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Summary

A survey to identify ophiostomatoid fungi that infect wounds on native Norwegian and Swedish broadleaved trees was undertaken during
summer 2004. A fungus resembling a species of Sporendocladia was commonly isolated from the exposed cambium and inner bark of
wounds. Morphological examination and comparisons of DNA sequence data for the ITS and 5.8S regions of the rRNA gene region led to
its identification as Sporendocladia bactrospora. Pathogenicity trials on young Populus tremula and Betula pubescens trees showed that
S. bactrospora is capable of causing lesions on these trees. There have been few previous reports of S. bactrospora, and in most cases, these
have been as saprophytes on wood. In contrast, results of this study show that it is a common inhabitant of freshly made wounds on native
broadleaved trees in Scandinavia, and it appears to contribute to staining of wood.

1 Introduction

Sporendocladia bactrospora (W.B. Kendr.) M.J. Wingf. is a wood-inhabiting ascomycete, previously known as Phialocephala
bactrospora W.B. Kendr. and originally treated in the Leptographium complex of asexual fungi (Kendrick 1961, 1963; Wing-
field et al. 1987). It is thus the part of a group of fungi generically known as the ophiostomatoid fungi (Wingfield et al.
1993; Seifert et al. 2013). Distinctive morphological differences between S. bactrospora and other species of Phialocephala
and Leptographium led to its placement in the genus Sporendocladia as S. bactrospora.

Sporendocladia bactrospora is characterized by bacilliform conidia produced in chains from phialides with cylindrical
collarettes (Kendrick 1963; Wingfield 1985; Wingfield et al. 1987). Furthermore, the conidia are produced through a process
of ring wall building (Kendrick 1963; Wingfield 1985; Wingfield et al. 1987) similar to that found in species of Chalara and
Thielaviopsis (Nag Raj and Kendrick 1975; Paulin-Mahady et al. 2002). This is in contrast to Leptographium spp., which
produce conidia through percurrent proliferation of the conidiogenous cells (Wingfield et al. 1987).

There are few reports of Sporendocladia spp., with only seven species listed in literature (Wingfield et al. 1987; Sutton
1993) and in Index Fungorum (www.indexfungorum.org). These reports list Sporendocladia spp. from chestnut cupules, leaf
litter and wood (Arnaud 1954; Kendrick 1961; Sutton 1975, 1993; Onofri and Zucconi 1984; Luque et al. 2000) as well as
a report from an unknown host in Japan (Jacobs et al. 2003). Although it is generally suggested that Sporendocladia spp.
are saprophytes associated with dead plant material, S. bactrospora has been reported from the trunks of living Quercus
suber L. trees in Spain (Luque et al. 2000) and Tilia veneers in England (Kendrick 1961) and from the wood of Populus
trichocarpa Torr. & A. Gray and P. tremuloides Michx. in Canada (Kendrick 1961; Griinig et al. 2002).

Species of Ophiostoma and Ceratocystis are often referred to as the ophiostomatoid fungi, due to the previous confusion
in their taxonomy and their similar biologies (Wingfield et al. 1993; Seifert et al. 2013). These fungi include some of the
most important and devastating tree pathogens known, including the Dutch Elm disease pathogens, Ophiostoma ulmi
(Buisman) Melin & Nannf. and 0. novo-ulmi Brasier (Hubbes 1999; Brasier 2000), Ceratocystis fagacearum (Bretz) ]. Hunt,,
the cause of oak wilt (Henry 1944; Sinclair et al. 1987), and C. platani (Walter) Engelbrecht & Harrington, the cause of can-
ker and death of plane trees (Walter 1946; Panconesi 1981; Anonymous 1986). Despite the importance of the ophiostoma-
toid fungi, relatively little is known about their diversity or geographic distribution, especially on broadleaved tree species.
Reports from Scandinavian countries include mainly ophiostomatoid fungi on coniferous hosts. A study was therefore
undertaken to identify the ophiostomatoid fungi present on native broadleaved tree species in Norway and to gain knowl-
edge of their relative importance. These investigations let to the collection of several ophiostomatoid fungi (Roux et al.
2005; Fouche et al. 2007; Kamgan Nkuekam et al. 2010), including a fungus resembling a Sporendocladia sp. The aim of
the present study was to identify the fungus, to consider its possible pathogenicity and to assess its potential role in
disease of native broadleaved trees based on its association with wounds on these trees in Norway.

2 Materials and methods

2.1 Fungal isolates

During the summer of 2004, three sites in Norway and one in Sweden were surveyed for the presence of ophiostomatoid
fungi on native broadleaf trees. Sampling was conducted over a period of 2 weeks in June. The sites sampled included a
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sawmill near the town of As, a sawmill near Svenneby, standing trees adjacent to Arungen Lake near the town of As (all in
Norway) and a loading bay near Filipstad in Sweden. Ophiostomatoid fungi were collected from recently harvested logs at
the sawmills and loading bays as well as from artificially induced wounds made 6 weeks prior to the surveys, on the stems
of standing trees of Populus tremula L., Betula sp., Quercus sp., Salix sp. and Sorbus aucuparia L. The tree species targeted
for artificial wounding were chosen because they were the most commonly occurring broadleaved trees in the Arungen
Lake area near the town of As in Norway. Logs surveyed in sawmills and loading bays were from P. tremula and Betula
pubescens Ehrh., because these were the only species harvested at the time. Artificially induced wounds on standing trees
were made using an axe to remove a strip of bark to expose the cambium (Barnes et al. 2003). A slit (1-5 mm thick) was
also made into the xylem at the centre of the patches of exposed cambium where the bark had been removed. The wounds
were approximately 5-10 cm?, depending on the size of the tree wounded. One wound was made per tree at breast height
(DBH). Trees ranged in diameter from 10 to 20 cm. Depending on the availability of suitably sized trees, one to ten trees
for each of the above-mentioned five species at Z\rungen Lake were wounded. All wounded trees were investigated for the
presence of possible ophiostomatoid fungi, 6 weeks after the wounds were made.

Isolations were made from all fruiting structures that resembled those produced by ophiostomatoid fungi and which
were growing on the bark and cambium of wounded standing trees and harvested logs. Spore drops or mycelial strands
from fruiting structures were plated onto 2% malt extract agar containing 100 mg/l streptomycin (MEAS) (Sigma,
Steinheim, Germany) and incubated at room temperature (~20°C). Isolates were purified by transferring single spore drops
to fresh unamended MEA. All isolates are maintained in the culture collection (CMW) of the Forestry and Agricultural
Biotechnology Institute (FABI), University of Pretoria, and the culture collection of the Norwegian Forest and Landscape
Institute (NFLI) with a subset deposited with the Centraalbureau voor Schimmelcultures (CBS), Utrecht, the Netherlands.

2.2 Fungal identification

Isolates of a fungus resembling a Sporendocladia sp. were examined using a Carl Zeiss microscope with a Zeiss Axio vision
camera system (Oberkochen, Germany) to confirm their identity. Fungal material was mounted in lactic acid (85%) for the
light microscope studies. Descriptions of Sporendocladia (Wingfield et al. 1987) and morphologically similar genera such as
Leptographium (Jacobs and Wingfield 2001) and Phialocephala (Kendrick 1961; Wingfield et al. 1987) were used to charac-
terize isolates.

Comparisons of DNA sequence data were made to confirm the identity of the isolates resembling Sporendocladia. Two
isolates of the Sporendocladia-like fungus from broadleaved trees sampled in Norway were grown on MEA plates for
14 days. Mycelium was scraped from the agar surfaces using a scalpel and ground to a fine powder using liquid nitrogen
and sterile mortars and pestles. DNA was extracted from the ground mycelium using a modification of the method
described by Moller et al. (1992) and as published by Roux et al. (2006).

The internal transcribed spacer (ITS) region and the 5.8S gene of the ribosomal DNA (rDNA) operon were amplified
using the primers ITS1 and ITS4 (White et al. 1990). In each microcentrifuge tube, 1 pl of MgCl,, 2 pl DNTP’s, 2.5 pl buffer
with MgCl,, 0.5 pl primer, 17 pl water, 2 ul DNA and 0.5 pl Taq were added. The PCR programme was the same as that
described by Roux et al. (2006). All PCR products were separated on a 1.5% agarose gel, stained with ethidium bromide
and visualized under UV illumination. Sizes of amplicons were estimated using a 100-bp molecular weight marker (XIV)
(Roche Diagnostics, Johannesburg, South Africa). Prior to sequencing, the PCR products were cleaned using the high-pure
PCR product purification kit (Roche Diagnostics, Johannesburg, South Africa).

Purified PCR products were sequenced following the methods of Nakabonge et al. (2006) using the Big Dye Terminator
Cycle sequencing reaction kit (Perkin-Elmer Applied Biosystems, Foster City, CA) following the manufacturer’s protocols.
Sequences were run on an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems). Primers ITS1 and ITS4 were used to
sequence both strands of the amplicons.

DNA Sequence data were aligned online using MAFFT (multiple alignment program for amino acid or nucleotide
sequences), version 5.667 (Katoh et al. 2005) (http://timpani.genome.ad.jp/~mafft/server/) and thereafter checked manu-
ally. Sequence analyses were carried out using MEGA, version 5 (Tamura et al. 2011), and PAUP (Phylogenetic Analysis
Using Parsimony), version 4.0b10 (Swofford 2002). The Heuristic search option in PAUP was used to generate phylogenetic
trees. Sequences were analysed using parsimony, with the most parsimonious trees generated by heuristic searches, simple
addition and Tree Bisection Reconstruction (TBR) branch swapping, with MULPAR effective. All missing, constant and unin-
formative data were excluded from the analysis. A bootstrap analysis using a 1000 replicates was performed (Felsenstein
1993). For the phylogenetic analysis, Hypocrea americana (Canham) Overton (Hypocreales) was used as the outgroup
taxon.

2.3 Pathogenicity studies

To investigate the possible pathogenicity of the Sporendocladia-like fungus, B. pubescens and P. tremula saplings were inoc-
ulated under field conditions in Norway with four selected isolates of the fungus (CMW17908/NFLI2004-466/0141,
CMW17910/NFLI2004-466/0283, CMW17912/NFLI2004-466/0201 and CMW17913/NFLI2004-466/0461). Ten B. pubes-
cens saplings, five at each of two sites near the town of As, were inoculated for each fungal isolate, while eight saplings
(four at each site) served as controls. Ten P. tremula saplings for each isolate at a single site were also inoculated with the
fungus, with four saplings serving as controls. All trees were 4-5 years old, with diameters at the point of inoculation at
~1-2 cm and heights of between two and three metres. Inoculations were carried out using 10-day-old fungal cultures.
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Discs of agar (3 mm diameter) overgrown with the test isolates were placed into wounds of equal size created with a
metal cork borer. Plugs were placed into the wounds in such a manner that the mycelium faced the cambium. One inocula-
tion wound was made per tree. Wounds were closed with Parafilm to prevent desiccation of the wounds and agar plugs.
Control treatments were inoculated with plugs of sterile agar.

The development of lesions was evaluated, and lesions were measured after 6 weeks at which time re-isolations were
also made from the resultant lesions. The lengths of the lesions produced in both the bark and cambium were measured.
Results were analysed statistically using the GLM procedure in SAS (SAS Institute Inc 1999). All data were tested for their
agreement with the normal distribution and analysed according to the general linear model (GLM). Adjustments for
multiple comparisons were made using the Bonferroni procedure and variation between isolates tested at 95% Confidence
limits.

3 Results

3.1 Fungal isolates

Grey-to-blue mycelial mats were observed on the cambium surrounding wounds made on the stems of living trees, as well
as on the cut ends of sampled logs where the bark had been damaged. Isolations made from these mats yielded several
fungal genera including a fungus resembling a Sporendocladia sp., as well as species of Ceratocystis, Ophiostoma and Thiel-
aviopsis (Roux et al. 2005; Fouche et al. 2007; Kamgan Nkuekam et al. 2010). A total of 18 isolates of the Sporendocladia
sp. were collected from Betula spp., P. tremula and Quercus sp. trees sampled from locations in Norway and south-western
Sweden (Table 1). Four of the Sporendocladia isolates obtained from Quercus sp. and P. tremula at Arungen were obtained
from standing trees, while the other 14 isolates were collected from logs at sawmills and in loading bays.

3.2 Fungal identification

While having the peripheral appearance of a Leptographium sp. with dark mononematous conidiophores, the Sporendocl-
adia-like fungus isolated from broadleaved trees in Norway and Sweden had very distinct, tubular collarettes at the apices
of the conidiogenous cells. Conidia accumulated in slimy masses at the apices of these conidiophores. Closer examination
revealed cylindrical conidia with truncate ends produced in chains. Based on morphology, this fungus was identified as
Sporendocladia bactrospora.

Phylogenetic analyses comparing sequences for the isolates from Norway with those of published, related species
obtained from GenBank (Table 2), confirmed the identity of the isolated fungus as a S. bactrospora (Fig. 1). Isolates from
Norway showed a 100% sequence homology for the ITS region to that available in GenBank. One tree was obtained from
the heuristic searches, using 443 parsimony informative characters. The consistency index (CI), retention index (RI) and
rescaled consistency index (RC) values for the consensus trees were 0.551, 0.613 and 0.338, respectively. Our results also
confirmed previous reports (Jacobs et al. 2003) that S. bactrospora resides in the Microascales. Of the genera included in
the analyses, S. bactrospora isolates grouped most closely to fungi in the Ceratocystidaceae and Gondwanamycetaceae
(Seifert et al. 2013), as well as Custingophora olivacea Stolk, Hennebert & Klopotek (Fig. 1).

3.3 Pathogenicity studies

Distinct lesions developed on both B. pubescens and P. tremula saplings after inoculation with S. bactrospora (95% Confi-
dence Limits). Lesions in the xylem (Fig. 2), in the form of light-to-dark brown streaks, were much longer than those
produced in the bark (Fig. 3). Other than those produced in the xylem of P. tremula, lesions produced were significantly
different from the controls. For the xylem lesions, there were no significant differences between the two hosts or between
the isolates used (95% confidence limits; Pr < 0.0001). Lesions on the bark of P. tremula were generally longer than those
on B. pubescens; however, this was not supported statistically for all isolates (95% Confidence Limits; Pr < 0.0001). The

Table 1. Sporendocladia isolates collected during a study of wounds (on standing trees and logs) on native broadleaved trees in Norway
and Sweden.

Host Area Tissue type Number of isolates’

Betula sp. Arungen, Norway Living, standing trees 2/9 (22)
Filipstad, Sweden Logs in loading bay 1/20 (5)

Populus tremula As, Norway Logs at sawmill 3/7 (43)

P. tremula Arungen, Norway Living, standing trees 1/1 (100)

P. tremula Svenneby, Norway Logs at sawmill 10/23 (43)

Quercus sp. Arungen, Norway Living, standing trees 1/4 (25)

1First number reflects the number of trees from which Sporendocladia isolates were obtained, and second number, the trees of each

species from which ophiostomatoid fungi (including S. bactrospora) were isolated. The proportion of trees that yielded ophiostomatoid

fungi and from which S. bactrospora was isolated is presented in brackets.
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Table 2. Isolates used in phylogenetic study of ITS sequence data obtained from GenBank.

Species GenBank accession number
Ceratocystis fimbriata AY157956
C. moniliformis AY529000
C. polonica AY233925
Corollospora fusca JN943385
C. maritima JN943387
Custingophora olivacea AM267269
Graphium basitruncatum EF165016
G. penicillioides AB038432
Gondwanamyces capensis EU660447
G. scolytodis AM267268
Hypocrea americana DQ491488
Microascus manginii JN942891
M. trigonosporus AM774156
Petriella setifera AJ784398
P. sordida GU586850
Pseudallescheria boydii AY877359
Scopulariopsis brevicaulis JN942890
Scedosporium aurantiacum AB461361
S. dehoogii ]Q302817
Sporendocladia bactrospora AF486123
S. bactrospora AF486130
Sporendocladia NORWAY3

Sporendocladia bactrospora AF486123
100 Sporendocladia bactrospora AF486130
Sporendocladia NORWAY?2

Custingophora olivacea AM267269
Gondwanamyces capensis EU660447
T { Gondwanamycetaceae
99 Gondwanamyces scolytodis AM267268
Ceratocystis polonica AY233925
100 _|: Ceratocystis moniliformis AY529000 Ceratocystidaceae
Ceratocystis fimbriata AY157956
Graphium basitruncatum EF165016
{ Graphiaceae
100 Graphium penicillioides AB038432

[ Microascus manginii JN942891

Scopulariopsis brevicaulis JN942890

—— Microascus trigonosporus AM774156
% _EPetrieI/a sordida GU586850

— Petriella setifera AJ784398

Scedosporium dehoogii JQ302817

Pseudallescheria boydii AY877359

Microascaceae

Scedosporium aurantiacum AB461361
Corollospora maritima JN943387
{ Halosphaeriaceae
98 Corollospora fusca JN943385

Hypocrea americana DQ491488 Hypocreales

—
0.05

Fig. 1. Maximum likelihood tree of ITS 1 and ITS 2 gene regions including the 5.8S operon produced using Mega. Hypocrea americana was
used as the out group taxon. Bootstrap values above 80% are indicated below the branches.
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diseased and dying Q. suber trees. Stem inoculations using S. bactrospora showed that it could produce lesions on these
trees, although it did not result in seedling mortality. The study of Luque et al. (2000) also considered the impact of envi-
ronmental stress, such as water stress, on potential disease development, showing that increased water stress resulted in
decreased lesion sizes for S. bactrospora. Our inoculation studies showed that S. bactrospora has the potential to result in
significant stain of the xylem of young B. pubescens and P. tremula trees. Further studies are, however, required to under-
stand the role of this fungus on living trees and also how it moves from one tree to another. Given the ecology of related
fungi such as the anamorphs of Ceratocystis spp., it seems likely that sap-feeding insects carry it from one tree to another.

Jacobs et al. (2003) showed, based on SSU and LSU DNA sequence data, that S. bactrospora resides in the Microascales.
Of the four genera included in their study, S. bactrospora grouped most closely with Ceratocystis spp. In the present study
where we used sequence data only to confirm the identity of this fungus, we included twelve genera in the Microascales.
Results confirmed that Sporendocladia is a member of the Microascales and has a closer relationship with species of Cerato-
cystis, Gondwanamyces and Custingophora than with Graphium and Petriella spp. No sexual state is, however, known for
S. bactrospora, and efforts to induce one in this study have failed.

This study confirms that S. bactrospora, initially considered a colonist of dead and rotting plant material, could play a
role in tree disease and that it deserves further consideration. Its ecological role on trees should be investigated in greater
detail, especially its potential to cause economic damage to timber. Results have considerably expanded available knowl-
edge for a little known fungus, which is worthy of further study.
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