T. pteridicola, but produces more robust basidiomata 
and grows on conifer wood. Most part of the sequenced material of T. rutilans showed 
narrowly clavate to cylindrical pleurocystidia, but scarce in two collections. We did not find 
any morphological difference between the two clades attributed to T. rutilans. The ITS-LSU 
phylogeny proved useful for species delimitation of Tricholomopsisspecies. This study shows 
that pleurocystidia have been overlooked in T. rutilans. 
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Some aspects of Ascomycota and their anamorphs from Brazilian cerrado including 
new findings on Parmulariaceae from tropical areas 


Carlos Inacio1* 
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Foliicoulous fungi from cerrado vegetation have been studied by several mycologists in the 
last years including Paul Hennings, Augusto Chaves Batista, Ahmés Pinto Viégas, Carolo 
Luigi Spegazzini (Dianese, 2000) where significant contribution was done by modern 
mycologists like Hennen, Dianese and other mycologists at Universidade de Brasília (UnB). 
In the last few years some members of Ascomycota and its anamorphs collected from cerrado 
vegetation mainly from National Park of Brasilia, including members of Parmulariaceae were 
taken to the laboratories of Plant Pathology at Universidade de Brasília (UnB) and studied. 
Some other material including: a type species synonyms of Mendongia bambusina Racib., 
from Java, Indonesia and Philippines; some new members of Myriangiales and Asterinaceae, 
were studied and described and will be presented. Antoniomyces a new genus in 
Parmulariaceae from Panama, a specimen of Cycloschizon Henn. from Ethiopia and 
a Rhagadolobium species found on fern leaves (Adiatum sp., Pteridaceae)  in State of Rio de 
Janeiro and some other new findings collected in that State will be also presented and have 
their taxonomy discussed.  
 
Keywords: Foliicoulous fungi, Ascomycota, fungi from Brazil biomes, anamorphic fungi, 
tropical fungi 
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Mycodiversity revealed by intensive host-oriented fungal surveys: example from  
a randomly selected plant host (Miconia theizans) at a single locality in  


the Atlantic forest in Brazil 
Robert Barreto1, Lidiane Duarte1 


 
1Departamento de Fitopatologia, Universidade Federal de Viçosa, Brazil 


  
Intensive fungal surveys concentrated on a single plant host is a valuable strategy for 
expanding the existing knowledge on global fungal diversity. Unfortunately such studies are 
becoming more difficult to publish in mycology journals because of being regarded as 
“lacking a focus”. This is unfortunate as such works provide fundamental information and 
expand the frontiers of mycology revealing not only unknown fungus-host association but 
entirely novel taxa and allowing neglected or only superficially know fungi to be recollected 
and examined under new perspectives. An example of the power of this strategy is provided 
here with the example of a study performed on foliicolous fungi occurring on a small number 
of individuals belonging to a single native shrub species (Miconia theizans). Repetitive 
collection and examination of the foliage from a single locality in the highlands of the state of 
Rio de Janeiro (Brazil) in a swampy Atlantic rainforest situation yielded seven fungal taxa. 
All represented new associations with M. theizans, three are new species  - Dimerium sp. 
nov., Microthyrium sp. nov. and Symphaster sp. nov. and two represent new genera of 
ascomycete (asexual morphs). Only two species were recognized as belonging to known 
taxa: Asteridiella melastomacearum and Hyalosphaera miconiae. The former was cultured 
here for the first time, allowing later work towards elucidating the, still doubtful, 
phylogenetic placement of the genus Hyalosphaera. 
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The National Collections of Fungi: a database for phytopathogenic fungi from  
South Africa 
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The Mycology Unit of the Biosystematics Programme, ARC-Plant Protection Research 
Institute, serves as the custodian of South Africa’s National Collections of Fungi (NCF). The 
total holdings consist of two major, as well as several smaller collections. The live culture 
collection (PPRI) presently houses 11000 strains, and is affiliated to the World Federation of 
Culture Collections. The herbarium collection (PREM) traces its origin back 109 years, and 
currently accommodates more than 61,000 specimens, including ca. 3000 type specimens. 
These specimens represent South African, as well as African fungal biodiversity. The 
mobilization of collection data associated with PREM specimen holdings and associated 
literature, as well as the generation of DNA barcodes for all strains present in the PPRI 
culture collection, has paved the way for the establishment of a portal for South African 
phytopathogenic fungi. 
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Occurrence of foliicolous lichens from the Western Ghats of India 
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The Western Ghats of India has a rich patch of tropical evergreen forest, hosting a vast 
variety of organisms. This diversity rich area is underexplored for the Lichens. The present 
work has been conducted to describe the diversity of the foliicolous lichen in the Western 
Ghats. Twenty sampling sites spread over five states have been identified for opportunistic 
sampling of leaf substrates. About 47 taxa belonging to 21 genera (9 families) of foliicolous 
lichens have been identified from the place. Among them Strigula macrocarpa, Porina 
epiphylla, Mazosia phyllosema, Tricharia allostrigosa and Aderkomyces sp. are the most 
dominant species. Whereas, Byssoloma subdiscordans, Coenogonium sp. and Calenia sp. 
occur in few numbers. About 18 taxa belong to the genus Porina (Porinaceae) and 
Fellhanera (Pilocarpaceae) is represented by five species. Arthonia sp. is represented by 
single sample. Specific affinities have been observed between some foliicolous lichen 
mycobiota and phorophytes. Interestingly in almost all sampling sites the genus Strigula 
predominantly colonize on the leaves of Cinnamomum malabatricum. The lichen genera 
Tricharia and Aderkomyces were found on Calamus thwaitesii and Pinanga dicksonii. The 
tree species Memecylon talbotianum, M. umbellatum and Knema attenuata were found 
supporting highest number of foliicolous species. Dimocarpus longan, Litsea floribunda and 
Hopea parviflora are the other tree species supporting wide range of foliicolous lichens in the 
study area. 
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The Angkor momument in Cambodia, which was registered as World Cultural Heritage in 
1992, includes the famous Temple of Angkor Wat and has been internationally cooperated 
for restoration and conservation. In Bayon at Angkor Thom, one of the monuments at high 
risk of collapse, there are many ancient stoneworks such as towers with huge faces and 
decorated gallaries with reliefs. In order to prevent historical stone monuments, especially at 
the restorated sites, from biodeterioration by microorganisms, it is important to understand 
structure and dynamics in microbial community. Epilithic microorganisms were carefully 
collected with adhesive films and their nuclear rDNA genes were analysed for identification. 
Lichens were also collected and were subjected to molecular identification with rDNA ITS 
sequences after chemical analyses. Fungi belonging to the order Chaetothyriales, 
Teloschistales, Hypocreales and Capnodiales were frequently observed in the Bayon. White 
filamentous fungi in the basidiomycete order Corticiales seem to compete with and drive 
away other microorganisms, indicating the potential of biocontrol on sandstones. The fungi in 
the Chaetothyriales and algae were found to initially migrate into and settle on artificial rocks 
placed in the restoration site. 
   
Keywords: Lichen, rDNA, diversity, epilithic, restoration 
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Astrothelium is a genus of crustose lichens included in Trypetheliaceae. The genus occurs in 
tropical regions with approximately 40 species worldwide. Fourteen mycobionts 
were isolated from ascospores of lichens and grown on MYA medium for 9 weeks at room 
temperature (25-30ºC). Phylogenetic relationships were inferred from a combined data set 
including the ribosomal internal transcribed spacer (ITS) and mitochondrial small subunit 
(mtSSU) regions and morphological characters were studied and mapped on the inferred 
trees. The results of the phylogenetic analyses show that Thai Astrothelium diversity can be 
classified into at least seven species. However, not all distinct clades are characterized by a 
unique morphology. For two of the putative species (Astrothelium sp. 1 and 2) one of the 
single locus trees did not resolve them as distinct and hence the circumscription and 
relationships of these two clades remain uncertain. Phenotypically the two putative species 
can be distinguished by the presence or absence of parietin: while parietin is inconsistently 
found in Astrothelium sp. 1. it regularly occurs in Astrothelium sp. 2. The results of this study 
are on par with previous studies on Thai Astrothelium species where phylogenetic studies 
suggested that the species diversity in Thailand is higher than previously expected. 
  
Keywords: Phylogeny, lichen-forming fungi, Astrothelium, Trypetheliaceae 
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Elevational patterns of terricolous communities (bryophyte and lichens) in  
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Altitudinal gradients involve macroclimatic changes that can affect the diversity of several 
organisms. Here we tested the effects of elevation over the diversity and composition of the 
terricoluos communities (lichens and bryophytes) in five neotropicalpáramos in southern 
Ecuador. The altitudinal gradient considered (from 2700 to 3930 m asl) is associated with 
changes in rainfall and temperature. At each elevation forty sample plots of 40 x 40 cm were 
randomly selected. The presence/absence and coverage of lichens and bryophytes were 
recorded in a total of 200 sample plots. We recorded 101 species, including 56 lichens and 45 
bryophytes along the five páramos studied. Our results showed that total species richness and 
diversity tended to increase at higher elevations, but the response to elevation changes was 
dependent on the organism considered. Species composition also differed significantly 
among the five páramos. The lichen family Cladoniaceae, which exhibited the maximum 
species richness and cover at higher elevations, contributed to the majority of the variation in 
terricolous communities. We conclude that lichens and bryophytes were differently affected 
by climatic changes associated with different elevations. 
   
Keywords: Altitude ,Cladoniaceae, climatic conditions, cryptogamic communities, plant 
cover 


  
*Presenter : Maria   Prieto  
Email : maria.prieto@urjc.es 
 
 
 
 
  
 


  793







P 6.2.5 
 
Scientific Theme : 6 Diversity and Conservation 
Session : 6.2 Diversity of tropical lichens 
 
Account ID IMC1234  
Abstract ID ABS0860 
 
Lichens on Rhizophora apiculata Blume in mangrove forest of Trat province, Thailand 
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Eight hundred and seventy six lichen specimens were collected in mangrove forest of Trat 
province from eastern part of Thailand. 36.87 percentages are epiphytic lichen on leaves, 
trunk and rhizophore of Rhizophora apiculata Blume. The specimens were identified into 21 
families, 38 genera and 81 species. Five taxa were expected to be new to science. 
However Arthothelium ruanum (A. Massal.) Körb., Cresponea proximata (Nyl.) Egea& 
Torrente, Dirinaria picta (Sw.) Schaer. ex Clem., Graphis analoga Nyl. and Leucodecton 
compunctellum (Nyl.) Frisch were commonly distributed. 
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The lichen family Graphidaceae in islands mangrove forest, Eastern Thailand 
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Graphidaceae is the largest family of tropical lichens, with over 1800 currently accepted 
species. There are generally found on barks and very occasionally on rocks or leaves. Our 
objective was to explore the diversity of lichen family Graphidaceae in islands mangrove 
forest, Eastern Thailand. Four hundred and four specimens were collected and identified to 
50 species distributed in 16 genera (Chapsa, Diorygma, Dyplolabia, Fissurina, Glyphis, 
Graphis, Hemithecium, Leucodecton, Myriotrema, Nadvornikia, Ocellularia, Pallidogramme, 
Phaeographis, Sarcographa, Sarcographina, Thelotrema). Within these 7 are expecting to be 
new species to science. The genera Ocellularia and Graphis were the highest diversity with 
12 and 11 species respectively. In addition, Chapsa indica, Graphis streimannii, Leucodecton 
compunctellum and Ocellularia bahiana were the most common species. 
  
Keywords: Lichens,Graphidaceae, diversity, mangrove forest 
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This investigation of lichen communities on bark of common trees in three areas near the 
tropical rain forest at KhaoYai National Park aims to explore how lichen community 
diversity is influenced by changing forest structures during natural restoration. A total of 46 
plots, 10 x 20 cm2, were placed on tree trunks 1 m above ground. Forty-six trees, consisting 
of 11, 21 and 14 trees from the secondary forest, ecotone and primary forests respectively, 
were included. Lichen specimens within the sampling plot were then collected for 
identification at Ramkhamhaeng University. The lichens comprised 151 taxa (52 genera). 
The highest diversity was found from ecotone, and subsequently less in the secondary and 
primary forests, consisting of 86, 74, and 36 species respectively. The highest variation of 
species was noted among the forest types with beta diversity value of 21.7, while the highest 
similarity (41%) was found between the secondary forest and ecotone. This may be due to the 
effect of open canopy and similar tree species. The more abundant lichens from the 
secondary forest and ecotone were Chapsa indica, Graphis rhizicola, Hemithecium 
chrysenteron, Platygramme pudica, Sarcographa labyrinthica, and Trypethelium tropicum. 
In contrast, the primary forest with closed canopy was dominated by Ocellularia 
allosporoides, O. maxima, Porina nuculastrum, and P. tetracerae. Different lichen 
communities in the two main forest types indicate that each forest supports its own lichen 
community. This study underpins the importance of forest type and diversity of trees for 
conservation of lichens in the tropical rain forest. 
  
Keywords: Lichen community, conservation, tropical rain forest 
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The species richness is a fundamental measure of biodiversity and current trends of declining 
these in many regions of the world are posing major ecological, economic and cultural 
problems. Understanding the pattern of diversity and distribution of organisms is a key aspect 
in conservation and management. Western Ghats is one of the hot spots of biodiversity; they 
represent about 949 species of lichens, among these 253 are endemic. The study area is 
situated 75°04' and 76°22' E longitude to 12°54' and 13°53' N latitude and represent 3270 sq. 
km with a forest cover of 3270 sq.km. The temperature varies from 19 to 27°C and the mean 
annual rainfall of 2800-3000 mm. The study site was selected by random sampling method 
and the lichen samples were collected from different substrates and identified. The area is 
harbored with different types of forests supports luxuriant growth of lichens. The present 
study investigates 800 individuals belong to 81 species and they represent 25 genera placed 
in 12 families. Thecorticolous lichens were abundant (61 species). The family Parmeliaceae 
(41.6%) is dominated followed by Physciaceae (33.5%). The pattern of distribution of lichens 
varies with forest type and altitude. The tree main trunk supports for growth represents 45%, 
branches (25%), fallen twigs (11%) and others 18%. Among 81 species 75 percent were 
foliose and 23 percent were fruticose lichens. The important host trees were Terminalia 
paniculata, Ficus tsjahela, Tectona grandis, Rhandia dumetorium etc. Majority of the lichen 
species are found to favor the wood. This brings out the importance of woody microhabitats 
in promoting lichen species diversity. Some important macro lichen species of the study area 
are Bulbothrix spp., Coccocarpia spp., Dirinaria spp., Heterodermia spp., Leptogium spp., 
Parmotremia spp., Usnea spp., Ramalina spp. etc. In Western Ghats of Karnataka parmelioid 
lichens were highly diverse.  
  
Keywords: Tropical lichens, macrolichens, Western Ghats, Parmotrema, biodiversity 
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Diversity and ecology of Ophiocordyceps unilateralis sensu lato, a species complex of 
ubiquitous pathogens on ants 
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Ophiocordyceps unilateralis s.l. (Ophiocordycipitaceae, Hypocreales) is a pathogen of ants 
and widely distributed in tropics. We give a comprehensive account of its diversity which has 
been discovered by the authors in Thailand and their counterparts in Brazil. We also discuss 
about the definition of this species complex. The delimitations of species vary from major 
differences in morphology, such as positions of stroma, to minor ones comprising the shape 
and the septation of spores. In some cases, molecular phylogenies are the only tool enabling 
the identification and the delimitation of species. However, all criteria converge to the species 
of host ants except some particular cases. This underlies the preponderance of host specificity 
and suggests many more species to be discovered. We have also conducted a field-based 
ecological study showing difference in some features of life cycle and spatial distribution 
between the species found on two different genera of ants (Camponotus and Polyrhachis). 
This suggests fine scale ecological differences associated to the diversification. 
  
Keywords: Diversity, species delimitation, Ophiocordyceps unilateralis, host specificity 
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Ophiocordyceps kanotunoii sp. nov., a pathogen of coleopteran larvae from Japan 
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As a collaboration between BIOTEC, Thailand and NBRC, Japan, we surveyed and collected 
the type specimens of invertebrate pathogenic fungi in Japan.  Specimen was collected from 
different parts of Japan from June-September 2013. During this survey, we  encountered 39 
isolates belonging to 11 genera and 17 species which included Isaria tenuipes, Beauveria 
bassiana, B. brongniartii, Cordyceps militaris, Ophiocordyceps dipterigena, O. gracilioides, 
O. cuboidea, O. nutans, O. sphecoce-phala, Ophiocordyceps sp., Metacordyceps indigotica, 
Metarhizium anisopliae, Nomuraea cylindrosporae, Hymenostilbe dipterigena, Gibellula sp., 
Torrubiella sp. and Simplicillium sp. Apart from the morphological observations of 
invertebrate pathogenic fungi, we also did a preliminary molecular study of these isolates 
based on LSU D1/D2 region and ITS rDNA sequences. Our results based on ITS region and 
morphological characteristics showed that one of the 39 isolates did not match to any species 
in the literature but it has close resemblance to Ophiocordyceps stylophora and 
Ophiocordyceps clavata. Therefore, it could be a new species. The specimen was found on a 
coleopteran larva in a rotting fallen wood. It was a rarely species. The fungus produced pale 
brown stromata with a deer horn shape. Perithecia were superficial but tightly packed, brown 
and ovoid. Asci were cylindric, hyaline. Ascospores were filiform, multiseptate, breaking into 
part-spores. The anamorph of Ophiocordyceps kanotunoii sp. nov. is Hirsutella. 
Keywords: Ophiocordyceps, coleopteran, invertebrate pathogenic fungi 
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Tar spot fungi (Phyllachorales, Ascomycota) from western Panama and Costa Rica – 
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Tropical tar spot fungi (Phyllachorales, Ascomycota) are obligate plant parasitic fungi that do 
not cause great damage to their hosts and include a total of 1,226 known species worldwide. 
In the present study, surveys were carried out in tropical forests in Western Panama and 
Costa Rica (on six lowland, four pre-montane and 12 high-elevation sites) to obtain baseline 
information on the species richness of tar spot fungi. In the case of Panama, 81 species are 
reported after a comprehensive survey by T. Trampe in 2009 and in Costa Rica, there are 105 
species known, but the only exhaustive study was published 87 years ago by Stevens. A total 
of 120 plant specimens with tar spot infection were collected, corresponding to ca. 70 
species. We will be able to add 14 new records of species for Costa Rica and four species that 
are new for Panama, so far. Eight species (four for Costa Rica and four for Panama) are 
probably new to science. This taxonomic study implies detailed descriptions, drawings, and 
photographs, as well as ITS, SSU and LSU rDNA sequences for some species. A list of these 
species and information of the microhabitats and hosts in which they occur is provided. The 
high number of new records and species in both countries point out the need of studying 
groups of organisms such as Phyllachorales in the rapidly changing Neotropical ecosystems. 
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Fusticeps multiseptata sp. nov., from submerged decaying leaves in Thailand 
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The hyphomycete genus Fusticeps is briefly reviewed. Fusticeps multiseptata, found on 
submerged decaying litters (leaves and twigs) in Tat Ta Phu Waterfall at Khao Yai National 
Park, a Thai tropical forest, is illustrated and described as a novel species. It is characterized 
by the clavate conidia with 4–7 transverse septa, conidial wall with conspicuous cup-shaped 
ornamentation, and conidiophores with numerous branches resembling a tree. A new fungus 
differs from all other Fusticeps species in having numerous branched conidiophores. The 
morphological characteristic of this new taxon is compared with the four previously accepted 
species of the genus. 
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Genetic diversity of the genus Cladosporium in Asian countries 
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Cladosporium is a common ascomycetous mitosporic genus, isolated frequently from soil, 
litter, and plant leaves. During our research projects of Asian microbial diversity in 2004-
2013, in collaboration with national institutes and universities in Indonesia, Mongolia, 
Myanmar, and Vietnam, we have established 351 strains of the genus Cladosporium sensu 
stricto from four countries and Japan. Molecular phylogeny of our strains based on 28S 
rRNA D1/D2 domains revealed three well-supported clades each corresponded to the species 
complexes of C. cladosporioides, C. herbarum, and C. sphaerospermum, and one lineage 
containing the single strain probably C. langeronii. Interestingly, 259 of our 351 strains were 
placed into two large sub-clades within the clade of C. cladosporioides complex, and they 
probably correspond to two common species. The C. herbarum complex (23 strains) 
contained 22 strains isolated from Mongolia and one strain from Japan in winter. The C. 
sphaerospermum complex (43 strains) contained 28 strains from Indonesia, Myanmar, and 
Vietnam, one strain from Mongolia, and 14 strains from Japan. Most Japanese strains in C. 
sphaerospermum complex were isolated in summer season or from southern part of Japan. 
On the other hand, tendency of season and country preference was not observed in the C. 
cladosporioides complex. Although more detailed examination is needed, our result may 
indicate relationship of climate with species distribution in this genus. 


  
Keywords: Molecular phylogeny, 28S rRNA gene, climate, species distribution, mitosporic 
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Sooty moulds are fungal plant pathogens that grow on sugary exudates secreted by sap 
feeding insects and cover the surface of leaves and fruits which interfere with the 
photosynthetic capability and effect the quality and quantity of products. Sooty moulds were 
previously identified based on morphology. Molecular sequence data has resolved the sooty 
moulds into three classes of fungi and resulted in the discovery of many novel taxa. Sooty 
moulds are most common in tropical and subtropical regions and we have found abundant 
sooty moulds on fruit crops, forests and ornamental plants in Thailand. They are however, 
poorly taxonomically known because their mycelium is often mixed together and they 
are difficult to isolate. The fungi can also withstand harsh conditions and may be 
xerophilic. In this study we collected numerous sooty moulds from various plants 
including the family Capnodiaceae, Chaetothyriaceae and Trichomeriaceae, and 30 culture 
collections were deposited in MFLUCC. They were also duplicated in MEA screw-tubes for 
molecular work. We also grew the fungi in culture in xeric conditions to establish if these 
fungi are xerophilic. By illustrating the sooty moulds we hope to establish a truly natural 
classification and present our results in this poster.  
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The diversity of epiphytic yeasts was investigated from 109 corn leaves which were collected 
from 11 provinces in Thailand. Two hundred and eighty four isolates of epiphytic yeasts, 
isolated using a culture-dependent method, were identified based on comparative sequence 
analysis of the D1/D2 domain of the LSU rRNA gene. Among them, 151 isolates were 
identified as known species belonging to 43 species of 15 genera including Bullera (19 
isolates), Candida (10 isolates), Cryptococcus (31 isolates), Dioszegia (2 isolates), 
Hanseniaspora (2 isolates), Jaminaea (1 isolate), Kodamaea (3 isolates), Meyerozyma (5 
isolates), Occultifur (2 isolates), Pseudozyma (21 isolates), Rhodosporidium (15 isolates), 
Rhodotorula (3 isolates), Sporidiobolus (23 isolates), Sporobolomyces (13 isolates) and 
Wickerhamomyces (1 isolate). The dominant species was Sporidiobolus pararoseus (17 
isolates). Eighteen isolates were identified as undescribed species of Cryptococcus (9 
isolates), Pseudozyma (2 isolates) and Rhodotorula (7 isolates). In this study, 21 isolates were 
identified as novel yeast species belonging to six genera including Bullera (4 isolates), 
Cryptococcus (8 isolates), Occultifur (1 isolate), Rhodosporidium (1 isolate), Rhodotorula (4 
isolates) and Sporidiobolus (3 isolates). These yeasts were studied by polyphasic taxonomy 
for describe and propose as novel yeast species. The remaining 40 isolates have not yet been 
identified. Furthermore, 54 isolates initially identified as yeast by cells and colony 
morphological characterization, were further characterised by sequence analysis of the D1/D2 
domain of the LSU rRNA gene and were in fact indentified as fungi belonging to seven 
genera including Acremonium, Aureobasidium, Kabatiella, Moesziomyces, Sarocladium, 
Sporisorium and Ustilago.  
  
Keywords: Diversity, epiphytic yeasts, corn leaves 


  
*Presenter : Somjit  Am-In 
Email : somjit@biotec.or.th 


  804







P 6.3.8 
 
Scientific Theme : 6 Diversity and Conservation 
Session : 6.3 Fungal Treasure Hunting in the Tropics : Microfungi 
 
Account ID IMC1269  
Abstract ID ABS1068 
 


The first finding and phylogenetic study of endophytic Cercospora sp. on Cinchona 
calisaya 


Nani   Radiastuti1*, Gayuh   Rahayu2, Izumi   Okane3, Iman   Hidayat4 
 
1Biology, Islamic State University, Indonesia 
2Department of Biology, Bogor Agricultural University, Darmaga Bogor, Indonesia., Indonesia 
3Faculty of Life and Environmental Sciences, University of Tsukuba, Tennodai, Tsukuba, Ibaraki, Japan., Japan 
4Microbiology Division, Indonesian Institute of Sciences (LIPI), Indonesia, Indonesia 


  
Cercospora has been recognized as a common fungal pathogen causing leaf spot on various 
plants. From about 3000 names recognized within Cercospora, only C. kikuchii has been 
reported as endophyte and plant pathogen. On Cinchona, two species of cercoporoid fungi� 
Pseudocercospora cinchona and P. cinchonicola�have been reported. However, both of 
them are not endophytes. During the study of fungal endophytes from C. calisaya in 
Indonesia, we found two unsporulated fungal isolates resembles the colony characteristics of 
Cercospora. Our phylogenetic analysis based on combination of the internal transcribed 
spacer (ITS), part of the elongation factor (EF)1�α, actin (ACT), calmodulin (CAL) and 
histon (HIS) sequences showed that the both isolates form an independent clade within the 
large clade containing of C. kikuchii, C. cf. richardiicola, C. cf. sigesbeckiae, and C. cf. 
malloti. This indicates that the isolates belonging to a new taxon. Sporulation induction assay 
is necessary to determine the morphological characters of these isolates. 
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Stachybotrys spp. and Zygosporium spp. on Pandanus sp. from Buitenzorg, Indonesia 
Nilam   Wulandari1* 


 
1Microbiology division, Research Center for Biology, Cibinong Science Center, LIPI (Indonesian Institute of 
Sciences), Indonesia 


  
Pandanus species is one of the richest plants for microfungi. Survey were done for saprobic 
fungi occurs on Pandanus species at Bogor Botanical Garden. The aims of the research are 
four folding. First, to study hypomycetes occurs in Pandanus species. Second, to describe 
and identify fungi found on Pandanus species. Third, to make preliminary list on fungi 
occurs on Pandanus species and the status wether the fungi are novel species or new records 
for Indonesia. Morphological characters by using microscopes were used to identify the 
fungi. Descriptions and line drawing are provided in this study. In total five and three species 
of Zygosporium and Stachybotrys spp. were found respectively. All eight fungi were new 
records for Indonesia. Other works and survey of microfungi, especially hypomycetes and or 
other on Pandanus species are needed.  
  
Keywords: Hypomycetes, microfungi, morphology characters, monocots, new records 
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A study on leaf spot inhabiting microfungi in Cibinong and Cibodas, Indonesia 
Nilam   Wulandari1* 


 
1Microbiology division, Research Center for Biology, LIPI (Indonesian Institute of Sciences), Indonesia 


  
An investigation of leaf spotting associated disease and epiphytic fungi (fungi grow on the 
surface of the leaf) were done in Cibinong and Cibodas, Indonesia. This study aims to 
explore and survey several microfungi that may occur on leaf, to describe and identify 
microfungi and to add the list of microfungi that occurs in Indonesia. Morphological study by 
using microscopes was conducted to identify and describe the fungi. Of 40 leaf samples, there 
were, ascomycetes (Capnodium spp.), coelomycetes (Colletotrichum sp., Pestalotiopsis, 
Phoma sp., Phyllosticta sp.), hypomycetes (Bipolaris sp., Cercospora sp., Corynespora sp.,  
Curvularia sp., Sporides-mium sp.), and several other unidentified fungi. Single spore 
isolation and direct isolation were performed to isolate the fungi and grow them in Malt 
Extract Agar and or Potato Dextrose Agar. Several sooty moulds are slow growing fungi 
whereas other fungi found are fast growing. The diameter of colony reaches 0.5 cm per week 
for sooty moulds and approximately 1.5-7 cm per week for other fungi. Sooty moulds at 
Cibinong were uniform whereas Cibodas were varied. The most common family was those 
Capnodiaceae (Capnodium sp.). Currently, isolations were made to obtain more cultures for 
future molecular work.  
  
Keywords: Ascomycetes, coelomycetes, hypomycetes, morphology characteristics, sooty 
moulds 
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The development and management of BIOTEC Bangkok Herbarium 
Tuksaporn   Thummarukcharoen1*, Umpava   Pinruan2, Thitiya   Boonpratuang2 


 
1BIOTEC Microbe Interaction , BIOTEC/NSTDA, Thailand 
2BIOTEC Microbe Interaction, NSTDA, Thailand 


  
BIOTEC Bangkok Herbarium or BBH was established in 1999 and registered with The New 
York Botanical Garden (NYBG) for the index herbariorum in 2003, which aims to collect 
fungal herbarium and provide involved services such as deposit, exchange and loan. 
International standardization for long term preservation methods, database management and 
management systems are applied to work processes and service systems at BBH. 
Management system in BBH has been certified by International Standard Organization 
(ISO9001:2008) to guarantee the quality of each specimen and the best service providing for 
customers who are both local and international mycologists. Newly developed, three 
dimensional barcode system or QR code is applied for management system to improve work 
process for a short period of time. The fungal herbarium collection showed more than 38,500 
specimens are deposited into the BBH’s system. Altogether of 6 phyla, 23 classes, 207 
families, 390 genera and 110 species are classified. The highest percentage of 52%  is insect 
pathogenic fungi, while 23%  is mushroom, 8%  is xylariaceous fungi, 6%  is lichen , 3% is 
marine fungi, and 9% is other group of fungi such as plant pathogenic fungi, etc., are in the 
BBH’s collection. A total of 2,404 specimens were requested for scientific study after loan 
service begun in 2005.  
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Combining genetic analyses of archived specimens with distribution modelling to 
explain the anomalous distribution of the rare lichen Staurolemma omphalarioides: 


long-distance dispersal or vicariance? 
Mika   Bendiksby1* 


 
1University Museum, Norwegian University of Science and Technology, Norway 


  
The rare lichen species Staurolemma omphalarioides is known mainly from the lowlands and 
coastal areas of the Mediterranean region but has also been found in coastal parts of central 
Norway. Despite extensive search efforts by experts for more than half a century, the species 
has been found nowhere in the gap. Our aim is to identify the most plausible explanation for 
this anomalous distribution by combining genetic analysis of archived specimens with 
distribution modelling. We used multi-locus DNA sequencing of archived specimens and 
phylogenetic and network analyses to reveal potential genetic lineages within S. 
omphalarioides. We used georeferenced specimens and bioclimatic variables to model the 
distributions of the species and two genetic lineages, and to find the main environmental 
correlates of the distributions. Our phylogeographical results show that S. 
omphalarioides contains genetic variation that correlates with geographical distance, 
although with a few shared haplotypes across disjunct ranges. Distributions of the species as 
well as the two genetic lineages are non-random. Distribution models predict occurrences of 
the species as well as one of its genetic lineages outside the current range of the species. Our 
results indicate that neither the species, nor one of its component genetic lineages, have 
reached their potential distributions. Shared haplotypes across disjunct distributions, and 
absence from regions with suitable refugial habitats along the Atlantic coast of Western 
Europe, support longdistance dispersal, rather than vicariance, as the primary cause for the 
current distribution of the species. 
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Molecular and morphological characterisation of the critically endangered 
basidiomycete Pleurotus nebrodensis in Greece 


Vassili   Kouvelis1, Maria   Ntertilis1*, Zacharoula   Gonou-Zagou2 
 
1Dept. of Genetics & Biotechnology, National and Kapodistrian University of Athens, Faculty of Biology, 
Greece 
2Dept. of Ecology & Systematics, National and Kapodistrian University of Athens, Faculty of Biology, Greece 


  
Pleurotus nebrodensis is a distinct species of the family Pleurotaceae (Basidiomycota) 
formerly belonging to the Pleurotus eryngi species-complex. P. nebrodensis was recently 
found in Greece, in open areas and pastures at high altitudes, growing during spring time, in 
close relationship with Cachrys ferulacea. Before this finding, the species was referred in 
Europe only from mountain Madonie in Sicily and was further constricted to very few 
localities in Asia (Iran, China). It is highly appreciated as a culinary mushroom. P. 
nebrodensis is included in the IUCN Red List of Endangered Species as Critically 
Endangered since 2006. For the first time, with this work, the population status of the species 
and its fluctuation in three localities in Greece is available. The aim of our survey is not only 
to assess the extent of occurrence area and the wild population size of P. nebrodensis in their 
habitats in Greece, but also to propose measures for the protection and conservation of the 
species. Moreover, thorough examination of the macro- and micro- scopical characters of the 
basidiomata and its pure culture isolates, as well as molecular analysis based on sequences of 
nuclear or mitochondrial genes of strains of Pleurotus nebrodensis and its close species 
relatives were included for determining intra- and inter- species variability. In this way, the 
sequences based on the most suitable genes, like the ITS region and/or the mitochondrial rns 
gene, will be used as molecular markers for monitoring the native populations of P. 
nebrodensis in Greece. 
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Five species of Botryosphaeriaceae identified from Eucalyptus grown in the urban 
habitats of Pretoria, South Africa 


Draginja   Pavlic-Zupanc1*, Happy M.   Maleme2, Brenda D.   Wingfield3, Michael J.   Wingfield2, 
Bernard   Slippers3 
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Faculty of Natural and Agricultural Sciences, University of Pretoria, Pretoria, 0002, South Africa 
3Department of Genetics, Forestry and Agricultural Biotechnology Institute (FABI), Faculty of Natural and 
Agricultural Sciences, University of Pretoria, Pretoria, 0002, South Africa 


  
The Botryosphaeriaceae are opportunistic pathogens of numerous woody plants, 
including Eucalyptus in variety of habitats. These fungi cause canker and die-back diseases 
on non-native Eucalyptus trees in South African plantations. These disease symptoms were 
observed on Eucalyptus trees grown in a Pretoria arboretum that includes 
20 Eucalyptus species. Botryosphaeriaceae were isolated from diseased and asymptomatic 
twigs and leaves. They were subsequently identified based on DNA sequence data for the ITS 
rDNA, translation elongation factor 1-α (EF-1α) and β-tubulin region and tested for 
pathogenicity. Five species were identified, including N. parvum, N. eucalypti, B. 
dothidea and the more recently described Neofusicoccum ursorum and N. cryptoaustrale. 
Most of these species were collected from the leaves of 17 different Eucalyptus spp., which 
did not include E. coniocalyx, E. uiminalis and E. obliguao. Neofusicoccum parvum was most 
commonly isolated and no host specificity was evident for the species of Botryosphaeriaceae. 
All species identified in this study were found to be pathogenic on Eucalyptus and induced 
lesions significantly larger than the controls. These findings on the diversity and distribution 
of Botryosphaeriaceae occurring on Eucalyptus trees, specifically in urban environments, add 
valuable information for the understanding of factors affecting the host association and 
spread of these fungi.  
  
Keywords: Die-back, endophytes, fungal diversity, pathogenicity, urban habitats 
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Diversity of the genus Mycena in Kerala State, India 
Dollymol   Aravindakshan1*, Patinjareveettil   Manimohan1 


 
1Department of Botany, University of Calicut, India 


  
An overview of the diversity of the agaric genus Mycena (Mycenaceae, Agaricales, 
Basidiomycota) in Kerala State, India is presented here. Our studies revealed a total of fifty 
species belonging to the following fifteen sections: Sacchariferae (ten species), Fragilipedes 
(seven species), Hiemales (six species), Basipedes, Longisetae (five species each), Adonideae 
(three species), Exornatae, Galactopoda, Polyadelphia, Rubromarginatae, Spinosae (two 
species each) Calodontes, Hygrocyboideae, Radiatae and Supinae (one species each). In most 
cases, there was no difficulty in incorporating the Kerala species into the infrageneric 
taxonomy developed by Maas Geesteranus. A few species, however, could not be included in 
the current classification without either amending existing sections or proposing new 
sections. Remarkably, forty-four out of the fifty species (around 90%) discovered during this 
study were found to be new to science. In addition, many of these mycenas showed high 
habitat specificity. These observations together indicate that this region has a unique Mycena 
mycota with several endemic species. 
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Community composition and richness patterns of wood-inhabiting fungi detected in 
pyrosequenced metagenomes from decaying European beech and Norway spruce logs 
Dirk   Krüger1*, Witoon   Purahong1, Tiemo   Kahl2, Jürgen   Bauhus2, François   Buscot1, Tesfaye   Wubet1, 


Björn   Hoppe1 
 
1Soil Ecology, UFZ Halle, Germany 
2Faculty of Environment and Natural Resources, University of Freiburg, Germany 


  
Coarse woody debris (CWD) plays crucial roles for biodiversity and nutrient cycling. The 
presence of lignin makes this ubiquitous nutrient source highly resistant to biochemical 
attack. Wood-inhabiting fungi are capable of degrading complex substances such as 
cellulose, hemi-cellulose, and lignin, releasing nutrients from CWD to the forest soil and 
making them available to other organisms. Despite the importance of wood-inhabiting fungi 
for CWD decomposition processes, our knowledge related to their community composition 
and richness is still limited as it comes primarily from observation of sporocarps. We 
investigated the wood-inhabiting fungal richness patterns and community composition at 
different decay stages in the German Biodiversity Exploratories with molecular tools in 
model CWD of two silviculturally important tree species: (i) broadleaved Fagus sylvatica and 
(ii) conifer Picea abies. We applied multivariate statistics to identify which biotic and abiotic 
parameters control the CWD-inhabiting fungal community. We found that wood-inhabiting 
fungal richness was lowest in least-decayed CWD (decay class 1) and tends to increase with 
the decay class for both model tree species. Fungal community compositions in both CWD 
species were significantly affected by decay class (P < 0.01). We found that wood 
physicochemical properties such as density, water content, C, N, C/N ratio and Ca as well as 
forest management regimes significantly impacted wood-inhabiting fungal community 
composition (P < 0.05). Interesting fungal taxa revealed by pyrosequencing will be discussed 
regarding their occurrence and functional role in wood-decomposition. 
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Diversity of the genus Marasmius in Kerala State, India 
V. Adnaan   Farook1*, Patinjareveettil   Manimohan1 


 
1Department of Botany, University of Calicut, India 


  
As saprotrophs, Marasmius (Marasmiaceae, Agaricales, Basidiomycota) species form an 
integral part of tropical forests, growing on leaf litter, twigs and dead wood. They have a 
significant role in biodegradation of lignocellulosic material in forest ecosystems. The 
diversity and distribution of Marasmius species are poorly documented in India. Here we 
provide a preliminary account of the diversity of this genus in Kerala State, situated in the 
south-west corner of Indian Peninsula. Here we treat thirty one species of Marasmius sensu 
stricto of which about one third represent species new to science. Thirty of these species 
belong to the following six sections: Sicci (twelve species), Marasmius (eight 
species), Globulares (six species), Neosessiles (two species), Hygrometrici, Leveilleani (one 
species each). Owing to its unique features, placement of one species is uncertain.  
  
Keywords: Agarics, biodiversity  new species, taxonomy, tropical forests 
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Taxonomy of hyphomycetes from China 
Xiu-Guo   Zhang1*, Ji-Wen   Xia1, Ying-Rui   Ma1 


 
1Department of Plant Pathology, Shandong Agricultural University, Department of Plant Pathology, Shandong 
Agricultural University, China 


  
Through collecting specimens of dead branches from the forests of different habitats and 
vegetation types in tropical and subtropical regions in China (including Sichuan, Guizhou, 
Hunan, Hainan, Yunnan, Guangdong, Guangxi and Fujian provinces), we obtained more than 
5000 specimens. Based on the traditional taxonomy, with the aid of microscopy and 
photography, combining the characteristics of morphology, ecology and biology, we carried 
out the taxonomic studies on more than 70 genera of dematiaceous hyphomycetes. Among 
them, 3 new genera (Cladosporiopsis，Parablastocatena and Sativunoides) were established, 
169 taxa were proposed to be new species, 1 taxon was proposed as a  new combination, 84 
species were newly recorded to China. All the specimens are deposited in Herbarium of 
Shandong Agricultural University, Plant Pathology (HSAUP) and Mycological 
Herbarium, Institute of Microbiology, Chinese Academy of Sciences (HMAS). 
  
Keywords: China, hyphomycetes, taxonomy 
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Biodiversity of freshwater mitosporic fungi of India 
Balasaheb   Borse1* 


 
1Botany, College, India 


  
The present paper deals with distribution and substratum range of 387 species of freshwater 
and freshwater-borne higher fungi (369 Hyphomycetes and 18 Coelomycetes) reported so far 
from freshwater habitats of India. They were encountered as saprobic on naturally submerged 
wood and submerged wood test blocks (204 sp.), on submerged leaves (178 sp.),  on 
submerged conifer needles (26 sp.), and as submerged root endophytes (19 sp.) in freshwater 
habitats. Propagules of some of these fungi were recorded in foam samples (141 sp.), water 
samples (63 sp.) and stemflow and throughflow of tree canopies during rainy season (42 sp.). 
A check list of freshwater mitosporic  fungi recorded from India is compiled on the basis of 
present studies in Satpura ranges and Western Ghats in Maharashtra and Gujarat states 
of India and published literature. Fungi species (204 sp.) reported on naturally submerged 
woody debris and wood test blocks submerged in freshwater habitats forms the largest group 
after submerged leaves (178 sp.). Maximum number of fungal species were encountered in 
Karnataka (188 sp.), and followed by Goa (102 sp.), Tamil Nadu (98 sp.), Maharashtra (97 
sp.), Uttarakhand (75 sp.), Madhya Pradesh (58 sp.), Andhra Pradesh (57 sp.), Kerala (26 
sp.), and Gujarat (5 sp.). Aquaphila albicans Goh, K.D. Hyde & W.H. Ho, Canalisporium 
pallidum Goh, W.H. Ho & K.D. Hyde, Camposporidium cristatum Nawawi & 
Kuthubu., Ellisembia repentioriunda Goh & K.D. Hyde, Monodictys trichocladiopsis Goh & 
K.D. Hyde, Triadelphia inquinans (Sacc.) Hughes & Pironzynski, Triadelphia diversa Tzean 
& Chen are being reported for the first time from India. This data will be useful in the 
compilation of freshwater biodiversity of India. These fungi will be illustrated and discussed 
in the talk.  
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Molecular biology and ultrastructure of basidiospores of Ganoderma species at urban 
areas in Brazil and Colombia 


Vera Lúcia BononiI1*, Ana Cristina   Bolaños2, Jaime Eduardo   Munoz3, Adriana de Mello   Gugliotta4, Vera 
Maria   Vitali4 
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3Palmira, Universidad Nacional de Colombia, Colombia 
4Micologia, Instituto de Botânica, Brazil 


  
Leguminosae are intensively used in distributing vegetation in urban areas in South America. 
Those trees are very susceptible to attacks by Ganoderma species bringing serious 
consequences to traffic, falls of electric wiring and risks to the human health. Out of the 
approximately 80 Ganoderma species in the world, about 20 can be found in the neotropical 
regions. The species are very similar, making it difficult to clearly delimitating them. Based 
on collections made in the cities of São Paulo and Uberlandia in Brazil, and in Cali, 
Colombia, in 2012/2013, mainly on Caesalpinia ferrea, C. peltophoroides, Inga vera, 
Leucaena leucocephala and Tipuana tipu,  48 Gonoderma specimens were isolated in MEA. 
Than they were submitted to DNA extraction, amplification and sequencing of the ITS 
region. Those analyses enabled delimitating five Gonoderma species (G. australe, G. 
gibbosum, G.applanatumwith non-laccate basidiomes and G. weberianum and G. 
multipileatum with laccate basidiomes). It is the first time G. multipileatum has been 
mentioned for Brazil and Colombia. Observation of ultrastructures, on its turn, showed three 
different patterns of ornamentation on the basidiospores’ wall:  grooves, pores and waves. 
The SSU and LSU regions will be sequenced to identify the species better. The lack of 
species sequencing of the gender from neotropical regions at Genbank makes it difficult to 
understand the group.  Thus, this study will contribute to fill up the gap.  
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Diversity of wood decaying fungi from sacred groves in Meghalaya, India 
John   Zothanzama1*, Mumtaj   Dkhar2, Highland   Kayang2 


 
1Environmental Science, Mizoram University, India 
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Sacred groves of India are forest fragments of varying sizes, which are communally 
protected, and usually have a significant religious connotation for protecting the community. 
The sacred groves in the state of Meghalaya are protected by religious sects who do not 
permit hunting, logging and strictly prohibited any plant material to be taken out from these 
sites. Such forests are naturally rich in tree diversity with abundance of woody substrata for 
growth and proliferation of the wood decaying fungi. The study was undertaken wherein the 
diversity of wood decaying fungi was assessed between two contrasting sites which were a 
disturbed and an undisturbed sacred grove. The observation from  visits over a period of 3 
years reveal that there was a limit in the number of species obtained in the disturbed sacred 
grove whereas the number of new species continued to grow successively over the years in 
the undisturbed sacred grove.  The disturbed sacred grove reveal the presence of a total of  19 
species  whereas the undisturbed sacred grove reveal a total of 36 species of the wood 
decaying fungi during the visits with indication of more species to be identified and 
discovered with continual study.  
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Fungi in Arctic driftwood from Iceland, Greenland and Siberia 
Robert   Blanchette1*, Benjamin   Held1, Lena   Hellmann2, Ulf   Büntgen2, Lawrence   Millman3 


 
1Department of Plant Pathology, University of Minnesota, United States 
2Dendroecology, Swiss Federal Research Institute, Switzerland 
3Mycology, PO Box 381582 Cambridge MA, United States 


  
Driftwood deposits in the Arctic provide an archive of wood of various ages that can be used 
for dendrochronology studies as well as fungal community investigations to better understand 
terrestrial ecosystems. Driftwood enters the Arctic Ocean via large boreal river systems, is 
transported within the sea ice by the currents and finally deposited at coastlines. The majority 
of driftwood studied from Iceland and Greenland originated from central Siberia. Fungi in 
driftwood could be introduced from Siberia or may represent indigenous fungi of Iceland and 
Greenland that colonized the exotic woody substrates after arrival. We sequenced cultures 
from driftwood from several sites in Iceland and Greenland as well as from the delta of the 
Lena River in Siberia to study the diversity of fungi. In samples from Siberia, a number of 
different Ascomycota were identified including blue stain fungi. Although driftwood in 
Iceland and Greenland had visible blue stain, no cultures of blue stain fungi were obtained. 
Dominant Ascomycota included species of Cadophora, Phialocephala and Lecythophora. 
Basidiomycota included Antrodia, Flammula, Hypochniciellum and Jaapia. Taxa from 
Siberia had greater diversity in Basidiomycota. Results suggest that some Arctic driftwood 
fungi found in Iceland and Greenland likely originated in Siberia but many of the commonly 
found Ascomycota, such as the diverse species of Cadophora, are indigenous Arctic fungi 
that colonized the driftwood after arrival. 


  
Keywords: Basidiomycota, Ascomycota, extremophile, wood decay, biodiversity 


  
*Presenter : Robert  Blanchette 
Email : robertb@umn.edu 
 
  
 


  819







P 6.5.10 
 
Scientific Theme : 6  Diversity and Conservation 
Session : 6.5 Diversity and ecology of wood-associated fungi: from boreal to tropical 
forests 
 
Account ID IMC0641  
Abstract ID ABS0350 
 


Diversity of wood inhabiting fungi in the eastern part of Meghalaya, India 
John   Zothanzama1*, Aroma   Lyngdoh2, MS   Dkhar3 


 
1Environmental Science, Mizoram University, India 
2Botany, Shillong College, India 
3Microbial Ecology Laboratory, NEHU, India 


  
The study was undertaken to evaluate the diversity and distribution of the wood inhabiting 
fungi in the eastern part of Meghalaya. The forest type in this region is mainly sub-tropical 
evergreen forest, sub-tropical semi-evergreen forest and sub-tropical pine forest. The climate 
is monsoonal with and altitude ranging between 300 to 1945 msl. Average maximum and 
minimum temperatures and annual rainfall in the state varies from 5oC to 32oC, and 4,000 
mm to 11,436 mm, respectively.  The report is from a collection and field work undertaken 
during a period of ten years from 2003 -2013 in the region. The identification was done 
through micro-morphological characteristics of the fungal specimens collected. A total of 99 
species could be identified with many specimens still remaining to be identified. The genera 
identified were represented by 10 species of the Ascomycetes contained under 4 families 
and   89 species of the Basidiomycetes contained under 24 families. Among these, the family 
Polyporaceae have the maximum representation with 36 species. Notable records for the 
region include- Heterobasidion perplexa, Microporus quarrei, M. xanthopus, Schizophyllum 
commune, Fistulina hepatica, Laetiporus sulphureus, Pleurotus ostreatus and Fomitopsis 
pinicola. 
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Re-evaluation of Lecanora chlarotera and Caloplaca holocarpa collected from Turkey by 


vital taxonomy 
Suna   Yurtseven1*, Tulin   Askun2 


 
1Biology , Balıkesir universty, Turkey 
2Biology , Balıkesir university , Turkey 
  
Lecanora chlarotera is a lichenized fungus which belongs to the Ascomycota phylum. 
Lecanora is characterised by asci of the Lecanora-type with a crustose thalli; the apothecial 
margin usually contains algal cells. Caloplaca holocarpa belongs the family Teloschistaceae. 
It is characterized by yellow, orange or red apothecia and the spores are ellipsoid and 
polarilocular with the two loculi separated by a thick septum but connected by a narrow 
central canal. The specimen of Lecanora chlarotera was collected on Pinus nigra’s decaying 
branches from Kepsut, Balıkesir in 2013. Caloplaca holocarpa were collected from Balıkesir 
Kazdağı National Park in 2013. Microscopic preparations were made in water, 10% KOH, 
Lugol’s and Meltzer’s solutions (with and without pre-treatment with 10% KOH). The living 
asci and ascospores were observed directly from the tap water mount of fresh collections. The 
size of livining state asci, ascospores, spore bodies and size were measured. An Olympus 
BX50 microscope and an Olympus zoom stereo microscope were used. In this study asci and 
ascospores were described according the vital taxonomy  
  
Keywords: Lecanora chlarotera, Caloplaca holocarpa, lichenized fungi, Ascomycetes, vital 
taxonomy 
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Gelatinomyces siamensis (Leotiales), and the introduction of Gelatinomycetaceae fam. 
nov. 


Wuttiwat   Jitjak1*, Niwat   Sanoamuang1 
 
1Plant Science and Agricultural Resources, Khon Kaen University, Thailand 


  
An ascomycete fungus seen as a ping-pong ball-sized and golf ball-like gelatinous 
ascostroma on bamboo trees was collected from Nam Nao National Park, Phetchabun, 
Thailand for investigation. The morphology of this fungus is unusual i.e. asci have numerous 
ascospores, are thick-walled, and arise on convex, discoid apothecia which are aggregated 
and clustered to form the spherical gelatinous structures with red pigments inside. The 
phylogenetic analysis using five genes, LSU, SSU, ITS, RPB1 and RPB2 suggested that it 
was in Leotiomycetes and Leotiales but it was distinctively different from others in Leotiales. 
Therefore, Gelatinomycetaceae fam. nov. is introduced for the recently described 
fungus, Gelatinomyces siamensis. 
  
Keywords: Ascomycota, bamboo fungus, gelatinous ball, Leotiomycetes, red- pigment 
fungus 
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On the scientific name of Ling-zhi, the widely cultivated Ganoderma in China 
Yi-Jian   Yao1* 


 


1State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences , China 
  


Ling-zhi, the widely cultivated Ganoderma in China, was previously named as G. lucidum (a 
species originally described from London, England). It is a well-known medicinal fungus 
appreciated in China and the orient for thousands of years and is now producing significant 
economical values annually. The identity of Ling-zhi (the Chinese ‘G. lucidum’) was re-
determined as G. sichuanense, a species originally described from Sichuan Province, China 
in both 2009 and 2012 based on morphological observations of collections including the 
holotype of G. sichuanense and molecular data from recent collections from the type locality 
and cultivated specimens of Ling-zhi (Attempts to amplify DNA fragments from the holotype 
of G. sichuanense were not successful.), whilst a new species name, G. lingzhi, was proposed 
in 2012 for this fungus because an ITS sequence amplified from the holotype of G. 
sichunense represented another species of the genus, G. weberianum. To correctly interpret 
the species concept of G. sichunense, both morphologically and molecularly, an epitype for 
the name was designated in 2013 from new field collections with living strains from the type 
locality. Thus, the application of the name G. sichuanense is fixed by epitypification. G. 
sichuanense has the priority over G. lingzhi and should be applied to Ling-zhi, the widely 
cultivated Ganoderma in China, while G. lingzhi is a later synonym of G. sichuanense. The 
nomenclature history of both G. lucidum and G. sichuanense will be reviewed in this paper. 
The morphological and molecular differences between G. sichuanenseand G. 
weberianum will also be discussed. 
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Anthropogenic edges temporally influence the distribution and diversity of fungi in 
fragmented old-growth forests 


Alejandro   Ruete1, Tord   Snäll1, Mari   Jönsson1* 
 
1The Swedish Species Information Centre, The Swedish University of Agricultural Sciences, Sweden 


  
Forests are becoming increasingly affected by habitat loss and fragmentation, with potentially 
detrimental edge-influences on many sessile forest species. However, species show a mixture 
of responses to edges depending on edge-to-interior gradients of resources and microclimatic 
conditions. Most of edge-effects studies focus on occurrence patterns at one point in time, 
and do not link species’ responses to the dynamics of their substrate. We studied spatio-
temporal edge-related dynamics driving fungal occupancy and richness patterns on deadwood 
in boreal old-growth forests. We focused on 11 old-growth forest indicator and two common 
species of fungi confined to Norway spruce Picea abies logs. Our results illustrate a 
multifaceted set of responses related to edge proximity in forest fragments. The creation of 
edges directly modified the natural availability of dead wood. Fungal indicator species and 
common species displayed dynamic and contrasting responses to those changes in substrate 
availability. Indicator species occupancy was generally lower in proximity to recent clear-cut 
edges than in natural edges, although this effect vanished over time. In contrast, the common 
pathogenic fungus Fomitopsis pinicola displayed higher occupancy in closer proximity to 
clear-cut edges and this effect did not vanish over time.  
  
Keywords: Edge-effects, boreal forests, wood-associated fungi, indicator species, species 
richness 
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Biology of selected local isolate Ganoderma sp. 


Nuniek Ina   Ratnaningtyas1* 
 
1Faculty of Biology, Jenderal Soedirman University, Indonesia 


  
Ganoderma sp. is a soil-borne fungus could either as a plant parasite or saprophyte. Those 
parasitic and saprophytic characters are interesting because they have contradictory roles, i.e., 
harmful and beneficial.  As a plant parasite, the fungus causes root and stem rot of tropical 
perennial crop either at plantation or forest leads to economic loss. As a saprophyte, the 
fungus has long been used as medicinal materials for human health. The study on the biology, 
particularly life cycle of the fungus, will lead to the elucidation of those characters and 
ultimately may be used as base for control and utilization of the fungus.  The research used 
a Ganoderma isolate (designated as GD2), a specimen of collection of the Laboratory of 
Forest Protection and Health, Universitas Gadjah Mada,Yogyakarta. Ganoderma 
lucidum (designated as GL) was used as control. The fungus that form as mycelium was 
cultured on five media, i.e. PDA, MEA, GMC, Taber and SGDA and incubated at 22°C and 
29°C with continuous and intermitten (12 hours dark and 12 hours light) lighting at 50, 100, 
and 150 lux, respectively.  The fungus that form as mycelium was also cultured at natural 
media of albizia (Paraserianthes falcataria) saw dust, incubated on rack in the mushroom 
house. The life cycle of the fungus was studied in three steps i.e. the development of 
secondary mycelia up to form young basidiocarp (pin-head), the development of young 
basidiocarp to become mature basidiocarp involving  basidia and basidiospore formation, and 
the germination of basidiospore to form primary and secondary mycelia. Results of the 
research showed that life cycle of GD2 isolate as well as GL followed a general pattern of 
Basidiomycetes life cycle. It started from basidiospore germination to form primary 
mycelia.  The primary mycelia then produced secondary mycelia through anastomosis 
process. Tertiary mycelia are formed by aggregation of secondary mycelia and subsequently 
produce basidiocarp initial.  Trimitic hypha system in young basidiocarp caused  in a 
continous development of the basidiocarp. Basidia were produced on the tube inside 
pore.  The basidia produced basidiospores were then released on abaxial surface of the 
fruiting body.  The basidia were also produced on all surfaces of fruiting body to form 
basidiospores which were deposited on the surface of the body. 
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Microflora analysis on the galley excavated at Yenikapi 
Tomoko   Wada1*, Coşkun   Köse2, Kiyohiko   Igarashi3 


 
1Center for Conservation and Restoration Techniques, National Research Institute for Cultural Properties, 
Tokyo, Japan 
2Faculty of Forestry, Istanbul University, Turkey 
3Graduate School of Agricultural and Life Sciences, The University of Tokyo, Japan 


  
 An excavation of the shipwrecks of the Middle Byzantine period in Yenikapi, Istanbul 
between 2004 and 2012 has become the largest investigations because of the size and the 
number of the shipwrecks and its associated artifacts. According to the Köse and 
Taylor’s study, all samples were heavily degraded by microorganisms, such as soft-rot fungi 
and erosional bacteria, by electron microscopic observation. In this study, therefore, genetical 
approaches using rDNA sequences were conducted to identify fungal species existed in the 
samples. As a result, six ascomycete strains were detected. One of them was Penicillium 
paneum, which is known as a typical soft-rot fungus of wood. We are identifying erosional 
bacteria and other fungal strains to clarify the mechanism of degradation for remediation and 
restoration of the shipwrecks.  
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The distribution of poroid fungi in endemism centres in the Brazilian Amazonia 
Tatiana   Gibertoni1*, Priscila   Medeiros2, Adriene   Soares2, Allyne   Gomes-Silva3, Paulo   Santos4, 


Helen   Sotão2, Leandro   Ferreira2, Elena   Savino5 
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4Departamento de Zoologia, Universidade Federal de Pernambuco, Brazil 
5Dipartimento di Scienze della Terra e degli Ambienti, Università degli Studi di Pavia, Italy 


  
The Amazonia is covered by the largest, best-preserved pluvial tropical forest in the world, 
almost 50% of which in Brazil. The Amazonian region has the highest biodiversity of the 
planet and, at least for animal and plant communities, it is composed by a mosaic of eight 
distinct areas of endemism. However, little is known about fungal distribution in the 
neotropics, among them, the polypores. Thus, polypore richness, abundance and composition 
were investigated in order to test the hypothesis that, as observed for animals and plants, 
species belonging to this group of fungi were differentially distributed areas of the Brazilian 
Amazonia. One hundred twenty four visits to the selected areas were undertaken and 2303 
material were collected, representing 153 species of polypores. Although significant, the 
groups were not distinctly formed when the Analysis of Similarity (ANOSIM) was used and 
the hypothesis was rejected. 
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Biodiversity of fungi on the swamp palms in Thailand 
Umpava   Pinruan1*, Aom   Pinnoi1, K.D.   Hyde2, E.B.Gareth   Jones3 


 
1Microbe Interaction Laboratory (BMIT), National Center for Genetic Engineering and Biotechnology 
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2Institute of Excellence in Fungal Research, Mae Fah Luang University, Thailand 
3Department of Botany and Microbiology, College of Science, King Saud University, Saudi Arabia 


  
Peat swamp forests are unique ecosystems, they are formed by long term accumulation of 
plant material under acidic water-logged conditions, and account for one of the largest 
terrestrial organic sinks of carbon dioxide. A wide range of palm fungi have been extensively 
studied in tropical locations including Australia, Brunei, Ecuador, Hong Kong. There has 
been no systematic study of fungi occurring on palms in a peat swamp. The objectives of this 
study are to document the diversity of fungi occurring on four palms in Pru Toh Daeng, 
Sirindhorn Peat swamp forest, Narathiwat province, Thailand, and to compare the fungal 
community on the different palms. One thousand and eighty-four fungal records (290 taxa, 
129 genera) were found on four palms. These fungi include taxa also reported from 
submerged wood, however, the percentage overlap between the two communities is low. No 
species appears to be common to the four palms, each supporting its own fungal community. 
The results indicate a rich fungal diversity on palm in peat swamp forest and numerous new 
species, including 5 new genera, and 20 new species. 
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An exciting novel member of Lentitheciaceae in Italy from Clematis vitalba 
Dhanushka   Wanasinghe1*, E.B. Gareth   Jones2, Peter E.   Mortimer1, Kevin D.   Hyde1 


 
1Key Laboratory for Plant Biodiversity and Biogeography of East Asia (KLPB), Kunming Institute of Botany, 
China 
2Department of Botany and Microbiology, King Saudi University, Saudi Arabia 


  
Dothideomycetes with muriform ascospores, are formally placed in family Pleosporaceae, 
and are not a monophyletic group, which can be placed across a range of orders and families. 
In this study an interesting saprobic ascomycete was isolated from Clematis vitalba which 
was collected from Italy. Since this interesting ascomycete showed unique characteristic 
features, we introduced the taxon as a new genus and species within Lentitheciaceae based on 
both morphology and, ITS and LSU r-DNA combined sequence analyses. Phylogenetic 
analysis based on maximum parsimony (MP), maximum likelihood (ML) and Mr Bayes all 
support this as a distinct genus within the Lentitheciaceae. It is distinguished from other 
genera of this family in having ascospores whose central cells have longitudinal septa and 
light end cells, ascomata with a thick peridium and short necks, and hyaline setae. The new 
genus is compared with similar genera in the Lentitheciaceae and a comprehensive 
description, and micrographs are provided. The cultures were obtained via single ascospore 
isolation, and the asexual state was also established. 
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Taxonomic and phylogenetic placement of Leptosphaeriaceae species from Italy 
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Specimens of the Leptosphaeriaceae were collected from Italy. Collections were studied with 
full descriptions, and micrographs. Cultures were obtained via single ascospore isolation and 
combined phylogenetic analysis of multigenes undertaken, with most grouping 
in Leptosphaeriaceae. Molecular analysis indicates that the family is well-resolved and 
included three sexual: Leptosphaeria, Paraleptosphaeria, Plenodomus and three asexual 
genera: Heterspora, Phoma, Subplenodomus in this family. Classification in the family has 
primarily been based on the type genus Leptosphaeria.Phylogenetic analysis based on 
maximum parsimony (MP), maximum likelihood (ML) and Mr Bayes all support these taxa 
belonging in Leptosphaeriaceae. A new species with distinct ascomata whose ostioles are 
covered by numerous dark brown setae is introduced and compared with other similar 
members in Leptosphaeriaceae. It differs from Leptosphaeria species sensu stricto and is 
referred to the genus Paraleptosphaeria. Comprehensive descriptions and micrographs are 
provided. The asexual state was also established.   
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Diversity of Marasmius (Basidiomycota) from Phu Hin Rong Kla National Park, 
Thailand 


Nopparat   Wannathes1*, Saisamorn   Lumyong2 
 
1Biology Program, Faculty of Science and Technology, Pibulsongkram Rajabhat University, Thailand 
2Department of Biology, Faculty of Science , Chiang Mai University, Thailand 
  
Twenty nine taxa of Marasmius from Phu Hin Rong Kla National Park, Thailand are 
reported. Seven new taxa are described: Marasmius chandrasrikuliae in section 
Globulares; M. albineus, M. exilis, M. haematocephalus var. sinapis, M. mandeangensis, M. 
mungkood and M. rongklensis in section Sicci. Two other species, M. persicinus and M. 
ferrugeneus are reported from Thailand for the first time. 
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Molecular diversity of the Phanerochaete sordida-species complex based on ITS 
sequence data in extratropical Eurasia 


Sergey   Volobuev1*, Mikhail   Okun1 
 
1Lab. of Systematics and Geography of Fungi, Komarov Botanical Institute of RAS, Russian Federation 


  
Representatives of Phanerochaete sordida (P. Karst.) J. Erikss. et Ryvarden (Polyporales, 
Basidiomycota) are widely distributed in temperate zone of Northern Hemisphere, where they 
develop fruiting bodies on fallen trunks, twigs and logs (woody debris) of both deciduous and 
coniferous trees in different types of forest ecosystems (Eriksson et al., 1978; Bernicchia, 
Gorjón, 2010). This species is a popular object of biotechnologies due to its enzymatic 
activity (Rajakumar et al., 1996; Baik et al., 2007, etc.). Morphological concept of the 
species Ph. sordida has rather broad limits with respect to clamps on basal hyphae, shape and 
sizes of cystidia as well as an incrustation of cystidia and reaction of hymenophore with KOH 
(Eriksson, Ryvarden, 1978; Burdsall, 1985). Based on the dataset of 11 ITS sequences of Ph. 
sordida from North America de Koker et al. (2003) showed that there is a species complex 
present consisting of two genetically different taxa. In our study 25 specimens of Ph. Sordida 
collected in different regions of extratropical Eurasia from Russia, Estonia, 
Finland, Germany, Iran, Israel, and Ukraine were analyzed and DNA was extracted. The 
phylogenetic analysis carried out revealed the presence of 4 clusters that were also supported 
by morphological and ecological data. Further investigations may show these groups to 
represent novel species.  
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Collodiscula japonica from Guizhou province in China 
Wei   Li1, Nutthaporn   Ruchikachorn1*, Lin   Guo1 


 
1State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, China 


  
Collodiscula is a monotypic genus and was formerly assigned to the Amphisphaeriaceae 
because of its sessile or short stipitate asci, two-celled ascospores lacking a germ slit, and 
broad and short paraphyses. But it is accepted that Collodiscula is in Xylariaceae now. It is 
clear that Collodiscula and Astrocystis are closely related with the stellatelly-splitting stroma, 
and the single difference between them is that the mature ascospores of the former are 1-
septate, dark brown and lack a germ slit. Collodiscula japonica Hino & Katumoto was found 
on the bamboo culms at Leigong Shan Natural Conservation Area in Guizhou province of 
China. The characteristics are: Perithecial stromata scattered 0.7–0.9 mm width × 0.3–
0.7 mm high, black, carbonous, Perithecia ca. 500–660 μm diam. Asci, cylindrical, 
unitunicate, 143–181 × 5–7 μm, spore-bearing part 75–115 μm, with blue apical rings in 
Melzer’s regenent, 2–3 μm high,width 1.5–2.5 μm. Ascospores 15–19 × 4.5–5 μm, bicellular, 
with a median septum, narrowly fusiform, brown, smooth. So far Collodiscula japonica has 
been only reported in Chinaand Japan. 
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Diversity of Durotheca in Thailand 
Prasert   Srikitikulchai1*, Sarunyou   Wong kanoun1, Janet Jennifer   Luangsa-ard1, Thomas   Læssøe2, 


Marc   Stadler3 
 
1Microbe interaction Lab., BIOTEC, Thailand 
2Department of Biology, University of Copenhagen, Denmark 
3Dept. Microbial Drugs, Helmholtz Centre for Infection Research GmbH, Germany 


  
The genus Durotheca, gen. nov., recognized three species based on morphological characters 
and combined b-tubulin and a-actin gene dataset: D. depressa (the type species), D. 
comedens and D. rogersii. Stromata of Durotheca are more or less erumpent through bark or 
wood, bipartite in nature, initially covered in white pruina, highly carbonaceous including 
encasement of large, globose to cylindrical perithecia, without or with an indistinct basal 
columella. This genus is widespread in South-East Asia and later was reported from western 
Amazonia (Ecuador). Durotheca comedens was found in fifteen sites from the northern to 
southern Thailand while D. depressa was found only at Doi Inthanon National Park, the 
northern Thailand. 
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Diversity of hyphomycetes from freshwater environments in Pernambuco, Brazil 
Elaine   Malosso1*, Mayra   Oliveira1 
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Hyphomycetes from freshwater environments are found in moderately turbulent aerated 
waters, degrading submerged organic material. Diversity of these organisms in the Atlantic 
Forest of Brazil is as yet poorly studied, especially in the State of Pernambuco. Aiming to 
evaluate the occurrence and richness of hyphomycetes, and to increase knowledge about their 
distribution, water and submerged leaves were collected four times between Sep/2011 and 
May/2012 in the Rio Jaboatão, and between Sep/2012 and May/2013 in the Ecological 
Reserve Carnijó, at three sampling sites for each location. The leaves were washed, cut into 
1cm2 and incubated at room temperature in Petri dishes containing distilled water. Daily 
inspection of the fragments allowed the detection of 22 taxa, being 13 hyphomycetes with 
predominance of Triscelophorus monosporus and Lunulospora curvula in Rio Jaboatão 
and Monotosporella microaquatica and T. monosporus in Carnijó. The lowest occurrence in 
Rio Jaboatão was registered for Flabellospora verticillata and Tricladium sp.4, 
and L. curvula in Carnijó. Nine other as yet unknown types of conidia were registered. 
Diversity of submerged leaf litter and moderate water turbulence favour the occurrence and 
richness of hyphomycetes. With the exception of Dendrosporium lobatum, all other taxa are 
referred for the first time to the State of Pernambuco. In addition, the unidentified taxa are 
strong evidence of the presence of new species, showing the need for further research.  
  
Keywords: Conidial fungi, leaf litter, Atlantic forest, neotropics , Ingoldian 
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Caryocar brasiliense (Malpighiales/Caryocaraceae), commonly known as Pequí,  is a 
Brazilian endemic plant species from the Cerrado, and the Amazonian Rain Forest. This 
native species is being steadily domesticated for their oil and carotenoid-rich fruits, mostly 
appreciated as a complement to several of the regional diets throughout Central Brazil up to 
North and Northeast of the Country. The first disease with serious repercussions was the rust 
caused by Cerothelium giacometii described back in 1993, appearing during plant production 
before being taken to the orchards. Now a firstly found powdery mildew was collected on C. 
brasiliense in Brasilia, and now shown to be an indedited Pseudoidium species on a host 
plant belonging in family Caryocaraceae. The symptoms consist of white 
powdery amphigenous leaf  areas, 1-3 cm wide, rarely coalescent, later resulting in leaf 
necrotic areas. The fungus forms 249-324 mm long x 8-11 mm wide conidiophores that taper 
towards the end; conidia 32-37 x 11-17 mm, elliptical to oblong-cylindrical, showing lightly 
striated surface when seen in SEM; appressoria 3 x 6 mm wide, lobate, laterally distributed 
along the superficial hyphae.  In analogy with previous records of powdery mildews in the 
Cerrado plus the fact that the fungus belongs in Pseudoidum, it is possible that it is a member 
of Erysiphe, Subspecies Uncinula. The aggressiveness of the fungus shown in a mature tree, 
if confirmed on young plants, will need to be controlled, probably using chemical pesticides.  
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Myxomycete diversity on a natural reserve of Brazilian Cerrado 
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The Cerrado is the second largest Brazilian Biome, surpassed only by the Amazonian rain 
forest. As in the country as a whole, the Cerrado myxobiota is poorly explored. Thus of the 
216 species of myxomycetes found in Brazil, only 53 are known for the Cerrado. A recent 
expedition to the Parque Estadual da Serra do Ricardo Franco, State of Mato Grosso, at the 
Brazil-Bolivia border, 21 species of Myxomycetes were collected on  corticicolous, 
lignicolous and foliicolous substrates. All subclasses, all orders, and nine families of 
myxomycetes were represented among the specimens collected. The main highlights of the 
work include:  Echinostelium paucifilum, a new record for neotropica; an 
unidentified Licea species, a new record for South America, and new for this genus in the 
Cerrado;Ceratiomyxa sphaerosperma, Cribraria confusa, Stemonaria longa and Physarella  
oblonga are newly registered species for the entire Cerrado Biome ; Perichaena 
Chrysosperma and Physarum viride only now were found in Central-Western Brazil; and 
finally  the genus Stemonitopsis, represented by S. thyphina, was for the first time collected in 
that same region. Except for Hemitrichia serpula the other 20 species identified were all new 
records for the State of Mato Grosso. This survey is part of a broad and continuous effort to 
determine the diversity of the Cerrado Myxobiota. Financial support: PPBIO-Cerrado-
CNPq/Brazil.  
  
Keywords: Neotropical myxodiversity, Echinostelium paucifilum, myxobiota, Brazil 
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A new Symphaster (Asterinaceae) species from Brazilian Cerrado 
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Symphaster (Asterinaceae) includes 4 species found on different host families. In Brazil 
representatives of the genus are: S. gesneraceaeon an unknown Gesneriaceae species, 
and S. ximeniae on Ximenia americana (Olacaceae). A specimen of Symphaster (UB Mycol. 
Col.8862) was found on leaves of Austroplenckia sp. (Celastraceae). Colonies were removed 
from leaves using a stereomicroscope. Observations of colonies followed by photographs and 
structural measurements were made with a Leica light microscope coupled with a digital 
image-processing system. The fungus was shown to be a new Symphaster species 
with colonies epiphyllous, circular, single to confluent, black, 2.5 – 5 mm 
diam.; hyphae straight to flexuous, light brown to ferruginous, 4.5 – 5.5 µm wide; apressoria 
numerous, cylindrical, entire, lateral, brown, 7.5 – 10 × 5.5 – 7.5µm, on top of guard cells, 
forming stomatopodia; ascomata thyriothecioid, scutate-dimidiate, circular, single to 
confluent, dark brown, open by central star-shape fissure, 137.5 – 235 µm diam.; asci globose 
to ovoid, bitunicate, 8-spored, hyaline, 55–65 × 42.5–50 µm; ascospores 2-celled, ellipsoid, 
straight to curved, constricted at central septum, pale brown, smooth, 29–32.5 × 12.5–13 µm. 
Comparison with the known Symphaster species easily indicated that the specimen studied 
belongs in a new species to be properly published, as defined in the International Code of 
Nomenclature for Algae, Fungi and Plants. Financial support: CAPES and PPBIO-
Cerrado/CNPq. 
  
Keywords: Dothideomycetes, Asterinales, foliicolous fungi, taxonomy, tropical fungi 
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Two new species of Asterolibertia (Asterinaceae) from the Brazilian Cerrado 
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The genus Asterolibertia (Asterinaceae) shows 32 species on 15 host families; 15 species 
occur in Brazil. In the Cerrado, they were first found on leaves of Parinari 
obtusifolia (Chrysobalanaceae) and Erythroxylum sp. (Erythroxylaceae) by Inácio & Dianese 
[Fit. Bras. 20 Supl., 1995] on accesses UB (Mycol Col. 2569), and UB (Mycol.Col. 3934), 
respectively. The same species are now studied on P. obtusifolia, UB (Mycol. Col. 2567), and 
Erythroxylum sp. UB (Mycol. Col. 9882). Entire colonies were removed from the leaves 
included in solidified nail polish to prevent collapse, and thus safely transferred using a 
scalpel, to a lacto-glycerol drop on a slide for semi-permanent mounting.  A Leica light 
microscope coupled with a digital image-processing system was used to photograph and 
measure the main features of both specimens. The Asterolibertia on P. obtusifolia was shown 
to belong in an inedited species when compared with all six species known on 
Chrysobalanaceae. The specimen on Erythroxylum is also inedited and it is a new record for 
the host family Erythroxylaceae. As highly biotrophic parasites, the Asterolibertia species are 
almost certainly host specific. This fact coupled with the unique morphological characters 
shown by the specimens clearly indicate that they both belong in new Asterolibertia species 
to be published following the International Code for the Nomenclature of Algae, Fungi, and 
Plants. Financial support: CAPES and PPBIO-Cerrado/CNPq. 
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A new genus of Microthyriaceae from the Parque Estadual da Serra do Brigadeiro, 
Minas Gerais, Brazil 


André   Firmino1*, Meiriele   Silva1, Olinto   Pereira1 
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The Microthyriaceae is a poorly known family comprising 54 genera. Infected living leaves 
of Hoffmannseggella cinnabarina (Orchidaceae) showing black colonies possibly belonging 
to Microthyriaceae were collected on Parque Estadual da Serra do Brigadeiro, Minas Gerais, 
Brazil. Leaves were photographed, dried, and examined under an Olympus SZ 40 
stereomicroscope. Observations and measurements were made with a Carl Zeiss Standard W 
light microscope (Göttingen, Germany) and photographs were taken on an Olympus BX 51 
microscope equipped with a digital camera E-volt 330. Biometric data were based on 30 
measurements of structures. The fungus was shown to be a new Microthyriaceae genus 
with colonies epiphyllous, circular to irregular, single to confluent, black, 1–9 mm 
diam.;hyphae straight to flexuous, brown, 4.5–5.5 µm wide; hyphopodia few, lobate, sessile, 
straight, unicellular, 7–9 × 7.5–9 µm; ascomata scutate-dimidiate, circular, single, 
ferruginous to dark brown, open by central ostiole, 200–340 µm diam.; asci clavate, 
bitunicate, 8-spored, hyaline, 72.5–84 × 20–21 µm; ascospores fusiform, straight, constricted 
at central septum, yellowish, smooth, 22.5–27.5 × 7–9 µm; conidiophores in erectile hyphae, 
monoblastic, unicellular, brown, 10–12.5 × 6–7 µm; conidia Mitteriella-like, single, brown, 
smooth, 19–22.5 × 14–15 µm. This new genus is similar to Maublancia, however with 
presence of conidia on external mycelium. The new genus here studied will be proposed as 
new, according the International Code of Nomenclature for Algae, Fungi and Plants.  
  
Keywords: Dothideomycetes, Microthyriales, foliicolous fungi, taxonomy, tropical fungi 
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Ascomycetes associated with Dimorphandra wilsonii, an endangered Brazilian tree 
species 
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Dimorphandra wilsonii (Fabaceae), commonly known as “faveiro de Wilson”, is a tree 
species native from the Brazilian Cerrado, Annex I of the Brazilian Flora Endangered List, as 
being critically endangered. Aiming to contribute to the knowledge on the mycobiota 
associated with endangered plants in Brazil, and to build a list of threatened fungal species - 
to be specific and dependent on the host for survival, we performed survey of folicolous 
mycobiota associated with D. wilsonii. Five ascomycetes were found, described and 
illustrated, among which two had the ITS region of rDNA and LSU region partially 
sequenced and compared phylogenetically to other sequences available in GenBank. The 
species found were: Phillipsiellaatra, Johansonia chapadiensis, Stomiopeltis suttoniae, 
Microcalliopsis dipterygis  Byssogene sp. Phillipsiella atra, Microcalliopsis dipterygis  
Stomiopeltis suttoniae have been reported occurring in other plant species, therefore, has no 
conservation interest. The evidence is that only Byssogene sp. deserves status of endangered 
species. 
 
Keywords: Biodiversity, foliicolous fun, Conservation, tropical fungi, microfungi 
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Biodiversity of spider pathogens of the genus Gibellula (Hypocreales: Cordycipitaceae) 
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Fungi of the  genus Gibellula are  obligate pathogens of spiders (Araneida: Arachnida) with a 
pantropical distribution. Circumstantial evidence indicates that the genus is specific to spiders 
but host-pathogen relationships have never been investigated in any depth, primarily because 
host features are obscured and collaboration with arachnologists, able or willing to examine 
such specimens, has been minimal.  Here, we report on a study undertaken in a fragment of 
Atlantic rainforest in the Zona da Mata of Minas Gerais in south-east Brazil with the aim of 
testing the hypothesis that within the genus Gibellula there is a high level of host specificity. 
Infected spiders were collected from the foliage of understorey shrubs and both host and 
fungus were investigated taxonomically. A total of 79 infected spiders - distributed in ten 
families (Anyphaenidae, Araneidae, Corinnidae, Linyphiidae, Pholcidae, Salticidae, 
Sparassidae, Theridiidae, Thomisidae, Zodariidae) – were collected, of which 20 (~ 25%) 
were isolated in culture. Anyphaenidae (25.3%) and Pholcidae (26,6%) comprised the 
commonest families. Thus far, nine species of Gibellula have been delimited based on 
morphology, including five novel species.  
   
Keywords: Araneida, Arachnida, spider, specificity, Gibellula 
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A survey of members of Ascomycota and its anamorphs on trees from a fragment of 
Atlantic forest in Rio de Janeiro 
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A major part of the biodiversity is today located in forest fragments, and studies about its 
conservation has been increasing significantly in the last years Considering that continues the 
deforestation and anthropic pressure on remainders of Atlantic Forest in Brazil, it is clear that 
is so important to know the mycobiota in the way on having subsidies to its conservation. The 
objective of this work is to increase the knowledge of fungal diversity of a fragment of 
Atlantic Forest located at Natural Park of Curió, Paracambi - RJ. From November, 2013 to 
March, 2014, several leaf samples containing fungi were collected, dried (± 60°C) and 
studied at laboratory of Plant Pathology of University Rural of Rio de Janeiro (UFRRJ) using 
optical and dissecting microscopes and with electron microscope techniques. These samples 
were examined and the fungi identified in the genera:  Apiospora, Meliola, Ophiodothella, 
Myriangium, Scolecobonaria (Ascomycota); Arthrinium, Pestalotiopsis, Colletotrichum 
(anamorphic fungi); a probable new genus of Ascomycota was found and some rust fungi 
from several hosts were identified. In this work all of these species will be presented and its 
taxonomy discussed. 


  
Keywords: Ascomycota, anamorphic fungi, tropical fungi, foliicolous fungi, fungi from 
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We aimed to find the most explicative environmental factors for species richness, fruiting 
performance and species composition of macrofungal communities in West Hungary by 
analyzing wood-inhabiting, terricolous saprotrophic and ectomycorrhizal fungi separately. 
We selected thirty-five, 70–100 years old forest stands of 30 m × 30 m representing a 
gradient along the characteristic tree species combinations of the region. We applied 
multivariate ordination methods (principal component analysis, detrended correspondence 
analysis, redundancy analysis) and linear regression models. Species richness and fruiting 
performance were determined mainly by site (soil, litter and microclimatic) factors, while 
fungal species compositions were driven primarily by the tree species compositions of stands. 
Determinative factors on species richness and fruiting performance of wood-inhabiting fungi 
were pH of litter and cover of fine woody debris; of saprotrophic fungi: temperature (via a 
negative effect); of ectomycorrhizal fungi: temperature and soil nitrogen content (via 
negative effects). Crucial factors on species composition of wood-inhabiting fungi were 
beech and pine proportions; of saprotrophic fungi: pine proportion and temperature; of 
ectomycorrhizal fungi: beech proportion and tree size. Species composition of wood-
inhabiting and saprotrophic fungi were determined by a deciduous–coniferous (litter pH) 
gradient each, while regarding ectomycorrhizal fungi a light gradient between more open 
stands (dominated by oaks) and rather closed ones with high beech proportions and high 
surrounding forest proportions was highly influential. Conserving macrofungi, forest 
management should maintain mixed (deciduous–coniferous) stands with continuous forest 
cover, apply management types based on stem (group) selection methods, and leave dead 
wood behind after treatments. 
  
Keywords: Biodiversity conservation, forest management, wood-inhabiting fungi, terricolous 
saprotrophic fungi, ectomycorrhizal fungi 
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Scleroderma spp. from Papua, Indonesia 
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One of the last areas covered with vast primary forests, having a rich biodiversity is in Papua, 
Indonesia. However, the diversity of the ectomycorrhizal fungi, especially Scleroderma, is 
less known from these forests. Therefore, a survey was conducted in order to collect initial 
data on the presence of Scleroderma in Papua. The 
results revealed eighteen isolates which showed some variation in the morphology of their 
basidiocarp, such as shape, size, color, and the stipe. Further study including molecular 
approach is proposed to identify these samples.  
  
Keywords: Scleroderma, ectomycorrhiza, diversity, Papua 


  
*Presenter : Supeni  Sufaati 
Email : penisufaati@yahoo.com 
 
 
 
  
 


  845







P 6.8.3 
 
Scientific Theme : 6  Diversity and Conservation 
Session : 6.8  Diversity and function in ectomycorrhizal systems 
 
Account ID IMC1144  
Abstract ID ABS0609 
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Ectomycorrhiza is a mutualistic symbiosis between plant and fungi which is characterized by 
the presence of mycelium mantle, Hartig net and external mycelium that usually produces 
fungal fruit bodies which some of them used as edible mushrooms. This paper reported two 
Indonesian edible tropical ectomycorrhizal mushrooms Heimioporus sp. collected 
from Tristaniopsis merguensis forest in Bangka Island and Cantharellus sp.  from Shorea 
spp. Haurbentes forest, West Java. The study was carried out based on morphological and 
molecular analysis of ITS region of rDNA using primer pairs of ITS1 and ITS4. The 
Heimioporus sp. had dark red to brownish red cap with yellow tube. The basidiospore was 
honey yellow, diameter of 8.67-12 x 6-7.65 µm, with reticulate surface. The Cantharellus sp. 
had yellow cap with stem; hymenium ridged, pale yellow. The basidiospore was globose to 
ellipsoid, size 6.6 -7.33 x 8.08-8.98 µm, smooth and colorless. The results indicated that the 
Heimioporu ssp. which close to H. retisporus. Section of ectomycorrhizal root tip of T. 
merguensis attached to Heimioporus sp. fruit body revealed that the mantle had 
plectenchymatous and pseudoparenchymatous hyphae and para-epidermal Hartig net. Root 
tip attached to Cantharellus sp. fruit body collected from field had monopodial structure and 
cream to brown color. Further analysis of the root tip is in progress.   Production 
of Cantharellus sp. fruit body in filed grown under the S. saminis, S. leprosula, S. 
stenopteraand S. selanica of 60 years old plant was about 40 kg fresh weight per ha per year.  
  
Keywords: Cantharellus sp., edible mushroom, Heimioporus sp.,  Shorea spp.,  Tristaniopsis 
merguensis 
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The species diversity of boletes from Northern Thailand and Yunnan (China) 
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From 2010 to 2013, I collected ca. 700 bolete specimens in Northern Thailand (mainly in 
Chiang Mai province) and Yunnan. I obtained ATP6 sequences for most of those specimens 
and used a combination of phylogenetic and genetic distance criteria for species delimitation. 
I found 165 phylospecies from Northern Thailand and 80 phylospecies from Yunnan. Based 
on rare species frequency (found only once or twice), I estimated the species richness using 
Chao & Lee (1992) estimator. Species richness was over 270 in Northern Thailand and over 
150 in Yunnan. The latter is likely underestimated because of low sample size. I also 
performed a multigene phylogeny that revealed several species complexes 
(e.g., Pulveroboletus ravenelii s.l., Boletellus emodensis s.l., and Sutorius spp.). 
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Entoloma cf. omiense, new incident of poisonous mushroom from Thailand 
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A new report of a poisonous species of Entoloma cf. omiense from Thailand caused illness to 
19 patients after consumption of this species 5-10 minutes later, having the following 
symptoms: vomiting, severe headache, dry mouth, weak, abdominal pain, leg cramps, 
followed by diarrhea.  This species was collected and sold in a local market on September 5, 
2012. It was found in a community forest near Wat Tham Pra, Phusing district, Srisaket 
province. Based on its macro-morphology it can be easily confused with the edible 
genus Termitomyces. The morphological characteristics of this sample were similar to E. 
omiense (Hongo) Horak except for 3 features, i.e., having bigger basidiospores, shorter 
cheilocystidia, and longer basidia. Based on the results of BLAST searches of the internal 
transcribed spacer (ITS)  region of the  rDNA sequence of this sample it matched E. 
omiense with 97% similarity. More comparison needs to be done with type specimen before 
we propose a new species of poisonous mushroom in the genus Entoloma. 
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Pyrola japonica is a perennial herbaceous plant in the family Ericaceae and distributed over 
wide climatic ranges. Our previous study showed that the plant is partially mycoheterotrophic 
and potentially interact with adjacent ectomycorrhizal trees via common mycorrhizal 
networks (CMNs). To clarify mycorrhizal fungal communities associated with P. japonica, 
we collected the plants under mature trees of different genus 
(i.e. Pinus, Quercus and Castanopsis) and identified root fungal symbionts. We hypothesized 
that the symbionts can be varied among P. japonica plants originating from habitats where 
different tree species are dominated. Whole root systems of 39 P. japonica were collected at 
8 sites in Japan. Genomic DNA extracted from root fragments were subjected to PCR and 
cloning of the ITS region. Some samples were grouped based on RFLP analysis and then 
representative ones within each group were subjected to sequencing. 1520 out of 1706 clones 
were divided into 51 MOTUs defined by sequence similarity cutoff of 97 %. Although 
various fungal taxa of more than 10 families were detected, phylogenetically polyphyletic 
members of Russula were frequently detected irrespective of habitats, accounting for 20 
MOTUs and for 76.1 % of clones (1157/1520 clones). These results suggested that wide 
range of species in Russula are major symbionts in P. japonica and may involve in formation 
of CMNs connecting the plant with neighboring ectomycorrhizal tree species.  
  
Keywords: Internal transcribed spacer region, community structure, common mycorrhizal 
network, molecular operational taxonomic unit 
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Ectomycorrhizal fungi are vital components of many ecosystems; they form mutualistic 
associations with plants and their sporocarps provide food for animals. As key dispersers of 
hypogeous fungi, mammals are hypothesised to be important for maintaining ectomycorrhizal 
diversity and plant-fungi relationships. Australia has a particularly high diversity of 
hypogeous species and has experienced a high rate of mammal extinction over the past two 
centuries. Loss of Australian mammal abundance and diversity is liable to impact ecosystem 
functioning through major reductions in dispersal of vital fungi. However, little is known 
about consequences of mammalian spore dispersal on fungal diversity, even within intact 
ectomycorrhizal forests. This poster will outline the preliminary results of our review 
quantifying the extent and variation of mycophagy by Australian mammals and comparing 
this to ectomycorrhizal fungal diversity known from herbaria and literature records. Spores of 
macrofungi have been recorded in the scats of at least 55 mammal species. Some mammals 
are more important dispersers than others; bettongs and potoroos (family Potoroidae) rely on 
fungi for their diet and Potorous tridactylus disperses over 100 fungal species. Widely-
distributed mammals with generalist diets also appear to disperse a high diversity of fungi. 
For instance, 33 ectomycorrhizal genera were recorded in the diet of Rattus fuscipes. Of 
ectomycorrhizal fungal genera known to occur within Australia, 40 % have been recorded in 
mammalian diets. These results illustrate the significance of mammals for maintaining 
diverse ectomycorrhizal fungal communities and highlight the need to consider these 
interactions for conservation. 
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Japanese black pine, Pinus thunbergii, is commonly grown on sand dunes as well as rocky 
cliffs along the coast in Japan. Coastal areas are harsh environmental conditions with limited 
nutrients and water, and thus ectomycorrhizal (ECM) fungi would be key symbionts for P. 
thunbergii. Previous studies suggested that Cenococcum geophilum, one of the ECM fungi, is 
distributed ubiquitously and dominantly in sand dune coastal areas. The purpose of this study 
is to clarify community structure of ECM fungi associated with P. thunbergii grown on rocky 
cliffs. A study site is located in Mie prefecture, in central Japan. P. thunbergii roots and 
extramatrical mycelia grown on rock surfaces were sampled from 6 trees at July and 
September 2013. ECM roots were morphotyped based on their external traits. Representative 
samples from both ECM roots and mycelia in each tree were used for DNA sequence analysis 
of the ITS region. 45% (110/247 ECM roots) and 22% (44/198 mycelia) samples were 
successful for sequences and divided into 24 MOTUs. For ECM roots, members 
of Russula and C. geophilum were the most and second most dominant taxa, while members 
of Atheliaceae were dominant for mycelia. The occurrence frequency of ECM taxa was 
significantly different between ECM roots and mycelia. These results indicate that ECM 
communities in rocky cliffs are distinct from those in sand dunes, and that some specific 
ECM taxa may be responsible for mineral weathering.  
  
Keywords: Ectomycorrhizas, extramatrical mycelia, ITS region, mineral weathering 
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Root system and endophytic symbionts of Pyrola renifolia, a sciophyte under boreal 
coniferous forests. 
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Pyrola renifolia (Ericaceae, Monotropoideae) is a sciophyte thriving in the shaded forests. 
Although it is supposed to be a mixotrophic plant, little is known of the root system and 
fungal associates. Subterranean parts of the pyroloid were collected in a Sakhalin fir (Abies 
sachalinensis) forest at Hokkaido, Japan. The sciophyte has well developed subterranean 
system with highly extended rhizomes and mycorrhized short roots. Mycorrhized root parts 
were categorized into three morphotypes. Typical arbutoid mycorrhizae with thick mantle 
structures were formed on the root tips. The fungal associates were mainly ectomycorrhizal 
basidiomycetes, and putatively identified as Russula spp., Tomentella spp. and Filobasidiella 
spp. Mantleless morphotype (with Hartig net and intracellar hyphal coil) was associated with 
mainly ascomycetes known as root endophytes (Phoma spp., Phialocephala fortinii, 
Cladophialophora sp., Helotiales sp., Leptodontidium orchidicola). On the middle of root 
part, ericoid type mycorrhizae and dark septate endophyte colonization were also observed.  
  
Keywords: Pyrola, Ericaceae, arbutoid mycorrhiza, endophyte, ectomycorrhiza 
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Ectomycorrhizal fungal diversity in tropical lowland forest in Colombia, Amazonia 
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Ectomycorrhizal fungi (EcM) diversity appears to be high in tropical rainforests. However, it 
is poorly understood and relatively little is known about the ecological importance and the 
community structure. Studies on ectomycorrhizal host trees in lowland tropical rainforests in 
Colombia revealed more than 120 morphospecies of putative EcM fungi. Two ecosystems 
have been studied. The first is dominated by the endemic dipterocarp tree Pseudomonotes 
tropenbosii (Dipterocarpaceae) that is only known from small populations in Colombian. The 
second is a “White Sand” forests dominated by Dicymbe sp. and Aldina sp. (Fabaceae). These 
two forests occur on nutrient-poor and acid soils, located on the western extremes of the 
Guyana Shield. Ninety species of EcM have been collected from P. tropenbosii forests, and 
59 from “White Sand” forests. Twenty eight species are shared between both ecosystems. 
Some species have been reported from similar ecosystems in Guyana by Henkel and co-
workers, others represent new taxa or are new reports for Colombia. For the two ecosystems, 
the fungal community structure is currently studied by 454 pyrosequencing of soil samples. 
Fungal species occurring in root-tips of EcM host have been identified using the Internal 
Transcribed Spacer of the rDNA (ITS). So far, several EcM species identified from root tips 
have not been collected as mushrooms, showing that the knowledge of the EcM diversity will 
increase with combined molecular and collection approaches. 
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Soil fungal diversity: the unseen diversity of Mawphlang sacred grove soil 
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Sacred groves are forest conserved and protected by the indigenous tribes due to religious 
beliefs. Fungal diversity study was carried out from soil samples collected from the sacred 
grove located at Mawphlang, Meghalaya (India). Colony forming unit (CFU) of fungi was 
analysed from the soil samples collected aseptically at monthly intervals from 0-10 cm soil 
depth by dilution plate method using rose bengal agar medium. Season wise fungal CFU was 
found to be lower during the winter months when compared to that of the rainy season. 
Altogether 67 fungal taxa were isolated of which 5 belonged to Oomycota, 12 belonged 
to Zygomycota, 48 belonged to Ascomycota, and 2 Mycelia Sterilia. The most dominant 
genera were Penicillium (15 species), Acremonium (5 species), Mortierella (5 
species), Pythium (5 species), Aspergillus (4 species), and Trichoderma (4 species). Various 
physico-chemical properties of soil were also determined to study their relationship with the 
fungal CFU.  CFU of fungi showed positive significant correlation with soil temperature 
(0.80, p≤0.05 and p≤ 0.01), moisture content (0.88, p≤0.05, p≤ 0.01 and p≤ 0.001), organic 
carbon (0.59, p≤0.05), total nitrogen (0.50, p≤0.05) and exchangeable potassium (0.56, 
p≤0.05). 
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The mycobiota associated with valuable archives and their potential control 
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Historical collections kept in archives and libraries represent a cultural and artistic heritage of 
innumerable value. Recently in Oman, more than seventy thousand documents that were 
collected from different countries and displayed as archives showed evident signs of mold 
contamination. The objectives of the present study were to screen these archives for 
mold invasion and test for an effective control measure. For this, 102 samples were collected 
from documents of different sources and incubated on potato dextrose agar (PDA) at ambient 
temperature (25˚C ± 2). The isolated fungi were identified microscopically and confirmed 
with DNA extraction, PCR and DNA sequencing. Twenty-two fungal species belonging to 11 
genera were recovered. The genus Penicillium (46.8%) was the most prevalent followed by 
Aspergillus (30.7%), Cladosporium (7%), Rhizopus (4%), and Chaetomium (3.5%) whereas 
the remaining 6 genera represented only 8%. Eleven species were previously reported from 
similar substrates, whereas 11 species and one genus are new records for the mycoflora of 
archives. Sodium hypochlorite of 0.3-5.2% completely inhibited the fungal growth of the 10 
tested fungal isolates with a minimum inhibition concentration of 0.7%. Fumigation of books 
with 0.7-5.2% sodium hypochlorite completely inhibited all fungi without evident damage to 
the documents or ink discoloration. Therefore, sodium hypochlorite can be recommended as 
an effective and eco-friendly disinfectant for archives, comparable to other hazardous 
chemicals. 
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Studies of salt culture conditions induced-compounds produced by mangrove 
endophytes 
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Mangrove forests area are distributed in most tropical and subtropical coast regions of the 
world. Some of the potency of mangrove plants may be due to mutualistic endophyte fungal 
associated with host plants. In fact, some chemical materials are isolated from the 
fermentation broth of endophyte from mangrove plants. These fungi such as producing 
chemical materials are adapted to sodium chloride. It could be shown that NaCl has a 
profound influence on the regulation of secondary metabolites biosynthesis in fungal species. 
In this project, we started a research program to discover the endophytic fungi from 
mangrove plants that show the growth increase of secondary metabolites under the NaCl 
including fermentation condition. Over 100 fungal strains were collected from the twigs and 
petiols of mangrove plants on NaCl supplemented agar plate. The AcOEt extracts obtained 
from these cultures have been done by LC/MS analysis. Then, an Eurotium rubrum IM-26 
was selected because of large productivity or characteristic of secondary materials profile in 
the NaCl including fermentation condition (exposed salt stress). TLC-guided fractionation of 
the extract resulted in the isolations of compounds1-5 form IM-26 strain. These compounds 
1, 2, and 4 were produced by IM-26 with 3% NaCl to the culture media. Although these 
isolated compounds do not contain a chloride atom, biosynthesis of them have been increased 
under the 3 % NaCl concentration in fermentation condition. The endophytic fungi may 
protect plants directly or indirectly through a using these compounds produced by fungi 
activated by NaCl.  
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The traditional source of naphthoquinones (NQC) are commercially planted medicinal herbs. 
NQC are synthetized also in microorganisms and over 70 fungal species (mostly Fusarium, 
Aspergillus and Penicillium) are reported as their producers. The fungal NQC have a broad 
range of biological activities, including antimicrobial, anti-flammatory, antiviral and 
cytostatic. We have studied secondary metabolites from Quambalaria cyanescens 
(Basidiomycota, Exobasidiomycetes) a fungus known as endophyte, plant saprobe or parasite 
and bark beetle associate. Next lineage of fungi includes members of Pleosporales (from 
Bioatriospora marina lineage) known as endophytes of land plants but living also in marine 
and estuarine environment. Six new together with eight known NQC were isolated. Their 
structures were determined by single-crystal X-ray diffraction experiments and mass 
spectrometry. They have antibiotic effect and are active against various carcinoma cells 
lineages. Identified NQC exhibited low cytotoxicity to healthy human cells and represents 
attentive to several plant produced NQC with known potential in anticancer therapy (eg. 
shikonin, lapachol).  
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Thailand has a high biodiversity of Basidiomycete mushrooms for mycologists to explore. 
But the knowledge of the taxonomy, phylogeny and chemistry is limited and a few species 
have been reported from Thailand in the literature. Basidiomycetes not only provide 
nutritious, protein-rich food, but some species also produce medicinally effective compounds. 
The diversity of terpenoids and other compounds have been obtained from basidiomycetes 
cultures over the past decades. Mycelial cultures of basidiomycetes have been screened for 
novel antibiotics activities that cannot be found in the fruiting bodies. Since specific 
terpenoids and other classes of secondary metabolites isolated from basidiomycetes are 
derived from temperate species and numerous of the production of biologically active 
compounds are to be estimated. Hence, we will focus on chemotaxonomic evidence to 
complement the morphology and molecular studies of the Thai basidiomycetes (Silva DD et 
al., Fungal Divers 61: 1-40, 2013;Thongbai et al., J. Nat. Prod.76: 2141−2144, 2013). 
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mealybug  
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Application of Beauveria bassiana for insect pest control has been widely used in agriculture. 
The traditional method is topical application of conidial suspension on the insect population 
in the plant canopy. However, the fungus can lose viability and efficacy rapidly because of 
sunlight and high temperature. The soil is generally regarded as a favourable environment for 
the fungal growth and survival as it provides the relatively stable, high humidity and offers 
protection from solar radiation and extreme fluctuation in temperature. In this study, we 
investigated an alternative method of fungal application in the cassava field. The fungus was 
applied as fungus-growing rice granules or those mixed with rice husk (1:1), sowing onto the 
soil at 5 g plant-1 (1.0 x 109 conidia g-1). The field trial was performed with drip irrigation in 
two locations in Thailand, U-Thong, Suphanburi province and Lao Khwan, Kanchanaburi 
province. There were 3 or 4 blocks (n = 40-50) for each treatment. The soil samples were 
collected every month after the fungal application to determine the number of B. bassiana 
colony forming unit (CFU) and cassava mealybug population on the cassava leaves. In the 
first month after application, the highest number of B. bassiana CFUs at 16.88 x 103 CFUs g-
1 soil) was found in the plots treated with rice granules mixed with rice husk, compared with 
those treated with rice granules only (11.48 x 103 CFUs g-1) and the untreated control (0.28 
x 103 CFUs g-1). The B. bassiana CFUs decreased dramatically to 0.98 - 3.08 x 103 CFUs g-
1 in the second month after application. The mealybug population in plots treated with the B. 
bassiana granules and rice husk mixture was significantly lower (p = 0.05) than the untreated 
control in the fourth month after application. The results have an implication for utilization of 
the entomopathogenic fungus B. bassiana in the form of rice granules for insect pest control. 
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The red naphthoquinones with biological activities can be produced from the insect 
pathogenic fungus Ophiocordyceps sp. BCC 1869. However, the production often 
encountered inconsistency and low levels of compounds in culture. Here the fungus produced 
a high level of naphthoquinones on PDA under aeration condition, compared with a relatively 
air-limited condition. The MFS transporter gene MFS1 previously identified from a 
subtractive library was up-regulated in this condition. The full length sequence of MFS1 was 
identified in Ophiocordyceps sp. BCC 1869 using inverse PCR. The open reading frame of 
MFS1 is 1,505 bp interrupted with three introns. The putative protein has 12 transmembrane 
domains arranged in two similar halves. Overexpression of MFS1 under a strong promoter 
led to enhanced naphthoquinone production and secretion in the fungus. The gene expression 
levels of MFS1 were strongly correlated with a higher production of these naphthoquinones 
in the MFS1-overexpressing isolates. HPLC analysis indicated that erythrostominone, 
epierythrostominol, deoxyerythrostominone and deoxyerythrostominol were the four major 
naphthoquinones produced and excreted by the overexpressing mutants. 
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Screening of total cellulase-producing fungi isolated from sediments in the Laemson 
National Park, Ranong Province, Thailand 
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This preliminary work aimed to isolate, screen and identify the cellulolytic fungi obtained 
from sediment samples at the Laemson National Park, Thailand. A collection of 111 fungi 
was made by isolating fungi using a serial dilution method on Potato Dextrose Agar plate. Of 
these, 30 isolates were selected and screened for the qualitative activities of total cellulase 
activities on carboxymethyl cellulose (CMC) selective agar. A total of 13 fungal candidates, 
which represented in 8 genera showed the positive reactions involved the clearance around 
the individual fungal colonies, which ranged between 10.6 and 18.5 mm on CMC within a 
period of 7 days. These fungi were identified as Aspergillus nutans (ASP00245), A. fumigatus 
(ASP00199), A. nomius (ASP00083), A. tubingensis (ASP00082), Gongronella butleri 
(ASP00016), Neosartorya fischeri (ASP00247), Penicillium funiculosum (ASP00234), P. 
citrinum (ASP00008), P. janthinellum (ASP00067), Pestalotiopsis adusta (ASP00087), 
Phoma pereupyrena (ASP00001), Rhizomucor variabilis (ASP00069) and Scedosporium 
apiospermum (ASP00034). This preliminary screening shows that the sediments in this 
National Park appear to be a good source of fungi that able to produce the total cellulase 
activities. Future studies will be continued to measure individual cellulase activities including 
endoglucanases, exoglucanases, and β-glucosidases from these fungal isolates and their 
optimization experiments for the quantitative cellulase productions. 
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Evaluation of the effect of salicylic acid, pH and water activity on anti-cancer drug taxol 
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Paraconiothyrium variabile, an endophytic fungi, isolated from twigs of Taxus baccata at 
Cranfield University was screened for production of taxol (1.75 ug/l) in a defined MID liquid 
medium. Various elicitors were examined in order to stimulate taxol production. This was 
successful with the use of salicylic acid with the taxol yield of 14.74 ug/l. The study of 
synergetic effects between elicitor, aw and pH on taxol production was then performed. 
Statistical analysis indicated that all studied factors and their interactions had a significant 
effect on taxol yield (P<0.05). Under modified aw conditions with KCl (0.98 aw) at pH 5, the 
production of taxol was increased when salicylic acid was supplemented at 20 mg/l. The 
maximum taxol was 68.92 ug/l. This was approx. 10.27 times increase when compared with 
non-modified aw conditions.  
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Immobilized biomass of white rot fungus Trametes pubescens was explored for adsorption of 
azo dye Congo Red. The biomass immobilized by which competed well with other sorbents 
reported. Dye uptake was favored by acidic conditions at pH 2.0 with increasing initial dye 
concentration up to 100 mg/L using less biomass at room temperature and agitation speed. 
Adsorption of dyes onto the biomass was weakly dependent on ionic strength. Additionally, 
the adsorption process followed the pseudo-second-order kinetic and Freundlich isotherm 
models. During this process, the morphological changes on the biomass surface occurred, the 
amine functional groups present on the cell surface were mainly responsible for this process, 
and reduction in crystallinity of the biomass was observed, as confirmed by SEM, FT-IR, and 
X-ray diffraction, respectively. Desorption experiments were performed to regenerate the 
sorbent, making the process more economic and environmentally friendly. These 
demonstrated that the immobilized T. pubescens biomass is a promising sorbent for Congo 
Red removal. 
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Evaluation of bioactivity of Lentinus strigosus ( Schwinitz ) from Amazon/Brazil 
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Native Fungi from Amazon region, Lentinus strigosus (Schwinitz ) were screened for their 
ability to produce bioactive substances against micro-organisms (Gram-positive, Gram-
negative and yeast). The mycelium in this species was isolated and grown in 250ml 
erlenmeyer in 100 ml potato dextrose broth, and was incubated for 30 days at 120 rpm in the 
dark at 25°C. We carried out the separation of yeast biomass using vacuum filtration methods 
and 0.22µm membrane filter successively. We then added organic solvents (100 ml) in yeast 
biomass and incubated it for 7 days in order to obtain the extracts. The intracellular 
components were extracted, filtered and evaporated by using methanol, hexane, ethyl acetate 
and ethanol solvents, successively. The four different intracellular extracts of L. strigosus was 
tested against Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27583) and 
Staphylococcus aureus (ATCC29213), and the yeast Candida albicans (ATCC 10,231). 
Intracellular extracts obtained from the fungus L. strigosus showed inhibition zones against 
E. coli, P. aeruginosa and S. aureus, except against C. albicans. The method used for 
antimicrobial testing was the disk diffusion. Studies performed in triplicate and the inhibition 
zones were compared with reference disk. The results show that extracts from L. strigosus 
may be sources of new antibiotics against diseases caused by these microorganisms. 
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Draft genome sequence for molecular breeding in Lentinula edodes 
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Shiitake mushroom, Lentinula edodes, is one of the most important edible and medicinal 
mushroom. Recently, genome sequences of several basidiomycetous fungi are available in 
public including cultivation mushrooms such as Agaricus bisporus and Pleurotus ostreatus. 
Sequence and bioinformatics technologies have been improving remarkably, therefore, draft 
genome sequence can be easily analyzed now. So, we analyzed draft genome sequence of L. 
edodes for future breeding strategies. We sequenced two monokaryotic strains, D703PP-9, 
G408PP-4. These two strains were used for constructing a linkage map of L. edodes 
previously (Miyazaki et al. 2008 Breed. Sci. 58:23-30). Paired-end sequence reads were 
obtained by using Genome Analyzer IIx (GAIIx), and assembled by clc genomics 
workbench. Numbers of assembled contigs were 5,700 and 7493, respectively, n50s were 
36,678 and 28,491, respectively and total base pairs were 34.1Mb and 35.8Mbp respectively. 
Mate-paired sequence reads of G408PP-4 were obtained by GAIIx, and scaffolded by using 
SSPACE. Number of scaffolded contigs was 4,776, n50 was 60,337 and total base pairs was 
35.8Mb. We could found large numbers of in/del in each contigs of two strains. We carried 
out linkage analysis using allele specific) primers. We have mapped 222 contigs to the 
linkage map previously constructed, and total mapped scaffolds length was about 21Mbp at 
the moment. These data could be useful for further development of selectable markers for 
agronomic traits of L. edodes. 
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Physicochemical properties of Palm tree by-product and the new combination for 


mushroom cultivation 
Mingu Kang1*, Woo-Sik Cho1, Jun-Hong Park1, Woo-Hyun Kim1, Seong-Yong Choi1,  


So-Duek Park1 
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We investigated the physicochemical properties of the palm by-products in order to develop 
alternative medium for the cultivation of mushrooms and attempted new combination of 
medium using by palm by-product. Palm by-product can be divided empty fruit bunch (EFB) 
of palm tree, palm kernel expeller (PKE), and palm kernel shell (PKS). EFB is present in the 
form of a pellet and a bale of straw. EFB is similar to the rice straw has been used in button 
mushroom and oyster mushroom, so it need to test as an alternative material. There were 
several kinds of EFB pellet. 6mm (household) and 8mm (trade) pellet is general. Some 
special pellet crushed to a size of about 2mm to those as processed into pellets again and can 
be use to crushed. EFB pellets can be available at bottle and plastic bag cultivation methods. 
There was a difference in the physical and chemical properties depending on the form of 
pellets, and EFB showed a tendency that the content of the total-nitrogen is increased when 
pellet is a small size. PKE's total nitrogen is highest in palm by-product, and it is possible to 
as a nutrient source for mushroom cultivation. PKS is no suitable as a material for the 
mushroom cultivation. because PKS's skin was hard, so hyphae was difficult to penetrate it. 
Based on the analysis of the physicochemical properties, as new combination of mushroom 
medium for the cultivation of various mushrooms were possible. 
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Production of bioethanol by the white-rot basidiomycetes Schizophyllum commune 
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Biofuel is attracting attention as renewable energy and bioethanol is one of the liquid fuel of 
them. Second generation (2G) bioethanol which produced from lignocellulosic material is 
considered to be an alternative way not to compete with food supply. However, there are 
problems about the costs for de-lignification and saccharification in a 2G bioethanol 
production. Wood rot basidiomycetes are well-known as decomposer of lignin and cellulose. 
In addition, their ability to ferment ethanol was reported in some previous reports. Therefore, 
use of wood-rotting fungi for all of de-lignification, saccharification, and ethanol 
fermentation is expected to reduce costs of 2G bioethanol production. We selected a strain of 
Schizophyllum commune as an effective strain for this purpose. Ethanol production efficiency 
of this strain from various saccharides such as glucose, xylose, arabinose, mannose, 
galactose, and cellobiose were evaluated in fermentation using liquid media. It produced 
ethanol in high yield from all tested saccharide except for arabinose. Ethanol production 
under coexistence of glucose and xylose was also observed. Results suggest that a utilization 
rate of hemicellulose which is composed of many kinds of monosaccharide may be improved 
by employing wood rot fungi. 
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Glucose dehydrogenase from the white rot fungus Pycnoporus cinnabarinus: Prodution 


in Aspergillus niger and biochemical characterization  
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Data on glucose dehydrogenases (GDHs) are scarce and their availability for application 
purposes is limited. This work describes a new GDH from the fungus Pycnoporus 
cinnabarinus CIRM BRFM 137. It is the first reported GDH from a white-rot GDH 
belonging to the Basidiomycota. The enzyme was recombinantly produced in Aspergillus 
niger, a well-known fungal host producing a large amount of homologous or heterologous 
enzymes for industrial applications. The full-length gene that encodes GDH from Pycnoporus 
cinnabarinus (PcGDH) consists of 2425 bp and codes for a deduced protein of 620 amino 
acids with a calculated molecular mass of 62.5 kDa. The corresponding cDNA was cloned 
and placed under the control of the strong and constitutive glyceraldehyde-3-phosphate 
dehydrogenase promoter. The signal peptide of the glucoamylase preprosequence of A. niger 
was used to target the secretion of PcGDH into the culture medium achieving a yield of 
640mg L-1. This is 10-fold higher than any other reported value. The recombinant PcGDH 
was purified 2-fold to homogeneity in a one-step procedure with a recovery of 41% using a 
Ni Sepharose column. The identity of the recombinant protein was further confirmed by 
immunodetection using Western blot analysis and N-terminal sequencing. The molecular 
mass of the native PcGDH was 130 kDa, suggesting a homodimeric form. Optimal pH and 
temperature were found to be similar (5.5 and 60°C respectively) to those determined for the 
previously characterized glucose dehydrogenase i.e. from Glomerella cingulata. However 
PcGDH exhibits a lower catalytic efficiency of 67 M−1 s−1 toward glucose. This substrate is 
by far the preferred substrate which constitutes an advantage over other sugar oxidases in the 
case of blood glucose monitoring. The substrate-binding domain of PcGDH turns out to be 
conserved as compared to other GMCs. In addition, the ability of PcGDH to reduce oxidized 
quinones or radical intermediates was clearly demonstrated, suggesting a potential for this 
enzyme for detoxification of toxic compounds formed during the degradation of lignin. 
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Comparative analyses of Podospora anserina secretomes reveal a large array of 


lignocellulose-active enzymes  
Craig Faulds1*, Laetitia Poidevin1, Jean-Guy Berrin1, Chloé Bennati-Granier1, Anthony Levasseur1, Isabelle 
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The genome of the coprophilous fungus Podospora anserina harbors a large and highly 
diverse set of putative carbohydrate and lignin degrading enzymes. In this study, we 
investigated the enzymatic diversity of a broad range of P. anserina secretomes induced by 
various carbon sources (dextrin, glucose, xylose, arabinose, lactose, cellobiose, saccharose, 
Avicel, Solka-floc, birchwood xylan, wheat straw, maize bran and sugar beet pulp (SBP). 
Compared to the Trichoderma reesei enzymatic cocktail, P. anserina secretomes displayed 
similar cellulase, xylanase and pectinase activities , a greater arabinofuranosidase, 
arabinanase and galactanase activity, and the presence of a laccase activity. The secretomes 
were further tested for their capacity to supplement a T. reesei cocktail. Four of them 
improved significantly the saccharification yield of steam-exploded wheat straw up to 48%. 
Fine analysis of the P. anserina secretomes produced with Avicel and SBP using proteomics 
revealed a large array of CAZymes, including auxiliary enzymes (oxidative enzymes), with a 
high number of GH6 and GH7 cellulases, CE1 esterases, GH43 arabinofuranosidases and 
AA1 laccase-like multicopper oxidases. Moreover, a preponderance of Lytic Polysaccharide 
MonoOxygenase LPMO (AA9 formerly GH61) were exclusively produced in the SBP 
condition. This study brings additional insights into the P. anserina enzymatic machinery and 
will facilitate the selection of promising targets for the development of future biorefineries. 
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Submerged cultivation of Basidiomycetes and antitumor activity of their intracellular 


water-soluble polysaccharides 
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The purpose of this project was a comparative study of antitumor effect of xylotrophic 
basidiomycetes mycelium aqueous extract (AM) and the total fraction of water-soluble 
polysaccharides (WP) isolated from them. Strains of xylotrophic basidiomycetes belonging to 
the species Armillaria mellea, Ganoderma lucidum Hericium erinaceus, Hypsizygus 
ulmarius, Flammulina velutipes, Lentinus edodes, Lyophyllum shimeji, Pleurotus ostreatus, 
Trametes versicolor were used as objects of the study. Mycelium was obtained by submerged 
cultivation under optimized conditions. Strains of H. ulmarius and F. velutipes were the most 
productive. Yield of their air dry biomass reached 36-38 g/l in 3 and 5 days respectively. MA 
and WP were tested in vivo on adult male mice B6D2F1 hybrids with solid transplantable T- 
cell lymphoma P388. The fractions were entered orally 1 time a day for 10 days. The daily 
dose of AM contained 3,5 – 4,5 mg dry substances. WP were used at a dose of 2 mg / kg / 
day. Tumor growth inhibition was a criteria of antitumor action. AM of H. erinaceus, H. 
ulmarius, F. velutipes, L. edodes, P. ostreatus T. versicolor and WP of A. mellea, G lucidum, 
H. ulmarius, F. velutipes and L. edodes showed tumor growth inhibition from 75 % and 
more. The most active polysaccharides were obtained from the mycelium of F. velutipes. The 
tumor growth inhibition under this preparation reached 94%. This study has revealed the 
most perspective strains-producers of water-soluble polysaccharides with antitumor 
properties: A. mellea, H. ulmarius, F. velutipes and L. edodes. 
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Blazeispirol A, a chemotaxonomic marker extract from mycelia of Agaricus 
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Agaricus subrufescens (almond mushroom) is originates from America, but has been 
cultivated throughout the world. The potential health promoting benefits of A. subrufescens 
have been emphasized in several reports and include tumor growth reduction, antimicrobial, 
immunostimulatory and anti-allergy effects. A unique class of spiro-triterpenoids named 
blazeispirols was found in the cultured mycelia which were discovered by Japanese 
researchers. Recently, blazeispirols were found to be highly selective agonists of LXR 
receptor alpha and extracts from the mycelia of A. subrufescens accordingly even showed 
cholesterol-lowering activities in vivo in an animal model. Preliminary results on the 
distribution of blazeispirols furthermore suggested that their occurrence is restricted to A. 
subrufescens and closely related species of Agaricus. The objective of our study was to 
establish blazeispirol production in novel, parental and hybrid A. subrufescens strains from 
various isolates originating from Thailand, France and Brazil. Eight strains of A. subrufescens 
were investigated by HPLC-MS after fermentation in ZM/2 medium, which was previously 
found to be optimal for blazeispirol production. We found that all those strains have the 
potential to produce blazeispirols in larger quantities, confirming that the major component of 
this complex, blazeispirol A, does not only constitute a novel pharmacological lead 
compound but even is a phylogenetic and chemotaxonomic marker for the genus Agaricus. 
The highest yield of crude extract and blazeispirols were observed in the parental French 
strain, followed by the Thai-French hybrid. The strains, however, grew rather slowly, hence 
their fermentation to attain sustainable production of blazeispirols, remains to be further 
optimised. 
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Because the adverse effects from using synthetic insecticides to control mosquito have been 
widely reported, bio-materials from living organisms have been considered as an alternative 
tool. Although various substances produced from plants and also fungi have been reported 
having mosquito larvicidal activities, most of them have a limitation of use. Therefore, it is of 
interest to explore new substances. Mushrooms have more than 14,000 species. Some can 
produce metabolite substances along with antibacterial, antiviral, antitumor, anti-
inflammatory and antioxidant activities. The insecticidal activity however has been an under-
researched area. In this study, 145 mushroom samples were collected from areas across 
Thailand and then extracted with distilled water (1% w/v). The mushroom extracts were 
screened for their larvicidal activity against Aedes aegypti mosquito following the WHO 
protocol. Twenty-five mosquito larvae were transferred into 100 mL of each mushroom 
extracts, and then the mortality was observed after 24 h of exposing time. Each experiment 
was replicated for 4 times. It was found that 8 of 145 samples, including PHK27, NU01, 
NU02, CKW03, CKW05, PW01, PW03 and GSW04 displayed the larvicidal efficacy 
ranging from 10 to 70% of larval mortality rates. According to the preliminary screening 
result, this was the first finding for mosquito larvicidal activity from mushroom extract in 
Thailand. It indicated the possibility to use mushroom as the bio-material for the mosquito 
control. However, further studies such as the extraction with other solvents, the larvicidal 
testing with more mosquito species and also the causes of larval death, should be done. 


 
Keywords: mushroom, larvicidal activity, Aedes aegypti, aqueous extract, mosquito control 


 
*Presenter : Damrongpan  Thongwat 
Email : damrongpanth@nu.ac.th 
 
 


  872







P 7.2.11 
 
Scientific Theme : 7 Biotechnology and Applied Aspects 
Session : 7.2 Biotechnological exploitation of basidiomycetes 
 
Account ID IMC0968  
Abstract ID ABS0565 
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saccharification ability of fungal strains 
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The purpose of this study was to evaluate the effect of fungal pretreatment on yields of 
fermentable sugars on two lignocellulosic substrates: wheat straw and miscanthus. A total of 
63 fungal strains including 53 WRF and 10 BRF were screened for their ability to grow on 
wheat straw or miscanthus with a low consummation of sugars for their own growth and 
promoting a high lignocellulose deconstruction to enhance saccharification. The ligninolytic 
and carbohydrates hydrolytic activities involved in the degradation by these 63 strains were 
also examined. A new 24-well plate-based screening method was used to evaluate the 
potential of different basidiomycetes strains simultaneously. This allows one pot multistep 
treatments including solid-state fermentation of lignocellulosic substrates, mild alkaline wash 
and enzymatic hydrolysis. Compared to traditional cultures carried out in flasks or in packed 
column , this method requires less hands-on time and allows the simultaneous processing of 
multiple samples. It also has the advantage over dye assay widely used as plate-screening to 
provide quantitative determination of lignocellulolytic enzyme activities. Moreover, this 
method avoids substrate handling and losses providing accuracy of the analysis. The fungal 
species were separated into three major groups according to their ability to improve 
saccharification : efficient (G1) moderate (G2) and no effect (G3). The most efficient strains 
were shown to improve saccharification of wheat straw and miscanthus up to 15 and 62 % 
respectively. 
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Overexpression of fungal cytochrome P450 in Escherichia coli 
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Cytochrome P450s (P450s) constitute a large superfamily of heme-containing 
monooxygenases that are distributed in a wide variety of organisms. A series of genome 
projects have uncovered an astonishing molecular diversity of P450s in the fungal kingdom 
implying that fungi have extensively expanded P450 functions to meet novel metabolic 
needs. In addition to biological impacts of P450 function, it is of great interest to utilize their 
catalytic potentials in biotechnology sectors. Since P450s catalyze regio- and stereo-specific 
oxidations, it is of great interest to utilize their catalytic potentials in biotechnology sectors. 
Recently, we constructed a comprehensive functional screening system of fungal P450s in 
which 425 isoforms from ascomycetous fungus Aspergillus oryzae, white-rot basidiomycete 
Phanerochaete chrysosporium, and brown-rot basidiomycete Postia placenta were co-
expressed with cytochrome P450 oxidoreductase in Saccharomyces cerevisiae. Using the 
screening system, we uncovered various P450 functions. For further studies such as 
mechanistic and structural investigations, significant amounts of pure enzymes are often 
desired. Therefore, we aimed to develop heterologous expression system using Escherichia 
coli as a host strain. In this study, heterologous expression of 304 P450 isoforms were 
comprehensively investigated. As a result of the large-scale screening, we confirmed a 
number of P450s were expressed in E. coli at significant expression levels. 
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A milk-cap mushroom from Baja California: potential source of polyphenol oxidase 
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In a program designed to explore macromycetes as potential new sources of some enzymes 
for industrial and medical uses, fresh mushroom specimens were obtained from Sierra Juarez 
in the state of Baja California, Mexico. One of the aims was polyphenol oxidases also known 
as tyrosinases (PPO), a group of copper-containing enzymes widely distributed among 
animals, plants, fungi and bacteria and they seem to be of almost universal distribution. In the 
last two decades, tyrosinases has become very important because they are readily available 
and useful for environmental biotechnology. These enzymes are able to oxidize aromatic 
compounds by inserting oxygen in a position ortho- to an existing hydroxyl group in an 
aromatic ring, followed by the oxidation of the diphenol to the corresponding quinone. PPO 
are enzymes with a wide range of substrates which have been proposed to many potential 
applications in biotechnology, such as a variety of bioassays, bioprocesses, bioremediation, 
and biofuel cells. In this work, a PPO from a Lactarius genus mushroom has been purified to 
an apparent homogeneity by a combination of ammonium sulfate precipitation, DEAE-C, and 
Sephadex G-200 gel filtration. The purification process was followed by polyacrylamide gel 
electrophoresis and enzymatic assays to measure activity of the obtained fractions. Using 
caffeic acid as substrate in the monitoring assay, final fraction activity was found to be three 
times higher than that of the activity in the crude homogenates. Lactarius genus was 
recognised and confirmed under low-power magnification using a binocular microscope. This 
is the first report of a tyrosinase from a wild mushroom from Baja California, investigated in 
order to explore the potential of macromycetes as a source of enzymes for biotechnological 
application.  
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Effect of light-emitting diodes of different color and intensity on fruit body formation of 


Pleurotus cornucopiae var. citrinopileatus 
Makoto Kira1*, Yutaka Tamai1, Toshizumi Miyamoto1, Takashi Yajima1, Akira Harada2 


 
1Graduate School of Agriculture, Hokkaido University, Japan 
2Forest Research Department, Hokkaido Research Organization, Japan 


 
Pleurotus cornucopiae var. citrinopileatus was cultivated under light-emitting diodes (LEDs) 
of different color and intensity to examine the effect of light conditions on the differentiation 
and growth of fruit bodies. After spawn running, culture bottles were exposed to blue, green, 
or red LED light with a photo flux density (PFD) of 1, 3 or 6 µmol･m-2･s-1to induce the 
fruit body formation. Red light induced the growth of more and smaller primordia than blue 
or green light. Blue light induced the formation of a bright yellow pileus, similar to that 
observed under ordinary fluorescent light, whereas green light induced a light yellow pileus 
and red light induced a pale yellow pileus. Increasing the PFD resulted in more fruit bodies 
with a larger pileus, whereas as a longer stipe was more common when cultured under light 
with a lower PFD and a shorter wavelength. The cultivation period was longer under red 
light. A higher PFD led to a higher yield. 
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Vegetative growth optimization and fruiting body production of a giant Indonesian 


Tricholoma 
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A local Indonesian Tricholoma was discovered and isolated since 2002 but never been 
studied for the cultivation. This research aim to find out optimum growth condition and 
method for fruiting body formation as well as to determine the species name. The growth 
condition of mycelia was optimised based on the requirement of simple sugar, complex 
carbon, complex nitrogen, vitamin, and growth factor. The fruiting body formation was 
evaluated on peanut shell based substrate by casing with organic substrate. The determination 
of the species based on ITS DNA analysis. The optimum for mycelial growth was achieved 
on the following media i.e : starch (tapioca, corn, and sorghum), sugar (sucrose, dexstrose 
and brown sugar), complex nitrogen (chicken, beef and fish broth), growth factor (0.05 ppm 
Ibotenic Acid) and vitamin (0.45 ppm thiamin). The fruiting body was able to be produced on 
the peanut shell based substrate supplied with 0.1% NPK, 2,5% sucrose and the casing with 
compost (C/N ratio ±19) and pH condition ±7.9. Based on the ITS DNA analysis, the species 
name of this mushroom is Tricholoma giganteum. 
 
Keywords: Tricholoma giganteum, growth optimization, fruiting body formation, casing 
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The increase of Lovastatin production by Pleurotus ostreatus (Jacq. ex Fr.) P.Kumm. 
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Pleurotus ostreatus has been reported to produce lovastatin. This research aims to increase 
the production of lovastatin through mutation by using gamma (60Co) irradiation. First, the 
spore print of fresh mature fruiting body was conducted by laying the pileus in a petri dish 
overnight. The basidispores were than irradiated on gamma (60Co) ray with the following 
doses : 0.2, 0.4, 0.6, 0.8 and 1.0 KGy. The spores were then germinated on PDA for 
producing mycelial colonies. Single colony of each treatment was then grown on potato 
dextrose broth (PDB) at 150 rpm and room temperature over 7 days. Lovastatin was then 
extracted by using acetonitril then analysed using HPLC. The highest lovastatin concentration 
was obtained from the mutant of 1.0 KGy with the concentration of 205.9 µg/mL. Other 
treatments i.e: 0.2, 0.4, 0.6, and 0.8 KGy gave lovastatin concentration as follows : 163.2, 
195.0, 144.9, and 172.9 µg/mL respectively. Non irradiated culutre produced only 120.3 
µg/mL of lovastatin. Protein regulator lovE gene of the mutant and control culture was 
amplified by using a specific primer set. Amplification results of lovE gene give a result of 
250 bp band, while non mutant culture gave 2 bands i.e 250 bp and 1500 bp. The mutation of 
lovE gene results in the increase of lovastatin by P. ostreatus. 
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Screening and decomposition of sugarcane bagasse with lignocellulose-derived 


thermotolerant and thermoresistant Penicillia and Aspergilli 
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Charuwan Chuaseeharonnachai1, Jureerat Ueapattanakit1, Jantima Arnthong1, Veera Sri–indrasutdhi1 
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To promote the decomposition of sugarcane bagasse (SCB) for conversion into value-added 
products and to reduce waste, the capability of fungal mix cultures to degrade SCB was 
examined. From 254 fungal strains isolated from SCB and non-SCB, 169 isolates (92.34%) 
were categorized as thermotolerant and thermoresistant. Based on the morphologically 
unique fungal colonies and source origins, 36 fungal candidates were screened for the 
presence of polyphenol oxidase, endoglucanase and xylanase (XLN) activities, and the 
cellulase and XLN activities were quantitated. Five identified isolates (Aspergillus flavus 
AG10; A. niger AG68 & NB23; and Penicillium citrinum AG93 & AG140) were selected as 
the best enzyme producers, and we added 15 moderately to highly xylolytic, cellulolytic and 
ligninolytic isolates to construct fungal mixes (FMs). Using a Taguchi design, 32 consortia 
were constructed to monitor the ability of the FMs to produce a reducing sugar (RC). The top 
ten RC-producing FMs were selected as potential agents for decomposition durations of 1, 2 
and 3 months. The cellulose, hemicellulose and lignin contents of the SCB materials 
decreased compared to the control over time with the maximum of FM 6 (9.08% in CL 
reduction); FM13 (21.03% in HMCL reduction); and FM 16 (9.21% in LN reduction). These 
results indicate the potential use of SCB as a substrate for synergistic FMs. These could then 
be applied to large-scale SCB composting and other related agricultural residues, thus 
improving the biological pretreatment of lignocellulose. 
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Extraction of ligninolytic enzymes from native fungal species for degradation of pulp 


and paper mill wastes 
Deepika Rajwar1*, J.P.N. Rai1 
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Pulp and paper mills are categorized as a core sector industry and are the fifth largest 
contributor to industrial water pollution. The Indian Pulp and paper industry is highly water 
intensive consuming 100-250 m3 freshwater/ton paper and the corresponding waste water 
generation is 75-225 m3 waste water/ton paper. Pulp and paper mill wastewater contains 
lignin and its derivative which imparts dark brown colour to the wastewater and has high 
level of Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD). 
Applications utilizing lignin-degrading organisms or isolated enzymes provide environmental 
friendly technologies for the pulp and paper industry that lowers the cost of energy and 
chemicals. The goal of this work was to isolate and identify fungal species from paper mill 
sludge and to optimize parameters for degradation of lignocellulosic waste from the effluent. 
Fungal Species were isolated from paper mill sludge and were screened for their ligninolytic 
enzymes activity (LiP, MnP, Laccase). Degradation ability of these fungi were tested at 
different pH, temperature, carbon and nitrogen source, C:N ratio, inoculum size, stirring, % 
black liquor and duration at laboratory scale. The treatment resulted in overall reduction of 
BOD, COD, colour and lignin content of the effluent. A major part of reduction was initially 
observed on fourth day, which was characterized by steep decline in the pH of the effluent. 
This work demonstrated the use of promising fungal enzymes for efficient degradation of 
lignocellulosic biomass in industrial effluent which can also be used for degradation of alike 
litter and other agricultural wastes. 
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Fructification of Pannelus stipticus, Psilocybe cubanensis, Stereum hirsutum and 


Stropharia regusoannulata on oat flakes and translocation of mercury from substrate to 
fruit bodies 
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Cultivation and fructification of 15 saprotrophic and wood-rotting fungal strains were tested 
on various semi-natural media. Formation of fruit bodies was observed in Pannelus stipticus, 
Psilocybe cubanensis, Stereum hirsutum and Stropharia regusoannulata in the frame of 1-2 
months. Mercury translocation from substrate to fruit bodies was then followed in oat flakes 
medium. Translocation was followed with 0; 1.25; 2.5; 5; 10 and 20 ppm Hg in the substrate. 
All four fungi formed fruit bodies in almost all parallels. The yield of fruit bodies varied from 
0.5 to 15.3 g. The highest bioconcentration factor (2.99) was found for Psilocybe cubanensis 
at 1.25 ppm Hg. The factors decreased with increasing Hg concentration in the substrate: 
2.49; 0; 2.38; 1.71 and 1.82 for P. stipticus, 2.5; 1.81; 1.78; 1.07 and 0.96 for S. commune, 
2.99; 2.48; 2.48; 1.8 and 2.15 for P. cubanensis and 1.96; 1.84; 1.21; 1.71 and 0.96 for S. 
regusoannulata. Hg content in fruit bodies copied Hg content in the substrate; highest content 
in fruit bodies values were found for P. cubanensis (43.08 ± 7.36 ppm Hg) and P. stipticus 
(36.42 ± 3.39 ppm). 
 
The work was supported by grant no. P503/12/0682 (Czech Science Foundation) and RVO 
no. 61388971 (Academy of Sciences of the Czech Republic). 
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Atrazine and propazine herbicides degradation of by Pleurotus ostreatus INCQS 40310 
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The herbicides atrazine and propazine have been increasingly used worldwide in different 
crops of economic relevance, including sugar cane, which is very important and traditional in 
Brazil due to sugar and ethanol production. The widespread use of these pesticides, already 
prohibited in some countries, can contaminate soil and water bodies. Besides the prevention 
of contamination, it is crucial to invest in decontamination technologies. Within this context, 
the aim of the present study is to evaluate the degradation of these two herbicides by 
Pleurotus ostreatus INCQS 40310, since it produces a broad range of enzymes related to 
xenobiotic compounds degradation. For the experiments, atrazine and propazine (10 mg/L) 
were separately added to the culture medium previously optimized by a fractional factorial 
experimental design only for atrazine degradation. Then the fungus was inoculated (three 
disks containing mycelium) in flasks and incubated at 30°C, 200 rpm. After 10, 15 and 20 
days, samples were analyzed and the concentrations of the reminiscent herbicides were 
measured by HPLC. Atrazine achieved 71% of degradation after 15 days of incubation. In 
contrast, propazine resulted in only 43% of degradation after 20 days. Subsequent studies 
improved atrazine degradation to 90% in 10 days. Experiments aiming the optimization of 
propazine degradation are in course. 
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Wood substrates as inocula for bioremediation with fungi 


Roland Treu1*, AnniFrehr Holm1 
 


1Centre for Science, Athabasca University, Canada 
 


Fungi produce enzymes for the degradation of extracellular, complex carbohydrates, such as 
cellulose. Lignin is a compound that may protect cellulose from degradation by cellulases, 
but many basidiomycetes (white rot fungi) have evolved ligninases (laccase, phenol 
peroxidase) that are able to degrade lignin as well. With their unique enzyme systems, species 
of basidiomycetes are therefore promising candidates for an application in bioremediation 
(mycoremediation), and numerous reports have shown that their mycelia are able to degrade 
hydrocarbons, PAH, DDT, dioxins, various explosives, as well as other toxins; however, 
almost all published studies were conducted in vitro. Practical implementation of fungal 
bioremediation is hampered by the difficulty of growing fungal mycelium in contaminated 
sites. In this study we describe a new approach that has the potential to be used in situ for 
bioremediation. Pieces of wood (toothpicks, dowels, sticks) were inoculated with various 
strains of basidiomycetes (Ganoderma, Pleurotus, Trametes), and in all cases a good 
colonization of the wood after 2-3 weeks was observed. The inocula, consisting of the wood 
pieces with the attached mycelium, were exposed to water contaminated with phenol and 
other hydrocarbons. We measured a reduction of toxicity over time with the Microtox 
method. Further experiments that explore the application of these fungal inocula in 
contaminated soils are ongoing. 
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Fungal contamination of air dried rubber sheet (ADS) is often occurred and diminishes 
quality and value of this product. In this work we aim to investigate the fungal diversity 
contaminated on ADS and evaluate a potential use of antifungal agents produced by 
Streptomyces sp. TMR032. A total of 18 fungal isolates was originated from ADS, which 
belong to 2 genera; Aspergillus spp. (33.3%) and Penicillium spp. (66.7 %). Based on the 
antagonism test using dual culture bioassay, strain TMR032 could inhibit growth of all fungal 
isolates giving relatively large inhibition zone (> 30 mm). Subsequently, we produced crude 
antifungal agents by ethyl acetate extraction and evaporation, using cell-free culture broth of 
strain TMR032. It was revealed that this crude extract exhibited lower minimal fungicidal 
concentration (MFC) of 0.07 mg mL-1 compared to a chemical fungicide; paranitrophenol 
that exhibited MFC of 0.5 mg mL-1. When we did apply the crude extract by adding it at the 
final concentration of 1 mg mL-1 in latex for production of ADS, the fungal contamination 
was depleted. It was conceived that the crude extract at this concentration could extend the 
shelf life without appeared contamination of ADS for a week. We conclude that Aspergillus 
and Penicillium dominated the fungal contamination on ADS, while this contamination could 
be suppressed effectively by the crude extract of strain TMR032. We propose that antifungal 
agents produced by strain TMR032 could be further applied in production of ADS with the 
benefits of cost-saving and reduced chemical uses. 
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Cellulose degradation by co-cultivation of wood-rotting fungi 
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Degradation of woody biomass by rot-fungi plays an important role sustaining natural 
ecological systems. It is well known that several rot-fungi coexist in a tree and decay it. 
However, the degradation of biomass by the symbiotic system of fungi has not been studied 
systematically. The aim of this study is to better understand the relationships of coexisting 
rot-fungi in environment and the roles of potential competition in the natural degradation 
process. For this purpose, the functions of individual as well as combined culture of the rot-
fungi in the degradation of wood substrate were studied. In this work, 
carboxymethylcellulose (CMC) and crystalline cellulose (CC) were used as a model 
substrate. In total 45 fungal isolates were collected and screened on agar plate containing 
CMC. Based on these results, three fungal strains (i.e. Hypocrea pachybasioides, Antrodia 
sinuosa and Trametes pubescens) were selected for co-cultivation studies. The selected fungi 
were cultured in a modified liquid DCR medium containing CMC or CC and incubated at 
25°C for 8 days. Concentration of the degradation products (mono- and oligosaccharides), 
extracellular proteins and metabolites produced by fungi were measured. Unique cultivation 
properties were observed depending on the cultivation systems in both degradation processes 
of CMC and CC. Results of this study suggest that co-cultivation influences the extracellular 
protein expression pattern. 
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Biodegradation of rice straw by Aspergillus niger for enhanced bio-ethanol production 
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The accumulation of waste and the “throw-away philosophy” result in several environmental 
problems, health issues and safety hazards, and prevent sustainable development in terms of 
resource recovery and recycling of waste materials. Ethanol is now the most important 
renewable fuel in terms of volume and market value. The present work emphasized on the 
conversion of the agricultural residues (rice straw) into ethanol with the use of different pre-
treatment methods. The effect of radiation pre-treatment on the alkaline and enzymatic 
saccharification of rice straw by Aspergillus niger US4MTCC9931was investigated at 
varying radiation doses. Maximum reducing sugar occurred in untreated rice straw was 
4.45gl-1 while its became 36.34gl-1, 19.45gl-1 and 91.91gl-1 when the sample was treated 
with 100kGy Gamma–irradiation, 1%NaOH and combination of 1%NaOH and 100kGy 
Gamma–irradiation, respectively. Endoglucanase, exoglucanase, FPase, beta-glucasidase and 
xylanase activities increased accordingly. Fermentation of hydrolyzate was carried out by 
Saccharomyces cerevisiae MTCC174. The production of ethanol also significantly enhanced 
in 100kGy Gamma–irradiation (58.79 gL-1), 1%NaOH (39.45 gL-1) and combination of 
1%NaOH and 100kGy Gamma–irradiation (78.9 gL-1) in comparison to untreated sample 
(29.52 gL-1) (P≤0.05). The Gamma–irradiation and mild alkali individually induces some 
changes in the molecular and supermolecular structures of rice straw which ultimately 
increased the susceptibility to hydrolytic attack by A. niger. The production level of cellulase 
and hemicellulase enzymes significantly enhanced when rice straw was pre-treated with 
1%NaOH along with 100kGy Gamma–irradiation. Consecutively, the production of ethanol 
also increased up to three times as compared to untreated rice straw. 
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Purification and characterization of laccases from Marasmiellus palmivorus and their 
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Laccase is a multi copper enzyme that uses oxygen molecule to oxidize phenolic compound 
via catalytic-radical mechanism. The aim of this study are to purify, characterize, and analyze 
laccase(s) from Marasmiellus palmivorus. Laccase was produced by Solid-State 
Fermentation (SSF) technique using wood chips as a carbon source. The crude enzyme was 
extracted by using 200 mM of sodium phosphate buffer pH 6. Subsequently, the crude extract 
was precipitated by 100% of ammonium sulphate. The sample was then further purified by 
size exclusion chromatography Sephadex G-50 using 200 mM of sodium phosphate buffer 
pH 6 as elution buffer. The activity of laccases from crude extract was 1.94 U.mg-1. The 
single step purification successfully separated three isoenzymes of Marasmiellus palmivorus 
laccases, Lac1, Lac2, Lac3 that distinguished by its molecular weight. The purified enzyme 
and phenolic compound was tested with additions of Cu, Cd, and EDTA individually in order 
to understand its potential activity to degrade phenolic compound. The ability of laccase to 
degrade phenolic compound implicates that laccase could be used as an alternative 
environmental technology to remove phenolic compounds in industrial wastewater effluent. 
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Chaetomium and Stachybotrys in water-damaged buildings 
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Fungal growth in buildings is a worldwide problem with dire consequences for both humans 
and economy. Otherwise healthy people experience health problems (headaches, respiratory 
problems and mucosal irritations) when they live or work in mouldy buildings. Asthmatics 
and allergy sufferers have their symptoms exacerbated, while hypersensitive people can 
experience rashes and nose bleeds even after a short stay. Fungal growth arises when parts of 
the building envelope gets humid or wet. The reason is often an unfortunate combination of 
factors, e.g. inadequate ventilation and thermal bridges or shoddy foundations and flooding. 
Some building materials are more susceptible than others and wet gypsum board (drywall) 
and wet plywood (OSB) are especially prone to Chaetomium and Stachybotrys growth. These 
two fungal genera are difficult to detect due to their morphologies and growth preferences, 
but important due to their production of microbial volatile organic compounds, micro-
particles and mycotoxins. The purpose with this study is to characterise the Chaetomium and 
Stachybotrys spp. present in water-damaged buildings with respect to carbon sources, water 
activity, temperature, enzyme, and metabolite production. An LC/UV-Vis/HRMS library 
with 50+ Chaetomium and Stachybotrys metabolites has been made for direct chemical 
analyses of mouldy building materials and species-specific DNA primers have been made for 
detect detection of their presence on wet building materials. 
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Glyceraldehyde-3-phosphate dehydrogenase and laccase genes analysis of Auricularia 
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In the absence of genome data, the De novo RNA sequencing of Auricularia auricula-
judae strain Au916 were conducted for finding the functional genes involving in the fruiting 
body formation. As a result, 19741 functional gene fragments were obtained. Among them, 
the glyceraldehyde-3-phosphate dehydrogenase and laccase genes were selected to analyze in 
this study. In the tested strain, the gpd gene was present as a single copy and encoded 340 aa 
protein, however its alleles, Gpda and Gpdb, were distinct with a 73 bp length discrepancy 
and 39 SNP variations. Interestingly, allele-specific expression analysis showed that 
the Gpda and Gpdb were expressed with no significant difference in dikaryotic mycelia of A. 
auricula-judae. Similarly, based on the transcriptome, seven laccase genes (lcc1–lcc7) 
containing the signature sequences L1–L4 were isolated from strain Au916. The deduced 
protein sequences of the genes encoded laccases sensu stricto with the length varying from 
575 to 620 aa, and the sequence identity ranging from 25 to 93%. Among the seven laccases, 
the intron positions and the distributions in the NJ tree varied from each other, and the 
expression patterns of seven genes estimated by qRT-PCR were also discrepant. Phylogenetic 
analysis showed the laccases of the Auricularia, together with Rhizoctonia 
solani and Cryptococcus neoformans were nested into the Ascomycete laccases, indicating 
that the laccase genes from Auricularia, R. solani and C. neoformansare distinctly different in 
function from other basidiomycetes. It indicates that the transcriptome can provide a fast and 
reliable method for functional genes analysis. 
  
Keywords: Auricularia auricula-judae, glyceraldehyde-3-phosphate dehydrogenase gene, 
laccase genes, transcriptome, functional gene analysis 
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The Pleorotus ostreatus native of the Amazon is a poorly cultivated edible mushroom, which 
can be exploited. For its economically viable cultivation, like other edible mushrooms, it is 
recommended the use of regional waste of little or no cost. Thus, waste wood of  Simaboura 
amara (marupá) and Anacardium gigantium  (cajuí) supplemented with a mixture of bran 
(75% rice (Oryza spp.), 20% wheat (Triticum spp.) and 5% corn (Zea mays)). The following 
formulation was made for the two substrate of wood waste: sawdust (68%), mixture of bran 
(30%) and calcium carbonate (2%). Different substrates were packed in polyethylene bags of 
high density (500 g substrate per bag), autoclaved for 1 hour and inoculated with mycelium 
developed in petri dishes containing malt. All the material was kept in a climatic chamber in 
the absence of light, at a constant temperature of 25 ºC and 80% humidity until complete 
settlement. Then, it underwent 8 h photoperiod condition creating stimulus for the production 
of the mushroom. They were evaluated for colonization time, formation of primordium and 
quantity of mushrooms produced. The results showed that with the formulation containing 
cajuí sawdust, which obtained better results in the production and fungal colonization , 
totaling 2,195.90 g (fresh weight), with a mean of 73.20 g/kg of substrate and marupá 
produced 1,274.30 g of fresh mushrooms, averaging 45.51 g/kg. In relation to obtaining 
primordium, the two substrates showed similar results. 
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A submerged culture using whole barley is associated with the up-regulation of 


amylases and post-translational pathway closer to a solid culture of Aspergillus kawachii 
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We previously described a novel submerged batch culture system that produced high levels 
of amylase by Aspergillus kawachii using whole barley (WB), the surface of which is 
covered by its husk. High levels of glucoamylase and acid-stable alpha-amylase was 
produced in this culture, and expression levels of amylases, as well as glucose-repressive 
genes including high-affinity glucose transporter and peroxidase/catalase were also high. On 
the other hand, the morphology of mycelia was altered, with swollen, bulbous, multi-septum 
hyphae and conidiophores that normally form in a solid culture being partially generated. 
Furthermore, cell cycle and post-translational modification-related gene expression levels 
were altered, and were similar to those in the solid culture. These findings suggest that high 
amylase productivity in the submerged culture using WB is accompanied by both the up-
regulation of amylase genes and activation of post-translational modifications due to fungal 
morphological changes being brought closer to those in the solid culture. 
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In vitro and in vivo effects of different pathogen:antagonist spore-ratio percentage on 
fumonisin B1 (FB1) production by Fusarium verticillioides; optimization of biocontrol 
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In the field, infection of Fusarium verticillioides (Fv) in maize occurs both horizontally 
(rhizosphere, germosphere), and vertically (airborne, birds, insects). The application of 
microbiological inoculum either onto rhizosphere or germosphere is effective in combating 
fungal pathogens in maize by means of parasitizing the pathogens, competing for nutrients, or 
producing toxic compounds. However, microbiological inoculum can also stimulate the 
growth and toxin production of pathogens (stress defence mechanism). Therefore, in the 
present work, the potential for antagonists as biocontrol agents to minimize fumonisin B1 
(FB1) production by Fv was examined in vitro and in vivo using different 
pathogen:antagonist spore ratios. Experimentally, a strain of Fv isolated from maize kernels 
was challenged with four biocontrol agents (BCA1, Clonostachysrosea; 
BCA3, Streptomyces sp. AS1; BCA6, Gram-negative bacterium; BCA7, Enterobacter 
hormaechei) at five different pathogen:antagonist spore ratios (100:0, 75:25, 50:50, 25:75, 
0:100) on Milled Maize Agar (in vitro) and on irradiated maize kernels (in vivo) at 0.98 and 
0.95 water activity (aw). FB1 analysis was performed by FLD-HPLC. The trend for 
FB1 production in vitro and in vivo varied between BCAs, inoculum ratios, and aw tested. 
FB1 stimulation was observed at 75:25 (↑ pathogen) and 25:75 (↑ antagonist) inoculum ratios 
in some treatments, while most of the treatments indicated FB1 inhibition at 50:50 inoculum 
ratio with BCA1 exhibiting the highest inhibition of 57% at 0.98 aw in vivo which reduced 
the FB1 level below the maximum legislative limit (EU: 1 μg g-1). Further work is currently 
being undertaken to establish the carbon utilization patterns of pathogen and antagonists to 
better elucidate the mechanism of antagonism of the selected BCAs. 
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Ergosterol and vitamin D2 contents of UV-B irradiated mushrooms, antioxidation, 
tyrosinase activities and cytotoxicity to keratinocyte properties of irradiated oyster 


mushroom 
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The conversion of ergosterol to vitamin D2 in fruiting bodies, mycelia and freeze – dried 
powder of nine commercial mushrooms in Thailand were investigated after UV-B irradiation. 
After exposed to UV-B irradiation for 15-180 min the concentration of ergosterol content in 
fresh mushrooms was decreased whereas the amount of vitamin D2 was, on the other hand, 
increased. The greatest conversion to vitamin D2 (27.89±0.67 µg/g dry weight) was observed 
in oyster mushrooms while eryngi mushrooms (4.54±0.02 µg/g dry weight) was shown as the 
least among the nine mushrooms. Additionally, not only fresh mushrooms, mycelia and 
freeze – dried mushroom powder were also subjected to the UV-B exposure for ergosterol to 
vitamin D2 inversion. Freeze – dried oyster mushroom powder were exposed to UV-B for 
180 min and extracted with ethanol. Irradiated oyster mushrooms extract were evaluated of 
antioxidant activity by DPPH free radical scavenging activity, tyrosinase inhibition and 
assessed of the cytotoxicity test on non-tumorigenic Keratinocyte cell line (HaCat). 
Efficiency of antioxidant activity and tyrosinase inhibition of irradiated oyster mushrooms 
extract appeared to be a non-significant difference with non-irradiated oyster mushrooms 
extract. In addition irradiated oyster mushrooms extract had no effect on viability of the non-
tumorigenic keratinocyte cell line. 
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Predictive modeling of the impact of abiotic factors on the growth of Mucor spp. 


associated with cheese 
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The Mucor genus includes ubiquitous species found in the environment, but also in raw 
materials and foodstuffs. In the cheese making context, some Mucor spp. are used as 
technological microorganisms due to the organoleptic qualities they provide to some cheese 
(e.g. Tomme and St Nectaire cheeses), while on other cheeses they can cause spoilage. To 
date, the behavior but also the positive and negative impact of technological and contaminant 
Mucor on cheese are poorly known. In this study, the impact of abiotic factors (NaCl content, 
temperature, aw, pH) on the growth and morphology of Mucor representative strains of 
species commonly encountered in cheeses (M. circinelloides, M. racemosus, M. lanceolatus, 
M. fuscus, M. spinosus and M. brunneogriseus), as well as of a plant endophyte (M. 
endophyticus, used as an outgroup), were determined on PDA medium. The collected data are 
being used to develop a predictive model for each species and abiotic parameter. Moreover, a 
monitoring of the growth of the studied strains at different temperatures on a medium 
mimicking cheese as well as on unripened cheeses is being carried out in order to validate the 
model. Growth profiles and morphological significant differences were observed on PDA 
medium, according to the considered Mucor species and abiotic conditions. The derived 
growth models could lead to an improvement of the industrial use of the technological 
species and a better control of the contaminating ones. The mechanisms underlying the 
observed fungal behaviors require further investigations through molecular and proteomic 
approaches. 
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Pressurized hot water extraction of β–glucans from edible mushroom (Pleurotus 


ostreatus) 
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Edible mushrooms such as Pleurotus sp. contain interesting functional components. In 
particular beta glucans, are known for their activity as biological response for some healthy 
properties, such as immunomodulator, anticholesterol, and anticancer. The purpose of this 
study is to improve the method of the beta-glucan extraction.   In this research the amount of 
β-glucans in Pleurotus edible mushroom was extracted by pressurized hot water. The β-
glucans quantificaton was analysed based on the dye congo red method. The extraction time 
has been setting up in the time range 5, 10, 15 and 20 minutes as treatments. The yield 
extractions were 4.3%; 4.9%; 5.08%; and 4.28% respectively.  All the treatment results 
showed higher percentage yield of β-glucan compared to the conventional process (60-80 0C 
for1 hr) revealed at 2.65%.   
  
Keywords: β –glucan, Pleurotus sp., methods of extraction, pressurized hot water 
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Characterization of omega-3 long-chain unsaturated fatty acid producing strains, the 


straminipilan thraustochytrids isolated from Thailand 
Panida Unagul1*, Satinee Suetrong1, Sita Preedanon1, Anupong Klaysuban1, Jariya Sakayaroj1 
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The straminipilan thraustochytrids have potential in production of long-chain omega-3 
unsaturated fatty acids, particularly docosahexaenoic acid (DHA) for applications in 
nutraceuticals and aquaculture feed. Ten thraustochytrids isolated from various marine 
habitats of Thailand were examined for their growths and fatty acid productions at various 
growth temperatures (25, 30 and 35oC) and sea salt concentrations (0, 10, 15, 20 and 30 g L-


1). Measurement of biomass productivity resulted in a classification of these isolates into 3 
groups; 1)  high biomass productivity ranging from 3.0 to 4.0 g L-1d-1, 2) moderate biomass 
productivity (1.5 to 2.5 g L-1d-1) and low biomass productivity (less than 1.0 g L-1d-1). A 
range of optimal sea salt concentration was 15-30 g L-1. An increase of temperature led to a 
decrease in contents of total fatty acid and DHA. Among isolates tested, Aurantiochytrium 
limacinum JS607 was a promising strain with ability to grew well at high temperature (35oC) 
yielding 39% DHA of total fatty acid and 44% total fatty acid in dry cell weight. These 
results indicate the potential of Thai isolates as excellent sources of DHA for further 
commercial production. 
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Integrating ecological and molecular diagnostics data to prevent contamination of cured 


meats with ochratoxin A 
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One of the most important mycotoxins is ochratoxin A (OTA) which can have toxic effects 
on consumer health. Dry-cured ham and dry-fermented sausages are prone to contamination 
by OTA because of colonisation by OTA-producing Penicillium on the surface of the product 
during curing. The environmental conditions occurring throughout their processing and the 
high concentration of NaCl favours the presence of toxigenic moulds. This study examined 
ionic water activities (0.97 to 0.84) on growth, otapks PN and otanps PN gene expression and 
OTA production by P. nordicum and P. verrucosum on ham- and cured sausage-based 
matrices. Matrices were inoculated with spore suspensions of the strain and incubated 
between 10 and 30°C (in dry-fermented sausages) for 12 days. Growth and OTA 
quantification was made every two days and, expression analysis every three days. Reverse 
transcription real time PCR (RT-qPCR) was used to examine effects of these two-way 
interactions on relative expression of key genes involved in OTA. The data sets allow us to 
link growth and phenotypic mycotoxin production with expression of key biosynthetic genes 
in the biosynthetic pathway for OTA production in order to avoid OTA. The molecular 
measurements were more sensitive than the analytical quantification of OTA. This suggests 
that the RT-qPCR gene expression of these two genes may be a good early indicator of 
potential contamination risk in dry-cured ham with OTA during the dry-cured ham and dry-
fermented sausages ripening. The implications for these results will be discussed in the 
context of risk assessment in such products. 
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Pakuri (Inonotus obliquus) (Hymenochaetaceae) is a pathogen living on broadleaved trees. In 
Finland it occurs mainly on birch (Betula sp.), but as well on other trees belonging to 
Betulaceae, and on aspen (Populus tremula) (Salicaceae). In Finland it infects trees that are 
damaged by frost or mechanical damage. In Finland pakuri is known from Tikka-tea which is 
made out of a sterile conk that it forms on a tree. The tradition of using Tikka-tea ceased in 
Finland for several decades among wider public, but it is now experiencing a growing trend 
in Finland. In Asia and Russia where known as Chaga, the use as tea and folk remedy has 
long traditions that have never ceased. Although being a serious pathogen in forests managed 
for timber, plywood and pulp production, its value can exceed almost tenfold the value of the 
tree that it grows on if sold as a natural product. Therefore, there is a growing interest among 
forest owners to cultivate pakuri. As pakuri can be cultivated in low yielding forests (tree 
growth on average at least 0.1 m3/ha, but not more than 0.9-1 m3/ha) it is a promising method 
to increase the value of these low profit areas. Therefore, MTT and UEF launched a project 
that aims to develop methods to cultivate it. Preliminary results of the project are discussed. 
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 Angkak is fermentation product from Monascus used rice as its substrate. This product is 
used as natural food coloring and seasoning. The aims of this research were to examine the 
correlation between red color with citrinin content and to characterize Monascus isolates 
from commercial angkak.  Thirty samples were collected from different sites in Indonesia. 
Color values assessed using chromameter were composed of lightness (L*), redness (a*) and 
yellowness (b*). The red color (a*) of angkak was around 13.06 ± 0.677 – 19.03 ± 
0.547.  Meanwhile using ELISA method, we found that the angkak samples contain citrinin 
around 48.53±14.36 ppm. This result indicated that there were no correlation between red 
color value and citrinin content of angkak. Forty five isolates were obtained during this study, 
and based on phenotypic characters such as colony diameter, pigmentation, aerial mycelium, 
cleistothecium diameter, size spore and ascomata produced, these isolates are diverse, 
however according to molecular character no species diversity. Based on molecular 
characteristics, using primer either using primer ITS1and ITS4 or partial beta tubulin, all 
isolates were identified as Monascus purpureus. 
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Isolation of Aspergillus section Flavi form rice in Thailand and their aflatoixns 
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Aflatoxins are carcinogenic, secondary metabolites produced by several number 
of Aspergillus section Flavi during infection of crops. Aflatoxins detected as natural 
contaminants in foods are named B1, B2, G1 and G2. Aflatoxin B1 is the most toxic to 
animals. The aim of the present study was to evaluate the incidence of 
Aspergillus section Flavi in rice and the ability of aflatoxins production of the isolates. A 
total of 62 rice samples were collected from 19 provinces of Thailand during 2012-2013. 
Twenty-seven samples (54%) had total fungal counts < 1.0 CFU/g. The mean value counts of 
fungi recovered from DG18 and DRBC were ranged from 1.0 to 3.3x103 CFU/g and 1.1 to 
36.6 CFU/g, espectively. Based on morphological identification, a total of 213 isolates 
belonging to Aspergillus section Flavi were obtained from 54 samples. Aflatoxins production 
was investigated in CYA medium and aflatoxins concentration was measured by high-
performance thin-layer chromatography (HPTLC). The result showed that only 34 isolates 
(15%) are aflatoxins producer and 179 isolates (85%) are non-aflatoxins producer. Among 
the aflatoxin producing strain, 26 isolates (76.5%) produced aflatoxins B and 8 isolates 
(23.5%) produced both aflatoxins B and G. Concentration of aflatoxin B1, B2, G1, and 
G2 were ranged from 4 to 4,141, 3.8 to 157, 7.7 to 4,592 and 5.8-114.4 ng/g of culture 
medium, respectively. For high level of total aflatoxins, 14 isolates (41.2%) produced >1,000 
ng/g of culture medium. Moderate level (100-1,000 ng/g of culture medium) and low level 
(<0.5-100 ng/g of culture medium) were produced by 12 (35.3%) and 8 (23.5%) isolates, 
respectively. 
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Aflatoxins are the most toxic and carcinogenic compounds among the known mycotoxins. 
They are mainly produced by Aspergillus section Flavi. Aflatoxins are harmful to animal and 
human health and cause economic losses worldwide. The objective of the present study was 
to determine the total fungi and the presence of aflatoxins producing Aspergillus spp. 
in shrimp feed and its ingredients. A total of 74 samples comprising fish meal (16), soybean 
meal (23) and finished feed (34) were randomly collected from feed manufacturers, retailers 
and shrimp farms located in the central and western Thailand. The results showed that fungal 
total count was ranged from <1 to 1.5x103 CFU/g. Aspergillus species was presented in 
82.6% of soybean meal samples, 62.5% of fish meal samples and 37.1% of shrimp feed 
samples. Eighty isolates of Aspergillus spp. were isolated and evaluated for their ability to 
produce aflatoxins on Czapek yeast extract agar (CYA). Thirty-six isolates produced UV 
fluorescence metabolites on coconut cream agar (CCA). Thirty-two isolates (40%) of these 
resulted aflatoxins producer when analyzed by high-performance thin-layer chromatography 
(HPTLC). About 97.5% of toxigenic isolates produced aflatoxins B, while only 2.5% of 
toxigenic isolates produced aflatoxins B and G.  
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Successful mycorrhization and fruiting of Craterellus 
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 Cantharellus and Craterellus species (chanterelles) are globally renowned as some of the 
most popular wild edible mushrooms. They are common ectomycorrhizal associates of 
various trees, and yet, cultivation has been unsuccessful. Recently, the authors were 
successful in obtaining pure cultures of Japanese Cantharellus from mycorrhizal tips, and 
confirmed fruiting in the pot culture with mycorrhizal host seedlings. Although the technique 
was desired to be applied to other chanterelles, Craterellus aff. cornucopioides (black 
trumpet) was difficult to establish pure culture. The objective of this study was to establish 
cultivation techniques for Craterellus. Mycorrhizal tips underneath the fruit bodies of black 
trumpet were sampled, washed and tested for direct inoculation to the root system of non-
mycorrhizal pine seedlings. Inoculated seedlings were incubated in a growth chamber at 20℃ 
for 5 months. As a result, tested seedlings formed ectomycorrhizas with characteristic yellow 
fungal sheath and Hartig net. The established mycorrhizal seedlings were used as mycorrhizal 
mother plants to produce another mycorrhizal pine and fir seedlings. One and a half years 
after the mycorrhization, multiple primordia formations were confirmed in the pot soil. When 
the pot was incubated at 15 C, fruiting of black trumpet was induced. Developed fruit bodies 
showed slightly wrinkled hymenia and produced basidiospores. This is the first report of 
successful fruiting of Craterellus mushroom. 
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Several countries have attempted to promote edible fungi industry as a means of providing 
incentives and earning opportunities of people living in marginal rural areas. Colombia is a 
country where the edibility of fungi is not well known. Approximately an average of three to 
four species is at least recognized. The interdisciplinary approach shown in this project seeks 
to implement the cultivation of Pleurotus ostreatus with rural women, as an alternative for 
the nutrition and the economy of the community. Six rural homes located in the municipality 
of Villa Pinzón, were designated for oyster production, small rooms covered with black 
plastic for mushrooms incubation where adapted. Barley was the grain used to prepare the 
“seed”, which showed the fastest coverage by mycelia in 20-24 days. We used hay, rice husk 
and sawdust as substrates, with either no supplement or supplemented with molasses or wheat 
bran. Rice husk supplemented with molasses, showed the highest mycelia coverage (96% in 
30-35 days) as well as the highest biological efficiency (24% –2.2 Kg fresh mushroom/ 5 Kg 
fresh substrate). Many problems such us contamination, dehydration, and homogenization of 
the substrate were constant in the six pilots. According to the merchandizing analysis it can 
be estimated that each woman would need to cultivate 60 bags in order to earn half a 
Colombian salary. This approximation in the oyster cultivation constitutes an accessible 
alternative to diversify the local agricultural products (i.e potato) in Villa Pinzón, by using a 
sustainable strategy. 
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Novel strain of non-toxigenic Aspergillus flavus 
Atcharaporn Srijudanu1*, A. Chinaphuti1, N. Somboonkaew1, S. Aukkasarakul1, S. Wanasirakul1 


 
1Post-harvest and Processing Research and Development Office, Department of Agriculture, Thailand 


  
Aspergillus was isolated from soil of 21 provinces across Thailand by soil dilution plate 
technique and agar plate method using DG18 medium. The isolates were identified for 
morphological character using microscopy. The Aspergillus found in this study was A. flavus 
(602 strains), A. tamarii (97 strains) and A. nomius (20 strains). Strains of A. flavus were 
preliminary screened for aflatoxin production strains using coconut agar method.  After 5 
days of incubation in the dark, plates were examined under UV light at 365 nm. Plate 
contained aflatoxin-producing strains showed luminescent blue colour. One hundred and 
seven strains which did not show blue colour were selected. The strains were re-checked for 
their ability to produce aflatoxin using YES medium. Only 31 strains did not produce 
aflatoxin. These non-aflatoxin  producing strains were tested for antagonistic efficacy to 
control aflatoxin-producing strains (A. flavus No. A39) by competition plate method. Eight 
strains were selected and investigated again for their antagonist to control A39 in YES 
medium by dual culture method. Strains No. 37, 374, 377, 400, 401, 538, 561 and 588 could 
suppress A39 strain which resulted to reduction of AFB1 contents for 99.2, 96.7, 99.1, 100, 
100, 100, 99.1 and 99.1%, respectively. Furthermore, the strains were analyzed for DNA of 
A. flavus and identified with bio-molecular technique. Only four of 8 strains were genetically 
identified as A. flavus, namely No. 37, 374, 400 and 561. Three strains were A. tamarii 
(No.377, 538 and 588). Whereas No. 401 was           A. normius. Only the strains No. 561 did 
not have aflatoxin producing gene (pksA, aflR and norA). The strains No. 561 was applied to 
maize for controlling aflatoxin-producing strains. Maize confined with A. flavus No. 561 
contained AFB1concentration lower than control group for 83.92%. The result indicated that 
A. flavus No. 561 could be a novel strain of non-toxigenic fungi found in Thailand to repress 
aflatoxin-producing strain of A. flavus resulting to low contamination of aflatoxin in 
agricultural products. 
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Ethanol extracts of medicinal plants inhibit growth of Aspergillus flavus, Aspergillus 
westerdjikae and Fusarium verticillioides and control mycotoxins 


Nettra   Somboonkaew1*, Su-phi  Wanasirakul1, Thitiya Phisut1, Amara Chinaphuti  CHINAPHUTI1 
 
1Postharvest and Processing Research and Development Office, Department of Agriculture, Thailand 


  
Crude extracts of medicinal plant viz. Allium sativum, Alpinia galanga, Kaempferia 
parviflora and Zingiber cassumunarwere determined for in vitro growth inhibitory activity 
againstAspergillus flavus (AF), Aspergillus westerdjikae (AW) and Fusarium verticilliodes 
(FV). Extract of A. galanga showed the highest antifungal activity against all selected fungi, 
comparing with other plant extracts. A. galanga exhibited 100, 97 and 73% inhibition of AF, 
AW and FV with concentrations at 50, 200 and 750 ppm, respectively. Antifungal activity 
of K. parviflora and Z. cassumunar significantly affected on AF, AW and FV mycelial 
growth but with the higher concentration of extracts (>1,000 ppm). Agar plugs of all samples 
were HPLC analyzed for concentrations of aflatoxin, ochratoxin or fumonixin. K. 
parvifloraextracts resulted in the lowest contents of aflatoxin and ochratoxin contamination, 
whilst the smallest level of fumonisin was found in Z. cussumunar treated agar. Ethanol crude 
extract of A. sativum did not influence in any mycotoxin concentration. The results indicated 
that A. galanga,K. parviflora and Z. cassumunar had the strongest antifungal properties and 
could be the effective mycotoxin decontaminant 
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Secondary metabolites including antiprotozoal active compounds from several collected 


and cultured entomopathogenic fungi 
Akemi Umeyama1*, Minori Okada1, Yukari Nakamura1, Miki Iguchi1, Yasuko Okamoto1, Sayaka ban2, Aki 


Ishiyama3, Masato Iwatsuki3, Kazuhiko Otoguro3, Satoshi Ōmura3, Toshihiro Hashimoto1 
 
1Faculty of Pharmaceutical Sciences, Tokushima-bunri University, Japan 
2Biological Resource Center, NITE (NBRC), Japan 
3Kitasato Institute for Life Sciences, Kitasato University, Japan 


  
Entomopathogenic fungi are a rich source of secondary metabolites including important 
compounds for pharmaceutical discovery. In our continuing search for biologically active and 
structurally unique metabolites from insect parasitic fungi, we have isolated two new cyclic 
peptides, heteropodamides A and B, with antimalarial activity from the collected 
Ophiocordycep sheteropoda, three new depsipeptides, cardinalisamides A-C, with 
antitrypanosomal and antimalarial activities, cerebroside B and bioxanthracene 6 from the 
cultured Cordyceps cardinalis NBRC 103832, bassianolone and a related compound from the 
cultured Cordyceps cf. hepialidicola NBRC 100943, ergosterol with monounsaturated fatty 
acid from the cultured Metacordyceps owariensis f. viridescens NBRC 33258, 
lanostanetriterpenoid from the cultured Cordyceps takaomontana NBRC 101754, and a new 
polyketide, opaliferin, together with several compounds from cultures of Cordyceps sp. 
NBRC 106954. Their structures were elucidated using MS analyses and extensive 2D-
heteronuclear NMR. The absolute configurations of constituent amino acids for 
cyclicpeptides and depsipeptides were addressed by chemical degradation and Marfey’s 
analysis. The absolute configuration of opaliferin was established by anomalous dispersion 
effects in X-ray diffraction measurements on the crystal of di-(p-bromobenzoyl) ester of 
opaliferin. Heteropodamides A, B and cardinalisamides A-C showed in vitro antimalarial 
activity against Plasmodium falciparum, drug-resistant (K1) strain, showing selective activity 
for malaria parasite. Cardinalisamides A-C also showed in vitro antitrypanosomal activity 
against Trypanosoma bruceibrucei. 
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Ecophysiological approaches to enhance production of human lysozyme by Pichia 


pastoris 
Supunnika Somjaipeng1*, Naresh Magan2, Angel Medina2 


 
1Agricultural Technology, Burapha University, Chanthaburi campus, Thailand 
2Applied Mycology Group,Cranfield Soil and AgriFoodInstitue, Cranfield University, United Kingdom 


  
Factorial design and a screening experiment were employed to identify significant factors 
affecting growth and human lysozyme production by P. pastoris on YPD agar and in shake 
flask cultivation, respectively. The results showed that the lowest temperature (15oC) and 
with glycerol as the aw depressor (0.97 aw) gave the maximum cell numbers of P. pastoris 
(3.06 x 103 cfu/ml) when examining interaction effects between aw x temperature x types of 
solutes. In interaction between pH x aw x types of solutes at 30oC this non-ionic solute also 
resulted in the highest cell numbers (1.97 x 103 cfu/ml) at pH 7 and 0.97 aw. A decrease of 
aw and pH significantly reduced and delayed P. pastoris growth on YPD; the effects were 
more drastic when the ionic solute NaCl was used to decrease aw. Statistical analysis 
indicated that aw had a significant effect on P. pastoris growth (P<0.05). The screening 
experiment revealed that temperature had the most significant effects on lysozyme production 
(P<0.05). A maximum yield at 100 hrs was 75.06 U/mg at pH 5.8, 20oC, methanol 1.5%, 
expression method type 1 without aw modification and was increased by 2.28 times 
compared with control conditions.  


  
 Keywords : Pichia pastoris, human lysozyme, environmental stress 


  
*Presenter : Supunnika Somjaipeng 
Email : supunnika@buu.ac.th 
  
 


  907







P 7.8.1 
 
Scientific Theme : 7 Biotechnology and Applied Aspects 
Session : 7.8 Other sessions related to Biotechnology and Applied Aspects 
 
Account ID IMC0754  
Abstract ID ABS0233 
 
 


Cloning and characterization of a novel endochitinase gene from Trichoderma 
erinaceum 


H.H.M.A.U. Herath1*, R.L.C. Wijesundera2, N.V.   Chandrasekharan3, W.S.S. Wijesundera4,  
G.H.I.M. Wickramasinghe3, M.N.A. Mohamed3 
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2Plant Sciences, Faculty of Science, University of Colombo, Sri Lanka 
3Chemistry, Faculty of Science, University of Colombo, Sri Lanka 
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Trichoderma is a popular biocontrol agent used extensively against plant pathogenic fungi. 
The mode of action of this fungus is through the secretion of chitinase and other cell wall 
degrading enzymes. One objective of our ongoing studies to develop transgenic plants that 
are resistant fungal attack is to clone chitinase genes. Here we describe the cloning and 
characterization of a novel endochitinase gene fromTrichoderma erinaceum encoding ech42 
family 18 chitinase. A chitinase gene (1550 bp) was amplified from T. erinaceum genomic 
DNA using specific primers flanking the Trichoderma viride endochitinase gene. The 
amplified product was cloned into pGEM-T vector and sequenced. Analysis of the sequence 
revealed a high degree of homology (95%) to an endochitinase (ech 42) of Trichoderma 
harzianum. Further analysis revealed the presence of three short introns. The ORF encodes a 
299 amino acid protein with sequence identity to many other endochitinase genes. An 
alignment of deduced amino acid sequence using BlastP shows the catalytic domains of the 
endochitinase gene of T. erinaceum. Two highly conserved regions essential for activity 
identified in the catalytic domain of chitinases classified as family 18 glycosyl hydrolases 
were present in endochitinase of T. erinaceum. This novel endochitinase gene could be a 
useful contender to engineer fungal resistance in crop plants. 
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Production of xylitol from hardwood hydrolysate by Candida guilliermondii FTI 20037 


Najjapak   Sooksawat1*, Sukhdeep   Sidhu2, Paramjit   Bajwa2, Mark   Turner3, Brad   Saville4, Hung   Lee2 
 
1Biology, Mahidol University, Thailand 
2School of Environmental Science, University of Guelph, Canada 
3Xylitol Canada Inc., Xylitol Canada Inc., Canada 
4Chemical Engineering and Applied Chemistry, University of Toronto, Canada 


  
There is considerable interest in using lignocellulosic substrates as feedstocks for the 
production of fuels and valuable chemicals. One potential high value compound, xylitol, is a 
five-carbon polyalcohol with excellent potential for application in the food processing and 
medicine. Currently, commercial scale production of xylitol is based on chemical 
hydrogenation of xylose derived from hydrolysates of xylan-rich plant materials. An efficient 
microbial process of xylose-to-xylitol conversion has the advantages of greater yields and 
selectivity relative to the chemical xylitol production from mixed sugar streams. Candida 
guilliermondii FTI 20037 is a naturally-occurring pentose-fermenting yeast well known for 
its ability to produce xylitol from xylose. In this study, the ability of this yeast strain to 
convert xylose to xylitol was examined in synthetic defined media and a xylose-rich 
aspenwood hydrolysate. In defined media, the conversion was substantially increased by 
using high initial cell density, and using urea rather than ammonium sulfate as the N source. 
C. guilliermondii could efficiently converted 10% (w/v) of xylose to maximum 8.7% (w/v) of 
xylitol within 96 h. This strain could produce xylitol even at xylose concentrations as high as 
20% (w/v), however, xylitol yields decreased progressively above 10% (w/v) xylose. In 
aspenwood hydrolysate containing about 10% (w/v) xylose, the strain produced about 7.5% 
(w/v) xylitol in 75 h. The slightly lower xylitol yield in the wood hydrolysate is likely due to 
the presence of some pretreatment-derived inhibitors which adversely affected the 
conversion. The results confirm the good potential of C. guilliermondii FTI 20037 and efforts 
are underway to assess the ability of this strain to convert xylose in other industrial 
hydrolysates to xylitol. 


  
Keywords: Candida guilliermondii FTI20037, hardwood hydrolysate, xylitol production, 
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Red pigment from Fusarium chlamydosporum exhibiting anticancer activity against 


human breast cancer MCF 7 Cell Lines 
Soumya   K1*, Zeena Abdul Wahim   Khadim1, Sharmila   T1 


 
1Microbiology, Bangalore University, India 


  
Fusarium chlamydosporum strain SS-03 was isolated from a soil sample collected from 
Bangalore University campus. The organism was identified based on morphological and 
molecular characterization.  The pigment production was carried out in the optimized culture 
medium and the pigment was extracted in chloroform. The crude pigment was subjected to 
quantification in a UV – Vis spectrophotometer and purified by preparative TLC. The 
purified pigment was characterized as a poly unsaturated fatty acid ester by subjecting it to 
various analytical studies which included C – NMR, H – NMR, FTIR, UV- Vis spectrum and 
LCMS analysis. This pigment was further screened for anti-cancer activity against breast 
cancer cell lines. The cytotoxic activity was checked by MTT assay on MCF 7 breast cancer 
cell lines and on CHOK cells (Normal cell lines). The purified pigment exhibited selective 
cytotoxicity to MCF 7 breast cancer cell lines as compared to normal CHOK cells with IC 50 
value of 32µg/ml. This property has high potential in cancer therapy and the pigment was 
found to be a promising metabolite in anti-cancer research. Further cell death mechanism was 
studied with respect to Bax, Bcl – 2, survivin and  β - actin genes and the expressional studies 
supported increase of apoptotis in MCF 7 cells treated with the pigment.  Lipid peroxidation 
assay conducted did not reveal any promising anti oxidative property but however it was 
found that pigment treatment reduced the lipid peroxidation in the cells treated with hydrogen 
peroxide by 0.3%. The present work focuses on pigment production and its probable 
applications as a coloring agent. It also opens up a new arena to the use of pigment and to 
exploit its selective cytotoxic activity in field of cancer research. 
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Biosurfactant production by Pichia anomala MUE24 in fermenter and its use for 


modification of rice flour properties 
Jiraporn   Thaniyavarn1, Tiwaporn   Punrat1, Jirarat   Anuntagool2, Suthep   Thaniyavarn1, 


Jiraporn   Thaniyavarn1* 
 
1Department of Microbiology, Faculty of Science, Chulalongkorn University, Thailand 
2Department of Food Technology, Faculty of Science, Chulalongkorn University, Thailand 


  
Biosurfactant from Pichia anomala MUE24 was produced upon cultivating in modified 
medium containing 13.34% of soy bean oil and 6.66% of glucose as carbon sources. Initial 
pH of the 4.5 was adjusted and incubated at 30°C in shake flask at 200 rpm. After 7 days of 
cultivation, the organism released surfactant into culture medium at 0.55 g/L. The 
biosurfactant obtained was able to reduce surface tension of the medium from 52.5 mN/m to 
36.0 mN/m. The crude extract of biosurfactant was analyzed via analytical thin-layer 
chromatography and Molisch test. The active fraction was partially purified by RP-HPLC and 
characterized via matrix-assisted laser desorption/ionization – time of flight/mass 
spectrometry (MALDI-TOF/MS). Peaks with molecular weight of 520, 548, 566, 580, and 
594 were obtained, these were subsequently identified as sophorolipid biosurfactants in 
lactonic forms and acidic forms. A scale up batch cultivations was further performed in a 5 
liter bioreactor at 30 °C, 1 VVM without pH control. After 72 h of cultivation, biosurfactant 
concentration was found at 34.061 g/L. The resulted crude biosurfactant was able to reduced 
surface tension of pure water to 29 mN/m with a critical micelle concentration (CMC) of 116 
mg/l. Further characterization showed that it could form stable oil in water emulsions with 
various types of vegetable oils such as canola oil, rice bran oil and soybean oil etc. 
Furthermore, addition of biosurfactant into rice starch could improve retrogradation, increase 
water holding capacity and swelling power of rice starch. 
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Ectomycorrhization of Amanita caesareoides on oak and fir seedlings based on the 


mother plant technique 
Naoki Endo1*, Akiyoshi Yamada1 
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Amanita caesareoides is a sister species of Mediterranean Caesar’s mushroom A. caesarea, 
and is distributed in the temperate and boreal regions of the Eastern Eurasia. We have 
succeeded in ectomycorrhization of A. caesareoides on Pinus densiflora seedlings in vitro 
(Mycorrhiza 23: 303). In this study, we aimed to develop ectomycorrhizal system of A. 
caesareoides on various host plants. Twelve mycorrhizal pine seedlings that have previously 
been synthesized with an A. caesareoides strain in vitro were acclimatized in clay pot soil 
(500ml in volume) for seven months, and then in large clay pots (2L in volume) for seven 
months. Mycorrhizas of A. caesareoides were confirmed on 9 of 12 pine seedlings, three of 
which were further transplanted to another clay pots with 10L volume and incubated for a 
year. The developed A. caesareoidesmycorrhizal tips were sampled, and ca.100 mycorrhizal 
tips were inoculated to each of the root system of non-mycorrhizal three Quercus crispula 
and one Q. serrata seedlings, respectively. In addition, non-mycorrhizal three Abies 
veitchii seedlings were inoculated with each 10 mycorrhizal tips. These inoculated seedlings 
were grown in a biotron for months at 20˚C and 24h lighting at 100µmol/m2s. 
Ectomycorrhization of A. caesareoides on oak and fir were confirmed by the fungal rDNA 
sequencing. On the mycorrhizal mantle, boletoid-type rhizomorphs and metuloid-type 
cystidia were observed. 
  
Keywords: Caesar's mushrooms, ectomycorrhizal development, ectomycorrhizal 
morphology, Host species, Pot culture 
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A novel antitumor activity of L-Asparaginase from Xylaria feejeensis strain XL001: 


purification and characterization 
Aphichart Karnchanatat1*, Polkit Sangvanich2 
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Potato dextrose agar is found to be suitable media for the isolation, growth and maintenance 
of xylariaceous fungi. Qualitative and quantitative assays were done for the screening of L-
asparaginase activity of xylariaceous fungi. Out of thirty four isolates, ten were found to 
produce L-asparaginase. Among them, Xylaria feejeensis strain XL001 produced high 
amount of L-asparaginase. Hence it was selected for the further study. For purifying and 
obtaining a homogenous L-asparaginase from the strain XL001, a modified purification 
procedure was adapted in this study. The final purification of the enzyme in Superdex-75 gel 
filtration chromatography yielded 278.44 IU of enzyme in 2.3 mg of protein with a high  
specific activity of 567.52 IU/mg of protein and a recovery of 54.3 % of the enzyme. The 
optimum pH and temperature for the activity of the enzyme was found to be 8.0 and 60 ºC, 
and was sensitive to most divalent cations but especially by Hg2+, Cu2+ and EDTA. It has 
apparent molecular mass of 52.5 kDa. The Km of the enzyme was found to be 3.52 × 10-3 M 
towards the natural substrate L-asparagine. The L-asparaginase showed high cytotoxic effect 
on breast cancer (BT474), and hepatoma cancer (HEP-G2)cells. The results obtained in the 
present study are in good agreement with the criteria for an antitumour enzyme. 
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Purification and characterization of Beta-glucosidase from Aspergillus niger strain that 


isolated on tree barks 
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β-glucosidase (β-D-glucoside glucohydrolase, EC 3.2.1.21) catalyzes the hydrolysis of the β-
glycosidic bond between two glycone residues (e.g., cellobiose and other β-linked 
oligosaccharides) or that between glucose and an aryl or alkyl aglycone. This enzyme is 
effective on hydrolysis process of cellulose. Aspergillus niger was isolated from tree barks. 
After pure culture, strains were inoculated into Petri dishes containing CYA (Czapeck Yeast 
Agar), CZA (Czapeck-dox agar), MEA (Malt Extract Agar). After 7 days of incubation, the 
microscopic and macroscopic characteristics were observed. The Aspergillu niger strain was 
incubated at 27°C with shaking at 180 rpm in the malt broth.  After incubated for 216 h, the 
cells were removed by centrifugation and the supernatant was used in the enzyme purification 
procedure. β-glucosidase of Aspergillus niger was purified by salting out with ammonium 
sulfate and using specifically designed sepharose-4B-L-tyrosine-1-napthylamine hydrophobic 
interaction chromatography. The purification was 1,5 fold with an overall enzyme yield of 
19,3%. The molecular mass of the protein was estimated as 70kDa. The purified β-
glucosidase was effectively active on p-/o-nitrophenyl-β-d-glucopyranosides (p-/o-NPG) with 
Km values of 5.1 and 17.0mM and Vmax values of 2.7 and 52.6U/mg, respectively.  Its 
optimal activity was detected at pH 5 and 70oC.  Fe3+enhanced the activity of enzyme but 
Pb2+, Cu1+, Ag1+, Zn2+ inhibited beta-glucosidase of  Aspergillus niger. The enzyme was 
inhibited by glucose against p-NPG as substrate. Glucose IC 50 value is 17,8 mM 
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Exploring boundaries between cryptic species in the Ceratocystis fimbriata sensu lato 


complex 
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The Ceratocystis fimbriata sensu lato complex includes numerous species, many of which are 
important tree pathogens. Morphological differences between some species are limited and 
identification of cryptic species in the complex is reliant on phylogenetic inference. This has 
been based on the ITS, βT-1 and EF 1-α gene regions. Individually, the βT-1 and EF 1-α 
phylogenies do not resolve all of the cryptic species in the complex and some species have 
been supported primarily by ITS sequences. The discovery of multiple ITS haplotypes in one 
of the species, questions the reliability of this region for species definition. In this study the 
efficacy of alternative genetic markers to support existing species boundaries in the C. 
fimbriata s.l. complex was tested. Five gene regions (Calmodulin, RPBII, MS204, FG1093 
and Mcm7) were selected for phylogenetic screening. In addition, genome-wide single 
nucleotide polymorphism (SNP) markers were developed from regions containing species-
specific SNPs. The data obtained were used to construct a cladogram. None of the gene 
regions gave the same level of species resolution as ITS but a combination of MS204, RPBII 
and βT-1 supported the distinction of 11 of the 15 species investigated. The cladogram 
generated from the SNP markers, separated 13 of the species. Overall, the genetic markers 
tested in this study supported the distinction of all but two species in the C. fimbriata 
s.l. complex and revealed the existence of an undescribed species. 
  
Keywords: Ceratocystis, phylogenetics, single nucleotide polymorphism, species 
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*Presenter : Arista Fourie 
Email : arista.fourie@fabi.up.ac.za 
 
 


  915







P 8.1.2 
 
Scientific Theme : 8 Interdisciplinary Symposia 
Session : 8.1 Cryptic species and speciation 
 
Account ID IMC1236  
Abstract ID ABS0756 
 


Species in the Fusarium fujikuroi species complex from decayed and healthy tissue of 
Amaranthus cruentus and three weevil species in South Africa 
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Amaranth grain is a health food and trials are being conducted to establish Amaranthu 
s cruentus for grain production in South Africa. Fusarium species are known pathogens and 
endophytes of Amaranthus and in South Africa are known as root pathogens and from 
discoloured stem tissues of weevil larval galleries of Hypolixus haerens in A. hybridus. The 
aim of this study was to characterise the Fusarium species in the phytopathogenic 
Fusarium fujikuroi species complex (FFSC) that are associated with healthy tissues of A. 
cruentus, weevils (Athesapeuta dodonis, Baris amaranti and H. haerens) in A. 
cruentus fields, tissue discoloration in larval galleries of H. haerens and lesions caused by A. 
dodonis and B. amaranti. Isolations were made from asymptomatic flowers, grain seeds, 
leaves, roots and stems, lesions and discoloured tissue in larval galleries and adult weevils 
from Potchefstroom and Taung, central South Africa. Isolates were identified as the FFSC 
based on cultural morphology and DNA sequence comparisons of the translation elongation 
factor 1α gene region. These originated from asymptomatic roots and stems, tissue 
discoloration in larval galleries and adult weevils. Two new clades representing possible new 
species closely related to F. andiyazi and F. verticillioides, respectively, were identified. No 
isolates were obtained from leaves, grains and flower heads. The impact of these isolates on 
the health of A. cruentus is still unknown and will be assessed in pathogenicity trials.  
  
Keywords: Amaranth grain, Amaranthus cruentus, Fusarium fujikuroi species complex, 
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Recent taxonomic studies including DNA sequence data have revealed incongruence between 
morphological circumscription of species and their phylogenetic reconstruction in several 
groups of lichen-forming fungi. The cosmopolitan genus Usnea is well-known and easily 
recognized by the yellowish beard-like thallus with central cord, but delimitation of 
many Usnea species is difficult due to high variation and complexity of diagnostic characters. 
In this study, we assessed the monophyly of 18 species from section Usnea occurring in 
North America and Europe, including both sorediate and sexually reproducing taxa with 
pendent and shrubby thalli. Six nuclear markers (ribosomal ITS and IGS, and protein-coding 
beta-tubulin, MCM7, RPB1 and RPB2) were sequenced. In this group, all analyzed loci show 
weak genetic structure and short branch lengths in single-locus topologies. These data 
suggest a recent diversification history for the sampled taxa. Analyses of the concatenated 
gene alignments using Bayesian and maximum likelihood approaches recover several distinct 
clades, some representing traditional morphology-based species (U. cavernosa, U. 
silesiaca, U. wasmuthii), while others form clusters of two or more intermixed species (U. 
florida – U. subfloridana; U. fulvoreagens – U. glabrescens; U. barbata – U. intermedia – U. 
lapponica – U. substerilis; U. barbata– U. chaetophora – U. dasypoga – U. diplotypus). The 
status of species within intermixed clusters needs further evaluation with more extensive 
sampling and testing more variable markers before taxonomic consequences can be 
considered. 
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The 1, 3-β-D-glucan (BG), a component of fungal cell wall, currently invasive fungal 
infection biomarker was never explored in fungal peritonitis, despite its significance. 
However, it is possible that bacterial component or toxin might possibly activate the assay 
leading to false positive. Moreover, the cut point of BG in serum, > 80 pg/ml, might not 
proper for fungal peritonitis diagnosis. Then we tested BG in peritoneal dialysis (PD) patients 
with peritonitis diagnosed clinically by cloudy peritoneal dialysate. Fungitell® assay (Cape 
Cod, MA, USA) was used to detect BG in 33 PD fluid (PDF) with cloudy effluent and 7 clear 
PDF. BG from non-peritonitis effluent and from sterile PDF was < 7.8 pg/ml. In contrast, 
approximately half of gram negative (6/12 cases) and gram positive (4/8 cases) peritonitis 
showed BG level > 80 pg/ml, with average level 216±213 and 136±165 pg/ml, respectively. 
However, in fungal peritonitis, average BG level was 493±67 pg/ml, significantly higher than 
bacterial peritonitis. In most of fungal peritonitis (11/12 cases) showed very high BG level, 
523 pg/ml. However, the high BG level also found in bacterial peritonitis (4/12 cases). With 
fungal culture as a gold standard diagnosis, area under the curve of BG level at 130 and 230 
pg/ml were 98% and 99%, respectively. We suggested that BG cut-off level for fungal 
peritonitis show be higher than the current cut point of serum BG for invasive fungal 
infection diagnosis. 
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Amber fossils represent unique insights into the biotas of Mesozoic and Cenozoic 
ecosystems. Apart from diverse arthropods and plants, amber even preserves delicate features 
of soft-bodied microorganisms such as fungi in microscopic fidelity. The exceptional 
preservation in fossil resin sometimes allows a direct comparison of the fossil fungi to extant 
genera. Some amber-preserved fungi may also provide reliable information for molecular 
evolution models. In a recent study, we evaluated all of the oldest available ascomycete 
fossils from Cretaceous to Miocene ambers. The fossil fungi represent five ascomycete 
classes (Coniocybomycetes, Dothideomycetes, Eurotiomycetes, Laboulbeniomycetes, and 
Lecanoromycetes) and may serve as valuable minimum age constraints. We have assembled 
a multi-gene data set (18S rDNA, 28S rDNA, RPB1 and RPB2) from a total of 145 taxa 
representing most groups of the Ascomycota and utilized fossil data solely from within the 
ascomycetes to estimate divergence times with a Bayesian approach. Our results suggest an 
initial diversification of the Pezizomycotina in the Ordovician, followed by repeated splits of 
lineages throughout the Phanerozoic, and indicate that this continuous diversification was 
unaffected by mass extinctions. We suggest that the ecological diversity within each lineage 
ensured that at least some taxa of each group were able to survive global crises and rapidly 
recovered. 
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Lithophytic orchids are often considered as epiphytic orchids growing on rocks. However, 
distinct species are described as lithophytic, such as Sirindhorniaspp. As many lithophytic 
orchids, the three species Sirindhornia mirabilis, S. monophylla and S. pulchella are rare and 
show a restricted distribution range. The three Sirindhornia spp. grow on limestone in 
Thailand at high elevation, and S. monophylla and S. pulchella are endemic to Doi Hua Mot 
and Doi Chiang Dao. Beside the puzzling growth habit of many lithophytic species, few 
studies describe their mycorrhizal associates. Here, we sampled mycorrhizal roots on three 
species and two locations. We show that all three species associate with a wide diversity of 
mycorrhizal fungi. Pezizaceae colonized 43% of root sections and 8 out of the 14 individuals. 
Other mycorrhizal fungi belonged to Tulasnellaceae and Sebacinaceae, and more generally to 
rhizoctonia-like fungi, the fungi usually mycorrhizal on orchids. Pezizaceae were already 
isolated form orchid roots but are barely considered as mycorrhizal associates.  Considering 
the high similarity between Pezizaceae sequences isolated from all Sirindhornia species, this 
association could be rather specialized, at least on the fungal side. Understanding the link 
between these Pezizaceae and these endangered orchid species may promote in situ 
conservation programs. 
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The 21st century has brought a revolution to how we study the diversity of life, with an ever 
increasing amount of molecular data. In parallel, natural history institutions around the globe 
are undertaking major efforts to digitize their collection holdings, adding georeferencing and 
specimen imaging as valuable tools to label data. Broad availability of these data offers 
unprecedented tools to study the evolution, diversity, ecology, and biogeography of plants, 
fungi and lichens in novel ways, such as the integration of molecular phylogenies and species 
distributions into with community phylogenetics, phylogeography, and phenomics within and 
among co-occurring lineages. However, one of the major problems of large-scale studies 
using on-line collections data is the reliability of taxonomic identifications. In North 
America, the principal effort to digitize natural history collections is the Thematic Collections 
Networks (TCNs), started by the National Science Foundation (NSF) in 2010 as part of 
the Advancing Digitization of Biological Collections (ADBC) initiative. The TCNs are 
coordinated by a central iDigBio hub (Integrated Digitized Biocollections) and feature (inter 
alia) shared portals utilizing the Symbotia software platform for plant, fungal and lichen 
collections. Using this platform and associated collections portals as an example, we discuss 
the issue of reliability of taxonomic identifications in digital collections data and how this 
problem can be addressed by applying scores to collections based on their identification 
history, the difficulty of the group in question, and remote assessment by taxonomic experts. 
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Barbara Blasi1*, Caroline Poyntner1, Ksenija Lopandic1, Hakim Tafer1, Katja Sterflinger1 
 
1Biotechnology, University of Natural Resources and Life Sciences, Austria 


  
Contamination of soil and groundwater from men-made compounds is nowadays a 
worldwide spread phenomenon, affecting natural environments´ balance, agricultural 
sustainability and food safety. In the last decades, bioremediation became a valid chance of 
an economically sustainable approach to this growing issue. The aim of our study was to find 
new ways of bioremediation of high polluted sludge, soil and industrial waste gas and, in this 
context, we screened a collection of 163 fungal strains, provided by CBS, belonging to 
different orders of Ascomycetes (e.g. Chaetothyriales, Dothidelaes, Pleosporales) for their 
ability to grow with hydrocarbons as sole carbon source. In particular, hexadecan, toluene 
and polychlorinated biphenyl 126 were chosen as representative from relevant environmental 
pollutants. The fungi were prescreened by a growth test in presence of xenobiotics or glucose 
as carbon sources. Twenty-five positive strains were further analyzed by GC-FID and GC-
TCD for substrate biodegradation and CO2 production, respectively. Exophiala mesophila 
and Cladophialophora immunda, both from the black yeasts´ group in the 
order Chaetothyriales, showed the ability to grow on toluene as the sole carbon and energy 
source, fact that for C. immunda was already known (Prenafeta-Boldú, Myc. Res. 2001). First 
results of transcriptomic and proteomic analysis, which are carried out in order to define key 
processes and enzymes involved in biodegradation, will be presented. 
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The mostly used fungal barcode marker is the internal transcribed spacer region of rDNA 
(ITS). It is well suited for taxonomic identification but the information on the relative 
abundance of taxa is skewed due to the multi-copy nature of rDNA and the existence of ITS 
paralagues. Possible alternatives are single-copy protein coding genes, such as the gene 
encoding the second largest subunit of RNA polymerase II (RPB2). To compare usability of 
these markers the in vitro-assembled mock community of 130 fungal species was created. 
This mixture was analysed by 454 pyrosequencing, chosen mainly because of sufficient 
length of reads. From the species taken to the study, 68 were presented in both datasets, 
whereas 29 (RPB2) and 33 (ITS) were found in one of the datasets only. To show the best 
processing approach considering known inputs, three various clustering algorithms were 
used. In all cases the real numbers of species were exceeded (1,35–2,72 times). Apparent 
intragenomic variation was present within several orders in both datasets. There were found 
considerable differences at the lower taxonomic scale and similar coverage at the higher 
taxonomic level. Remarkably there were clear logarithmical distributions of reads to OTUs 
which prevents using the numbers of reads for quantification OTUs. In 
conclusion the RPB2 was found applicable as a barcode for fungal community studies and 
can serve as a marker supplementary to ITS. 
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Cultural heritage objects are at risk of microbial deterioration. The material typically of any 
historical object, but specifically textiles is susceptible to fungi that are the main deteriorative 
agents. The presented study deals with biodegraded historical and archaeological textiles 
stored in Slovenian museums. It involves an interdisciplinary team of professionals including 
museum curators, textile restorers, mycologists, textile researchers, and chemists able to 
recognize deterioration of valuable cultural heritage objects by adopting advanced 
methodologies from different research fields. Our tasks focus on conservation problems, 
material composition analyses, diagnosing decomposition agents and development of suitable 
approaches to slow down or stop the already long lasting decomposition processes and to 
repair and conserve the historical materials. Non destructive methods applicable to small 
textile samples were used. In addition, indoor air, which is the main vector for the 
transmission of fungi, was monitored. Fungi were isolated and identified from textile objects 
through classical culturing methods and culture independent approaches were used to identify 
involved microbes with the help of DNA barcodes using, for example, pyrosequencing. 
Optical and scanning electron microscopy, Fourier transform and Raman spectroscopy and 
mechanical testing provided information on structure modifications potentially caused by to 
fungal degradation processes. The activity of involved fungal enzymes was determined in 
vitro by using artificially aged textile specimens. 
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Histopathological characteristic of Splendore-Hoeppli phenomenon by haematoxylin and 
eosin staining is hardly differentiate pythiosis from subcutaneous entomophthoromycosis and 
zygomycosis. Regarding the rare-septate hyphal form in tissue of P. insidiosum, causative 
agent of pythiosis, diagnosis is frequently missed, resulting in unsuccessful treatment. Thus, 
the rapid, accurate and definite approach with simple equipment is indispensable for 
diagnosis. Here, the thermophillic helicase DNA amplification (tHDA) was performed using 
new design primers targeting Cox II gene for P. insidiosum and Entomophthorales 
identification. The expected 91 bp amplicon was demonstrated among gDNA of all microbes 
classified in Pythiales and Entomophthorales group with the 10 picogram (pg) and 10 
femtogram (fg) sensitivity for one-step and two-step tHDA, respectively. Neither false 
positive nor false negative was revealed among forty-three tested fungal isolates. After that, 
P. insidiosum can be identified by specific restriction enzyme, obtaining two expected bands. 
In conclusion, we developed tHDA assay, a new reliable and user-friendly tool for P. 
insidiosum and Entomophthorales culture identification and direct from specimens, as well. 
With the advantage of isothermal technology, this assay can be used in any laboratory 
especially the secondary care hospital without PCR machine requirement. Moreover, the 
addition of RFLP step could provide the rapid and definite P. insidiosum diagnosis. 
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