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A new species of Ophiostoma from North
f.merica, similar to Ophiostoma penicillatum

K. Jacobs, M.J. Wingfield, and D.R. Bergdahl

Abstract: Ophiostomaioid fungi thar resemble Gphinsioms pericillmmm were isolated from inscot-infisted sproce {Picea .
Iﬂ_{ﬂu well as Lavrix deciden Mill, (Buropean larch) 6 Monh Amesicn, Isolntes were charaolerized hased o6
manphology s could be separated into two disting groups. Those from spruce in Japan represent €, peniciliorum, and
are characterized by allantoid, slightly curved conidia. The Monh American [solates from Loric desidve are of &
previvusly undescribed species, charncterized by long, nareow conidia. The latter fungus is described s Opidosoma
americas with -an-ananorph, Leplograpiimn smericamin,

Key werds) Ophiostoma penicillaum, fpr typagraphus, Cpkiostom amedcanum, Dendroctonus simplex. Larly decidug

Résumié ; Les autcurs ont bsalé i partir d'un Picea sp, aa Japon et du Larle decidia en Amérique du Mord, des ehamplgnons
ophicitmraldides qui ressemblent b 1'Gphioiroms penicilloram, Les iwolats ool 668 carnctérists wir b bose de s
marphologic et ot pu ére séparés en deox grovpes distineis: Coux provenant du Micew sp. mu Japen correspondent i
", pemicillannm et s crmetérisent par des conddies allomiofdes, ligtrement coarhdes, Les [solats nord-américakng
provenant du Lanx decidier appanicnpont & une. espace jamais décrite, of st carciérinent par de longues et dirofies
comichies, Les puteurs déerivent ce pouvein chansgugnon et e nomme Onhiosmonmt mnerioma aver son nnnmarphe, lo

Leptogrgahium cmeritumam,

Motk oy Ophicsfon perdediloron, fpr hpegraphus, Opldosromes aereanon, Dendescionag tiriplen, Ladis deciaan

[ Tenduidt par b rédacton]

Intraduction

Chrliiastoma penicillatm. (Grosmann)  Siemeseko s well
known in' Europs ss an associste of the desnuoctive back
bestle fps ivpographns L. that infests Picea alies (1) Karst,
[Norway sproce) (Mathiesen 1950 Hopping 1963; Solhetm
1986, 19920, 19920, 1983a), Like mnny species of Cphio-
vtomg and  Ceraforvetis, this funpus has had & confused
taxonomic history since the description of its anamorph
posrnamiand 19300 wisd Jater its teleomorph (Grosmans 1932
Cobdinich 1936; Upadhyay 1981). A peolype was catab-
lishied Tor O peniciliatuee by Solliciom (1986) with allantodd
pscospores, which contrasts the hat-shaped gscospores
reporiesd by other puthors: (Hung [956)

pany- Clphiosfomia species cause bloe stain in vimber and
gomse, such as O whnd (Busman) Nanofclde and £8 nove-
iwimi Brasier, couse sevious diseases of forest irees {Laper-
berg et nl, 1927; Gibbs 1978, 1993; Harrington 1988, 1993;
Rrasier 1991). Chphicstona penicillanom civses blue stain in
spruce and, together with Ceratocystis polonica (Stemaszko)
Morea, 1= associated with the spruce bark beetle [ rypo-
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gpeaphng in Europe (Sollieim 1986, 19920, 1993k 19934
Visser ot al. 1995). Both thess lungi sre responsible for
impairing water conduction in infected trees, although
€. peniciilaem has o low level of vindence in comparisan
with © polonica (Horntwedt e sl 1983), Thermefore, it is
considered 1o be a secondary invader of Norway sproce and
e n primary pathogen [Hoeotvedi e al, 1983; Solheim
19924},

Ophiostomntoid fungi from the Nosthern Hemisphere are
very well studied and ecologically similar (Griffin 1966
Olchowecki and Reid 1974; Upadbyay 1981). Ophilastonma
petriciilanim hes been reported on spocies of pine (Pinar) and
sprice (Picea) Trom varions parts of Eorope (Besoerfeh
1950k Mathiesen-Kafirik 1953; Griffin 1966; Mielke 19817,
although some of these reports are of o dubious nature, There
have nlso been reports of this funges (rom Nanh Americ,
some of which have been retracted and many of the isolates
in questbon have been degsoribed as new species [Davidaon
1958, 1966; Davidson ot el. 1967; Haringion [1987). The
fingus is clearly associuted with I typographus and possibly
other insects in Europe and appears to be restricted to this
niche (Davidson 1958; Homitvedt et al. 1983; Solheim 1986,
19490a, 199348, 195%3a),

Acrecent study of e fungi wesociated with 1w similar amd
related back beetle, [ tvpographug jepomicus Niijima, in
Japan ks shown that O penicilianon:-is a common associaic
of it (¥ amacka et al. 1997), as is the case with L. npograpfur
il Europe. Isolates of a similsr fungus hove recently been
collected from the relaied bark beetle, Jfpr cermibrar Heer
infesting fariv faricing (Du Roi) K. Koch {tamarack) in
Yapan, bui this is a distinct specizs and has been described as
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Table L. Ophiorioma penicilloim-like Solnies used in this study,

Europe {spracel Tapan {sprocel” Morh America (larchi®
CHS 144038 W 2308 CHS 4497 96
CBS 211.67° CHIW 2303 CHS 49896
CHS 441 6% ChW 2305 CHS 4540 56
CHS 210677 ChMW 2646 CRS 50006
ChW 25424 CMW 26T
CMW 2R43 ChW J6ad
ChW 264 CRW 2eeld
CMW 26454

“Callesd by Y, Yamaoia iDeparmment of Plan Fahalogy,
Liniversity of Trukwha, Tennodsi, Teskuba. Tharaki. 305, Japan).

*Colleced by MW, and BB

“Supgplicd by B Centruafbuineai woor Schemmeiciulfores, Baam,
heeeherianads,

“Bapplied by M. Soibeim (Norwegian Forest Research Hhstitute.
Foresi Panology, PO, Bom b1, N-1432, AsNLH. Norway)

&, laricis Van der Westhuizen et al, (Van der Westhuizen
et nl. 1995). Larix decidea Mill. (Evropenn larch) in castem
Murth Amierici i commonly infesed with the bork beetle
Denidroctoms simplex Hopkins. but fungi associated with
this niche have not been sodied. The ainy ofF this study. was
10 compare an Ophissioma species from D, simplec mfesied
L, decidus in Vermont, U5 A, which s periphemlly simi-
tar to &, penicillemm, with O. penicifiarm wolates from
Europe and Japan.

Ma! rials and methods

Tsnlations were mode from 20 bark beedes (8, simplex) collecied
inclividially i gallertes i the supswaod of lanch (L decidva)
Wonh Amariea, Insests wore washed lighily in serile distilled woter
and ploted on 2% MEA (20 g Heolob malt extract, 20 g Rinlub agar,
1000 mal dliseilbeet waterd amemded with 0% cychohexinnide and
009 % strepiomyctn, after onoling o dpproximately 60°C, Individ-
witl beetles wore squashed onto the sorface of sgar plries using a
steribivedd p:ll' o pweezery, and inseot pans Wwerr Spoead acrows (he
surface of the sgar,

All lsolates peed in this siudy (Tabde | ) wre mukntnmesd 0 the
culture eollection of MW, (CMW), amnd represestanve isolaes
buive been deposiied in sccredived myeological culture cillections.

Al messrements were made from caliures sfier growsh s
2550 gn 2% MEA bnthe presence of host i, This was Laner sul-
atiomed with sapwod of Pl pertiela Schlocht. & Cham ., which
also stimulated sporulaten. Measurements were tzken of fungal
pirucrures eooming on the wood tissoe and mpunsed in lsctopheniol
colton blog, Fifty mezmrements of each relevant morphologkcal
sipachine were made minl mnpes and nisans conipuiesd.

All isoliles were expmined using seonping eleciton migromopy,
Agar [rom gponalaing cobomies was fixed jn 3% gluisraldshyde and
0.5% osniium tebroxide o i, | B phoaphate buffer, dehydrated in
w pradad pectone series, amd critcal-poang dried. Specmnens woro
maignted, comled with 2old pallalivm, sod esamined using o J5M
i) scanning eleciron microscope.

Cordinal temperatures. and growth mbes of lsolates from Morth
America (0BS5S 408 96: CBE 499.90) were detormined. Tolnbes
wera grown on 2% MEA in Peud dishes For 5 days in the dark @
temperanes fanging from 5 oo 4050 a0 3°C miervals, Five Peir
dishes, each coprining 30 mL af MEA, weng inocilated with each
Bolate b0 be esed o much of the seven diffonend, lemperatures,
Inocalstivng were with S-mm discs of aear mken froam the sctively
prowing marging of the test bolates, Cyelobemimade wlemnce wos
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determined for the Morth Amencan isolates (CHS 49%.96; CRS
49906 by messuring growth of varioos concentratiens (0, 0.08,
0.1, 0.5, 1. 2.5%) of the antibbotic. Five plales were used for each
isolae at each cyclobexiniide concentration, and the growth of cole-
pics was measared nfter 5 days in-the dark a1 25°C. Colony dinm-
eters werne messared iwice perpendiculor o esch other, end growth
wiis computed a5 an sverage of [0 readings (five plates with two
mesEsarementn per planel.

Results

A morphological comparison of the isolues from [arch and
other related specics of Ophisstowma are shown in Table 2.
[solates of both €. peniciflatum and the species from larch
had Leptographivm anamorphs (Figs. | and 2) and abovoid
conidia (Figs. 3 and 4). The conidiophore lengths of the
Jupanese isolaies from spruce and those of O penicillanm
from Europe were in the same size range. In contrast, the
peorth American isolates from larch were nearly twice ps
long as those of O, penicillamm (Table 25, These ksoluies
also hied considerably fewer branches than O, peniciflarm
(Figs. | and 2}. Conidia of isolates Trom spruce in Japun
were identical in size and shape to those of Q. pemiciflatm
psnlutes Tromm Burope, 1o copteost, comidia of the isolates
Troam lacch in Monh America differed markedly from those
of £8 penicillmmy. Although the latter conidin were allan-
toid, they were longer and narrower than thase of €, penicil-
fatum (Figs. 3—6). These conidin were also considerably
more variable in length than these of O peadcillation (Toble 2),
The length to width ratio of £ peniciiianm Tanped from 2:)
o 31, whereas the ratio for the lirch isolates ranged from
20 o 1180

Isilates from L0 simyiles on L. decidun (niled 1o produce
perithecia in culture snd morphological charncterisics were
obiyingd from perithecin tiken directly from the bark beeile
pallerios.. In contrast, isobdes from Japan produced their
perithecia readily in culture when supplemented with host
materinl. All isolates hod black perithecia with globose
hises, chardcteridic of species of Oplipstima. However,
distimet differenees were founmd in e penthecial dimensions
windd shapes (Figs, 7—=10), BEoropean isolates of £ pesidcil-
fatue Falled 1o produce peritheci in culture and measurg-
ments of these struchmes were obtained from published
deseriptions (Grosmann 19315 Solhebin 1986). Isolates from
spruce in Japan bnd ascospores of similar shape and size o
those charscteristo of O penicillatune. [n both cases, (he
spores were curved and surrounded by a hvaline sheath
(Figs. 9 und 10}, In contrast lo the uniform. shemils of
€. peniciflatum, the ascospores of the North American
fungus had nomimiform sheaths aroond them.: These awcos
spores thus had a rectangular appearance (Fig, 10), Based on
ascospore and comdial characteristics, bost, veclors, and
origin, solates could be placed jmo two distinet groups. Ope
group includes the €. penicilfatum isolstes from sprice in
Europe and Jagamn and the other ineluded olates from larch
in Morth America.

Results of this study lesd s to conelude that the Gaobues
from spruce in Japan and Evrope are similar and generally
fit the description of o8 penfeillanim. The iEplabes From
North America could, however, clearly be distinguished
from this species. After comparison with other similar spe-
cies of this genus, we have concluded that these represent &
previously dndescribed species that 15 described as follows.

£ 1097 SR Canads
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Fhigg. 1 =6, Light and scanning clectron micrographs. of the anamarphs of O pewieillane and O americarmer, Fig, 1, 00 periolilonie
from Jepan, Scule bar = 100 pm. Fig. 2. & americarum from larch, Scale bar = 1K) e Fig. 3. Coeidaa of & pericilfaium from
Jupan, Scole bar = 10 pm. Fig: 4. Conidia of &, americamim, Scale bar = 10 gm. Fig. 3. Conidis and conidiopenoas cells of

{1 wmericaruen from larch, Scule bar = 10 pm. Fig. & Scanning eleétron micrograph of the conidipgenons cells of O qerioiinm
from larch, Scale bar = 18 pm.
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Figs. 7=, Light micrographs of the izleomorpks of O pealiillanem and O americonem, Fig, 7. Perithecium of @, penicillanmen from
Japan. Scale bar = 100 pm. Fig. 8. Peritheciom of (. americanum (rom larch. Scale bar = 100 um, Fig. 9. Ascospores of 0. pemicillizrum
from Japan. Scale bar = I} pm. Fig. 10, Ascospores of 0. awericanue from lanch. Scale bar = [0 pm,

Taxonomy

Ophiostoma americanun Jacobs & Wingfield sp.nov
STATUS aMaMmorrH: Leptographium amerfcams Jaoobs
& Wingfigll
Bases perithociales atme, giobome of glabro-tunicatae, inor-
nstue vel spprsissimn oroptione, 200—370 (¥ = 284.0) pm
diametre, collum fustum wel strom, cylindricum  exigun
spicali ongustntione, leve, 6%0—1300 (¥ = 1027.5) um
longom, S0—70 ([ = 65 pm super basim globosam,
20 =40 (X = 25.5) pm latum gd apicem, hyphse pstinlares
absemies. Ascl prototunicati, hyvalinn, evanescenies. Asco-
PO romiformes, asepdatac, hyulinne, curvatae et in Vagina

investitap, 3.0=-5.5 (F = £57 ® LO-=2.5 (¥ = 1.5} pm
(siné vagiias),

Conidiophara evenientia singulatim vel calervatim, exori-
gntin. direcie ex myeelis, erecin, macronsmatoss, MORo-
nemposa, levia, olivacea vel subbrunnea, 149.0-731.5
(X = 327.5) pm longitndine, rhizoidea absenlin. Stipes
olivaceus vel subbrunncus, bevis, cylindrious, simplex, 3=
20 septatus, 108560100 = 28751 pam longus, (4 primo
sepio  basilart usgie infro primarios ramosf, 4.5-9.0
(X = 5.01) pm latus infra primarios ramos; cellue apicales et
basilares non tumidse. Appurstus conbdiogenus 25.0—77.5
(¥ = 49) pm longes, massa conidice exciusa, tribus vel
quingue serighus romomam cylindricomum; duge  metulae

1997 HRC Camuly
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Table 2. Comparisun of Opkiosreme species similar o £, americarum.

€, americmnun . peniciflam” O, drvogvenidis® Q. elavigerum’
Anatiorgh Lapitag Fetjifeisiin Leprographiim Lepragraphium Leymtographinr anel Cropliium
Conidiophare length (gm) 19 =732 |85 — 440 Up o 380 Up o 1444
Conldial shape Obrvnid o allantoid  Allendoid Cbovnid o clavais Clavate with sepin
Conidial length {umi 35-23 55=-133 a-23 3568
Perithectal neck length (pm)  690— 1300 =500 | 541 — 5l Mo mecks observed

I-55% x 1L.0=235
Eeniform
Absani

Apcospore size {pmi
Ascospone shinpe
Ostnlor hyphac

Remniform
Ahgent

45852 [.5—35 52-70.x 3d=33

3.5=5.0 = 1.8-43
Liks segments of an orange Cocullne
Present Alsent

*Croamann (1931, 1933,
*Bendrick and Molsar 1565,
"Reinsdm-Felleey und Davidsom §1964).

primariae. Cellae conidingenae discretae, 2=3 per ramum,
exigue sttenuatac o basi md apicem, cylindrivae, rectae,
B—30 (%= 14) pm longoe ot 1.0-3.0 (5 = 2.0) um kndae.
Conidia hyaling, aseptara, obovoides vel allantoidea. apice
rotundaio & basibus subtruncatis, 3.5—-22 (¥ = 8.4} um.

noupTyius: PREM 54866,

Colonies with optinnl growih ae 20°C on MEA, renching
31 o i dinmeter in T days. Mo growth below 570 or above
A5%C. Able o withstand high concentrations of cyclobexi-
mide with & 64% reduction in growth on 2.5% cyclohesi-
mide aftor 6 days m1 20°C in the dark.

Perithecia produced [n the galferies of the bark-beetle,
Dendrocionus simpler (Coleoptera: Scolytidae). Perithecial
buses black, globxse und smooth walled, unormmmented or
with very spurse ornamentation, 200=370 (X' = 283.0) ym
in digmeter, neck dark brown o black, cylindrical with s
stight apical taper, smooth, 6901300 (¥ = 1027.5) gm
long, S0—"70 (T = 6.6) pm sbhove globose base, 20—
(¥ = 25,5 pm wide ut the ppex, ostialar hyplae absent
{Figs, & and 1l&). Asci prototunicate, hyaling, evancscent.
Ascospores reniform, aseptate, hyaline, curved aid invested
in a sheath, 3055 (¥ = 4.5) = LO=2.5(F= 1.5) pym
{without sheaths) (Figs, 10 and 1), Shesths nol uniforom,
giving the mscospores a rectangalar appearnce.

Hyphne immersed in mediom with some asrial myeelia,
fyuling to paie brown, smooth, frequently consirictad at the
septa, 1.5—6.0 (¥ = 3) pn diameter, Comidiophores ocour-
ring xingly or in groups, arising directly from e myoehum,
grect, mucroncihalous, monenemntous, smooth, oliveceons
to light brown, 149.0-7315 (¥ = 327.5) pm in length,
thizoids abgent, Stpe olivaceous o ight brown, smooth,
cylindrical, simple, 3—15 septate, 108.5-691.5 (T =
287.5) am long {from first basal septum 1o below primary
branches, 4.5-9.3 (F = 5.0) pm wie below primary
branches; apleal and basal cells not swollen (Figs. 2, 4, and
| Le). Conidingenous apparatus 25.0—TT.5 (¥ = 49) long.
excluding the conidinl mass, with three 1o five series of cylin-
dricnl branches; two primary branches, olivaceois, smooth,
0-1 septate, 95200 (¥ = 14.0) pm long and 3.0-8.0
(F = 4.5) pm wide, secondary branches hyaline o oliva-
ceous, aseptare, 8.0-200 (r = 10.5) pm long. 3-6
(¥ = 4) g wide; tertiary branches hyaling to olivacecus.
aseptate, 6155 (F = 9 pm long, 1.5-6 (¥ = 1.5) pm
wide, quaternary branches aseplate, 4—20 (% = 9) pm long,
1=%{% =3} pm wide. Conidiopénons cells discrete, two or

three per beanch, tpering slightly from the base to the spex.
cylindrical. straight, BE—30 (¥ = 14) um loag and 1.0-3.0
(¥ = 241} pm wide. Conidivm development occurring
thronigh replacement wall bualding with heloblastic ontogeny
and percorrent profiferution and delayved secession giving the
false impression « © sympodial proliferation (Minter et al.
1982, 1983; Yan Wyk ctoal. 19ET) (Figs.-5 snd 6], Conidiz
hyaline, aseptate. sbovoid o allantoid, with o rounded apex
and subtroncate bases, 3,532 00 = B0 pm [Figs, 6 and
I 1), Conidia sccumulsting in slimy droplets at the ppex of
conidinpenous apparatus, becoming pale yellow with age
(Fig. 11e).

SPIECIMENS EXAMINED: Culrofes on 2% mall exwaci agar,
bofated from L, doclda imfeded with D, simplex, Vermont,
USA, Muy 1959, DR, Bergdahl and 8.1, Winghield, PREM
S4EGG {UBS 497 96), holotype. Pacatypes; from L. decidue
infested with £, sfirpdex, Yermont, USA, My 1994, LR,
Berpdih] and M1, Wingficld, FEEM 334867 (UBS 458,965,
PREM 34868 (CBS 499.90), PEEM 54809 (CBS S00.90),

The new spiecies of Selbostonnr frov L deeldi Infested
with [, simglex in North America and described here s
O, americommrm 18 superficially sinilar oo 0, pedeillonam,
Howeover, it can easily be distinguished from the Lamer
species based on morphological churmcteristios of the conidin
and pacospores, Albough O amerdemtie his lnrpe allaniod
eonidin similar 1o those of O, pondelllanom, they are owich
longer wid siarrowver than those ol the latter species TTakle 2},
The ascospores of €. americanum can also be distingoished
frovm those of O0 pericillodas based on the shape of the
sheuiths surrounding the ascospores.. Ruather thin the uniform
sheaths of o8 penicillofon; O omericanum bas ascospore
sheaths that are not uniformly munded, resolting in & rctan-
pular appearance.

Cphiosiema americanum is ane of four specics of Ophio-
stownd with conidin that are at least bwoce and often three or
four times longer than they arg wide, Thie other three specics
with such conidia are O, penicillann, €, dryocoeridis W.B,
Eendr, & Moloar, aod O, elnageram (Bob-Jeffr, & EW,
Davidson) T.C, Hare. The major morphological differences
berween these species are summatized in Table 2. Ophio-
stome elavigersm can be distinguished from 0. amterlcanum
based on differences in the onomorphs. and differences in
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Flg. 11. Line drawings of the apamiorph ard veleomorph of O amerivamm. (A) Perithecium, Scale bar =
I3 pm, (0 Lepdographivm anamorph; Scole bar =

surrounisd with sheaths. Scale bar =

Can, J. Bot Vol 75, 1997

WX} pm, (B Ascospores
Wb o, (D Conidia of different lengths

shiwing the variabilily in conidial length. Scale bar = 10 gm. (E) Leptngemphiarg anonsorph showing the mucilaginous mass of conidia.

11

ascospore shapes (Kendrick and Molnar 1965, Robinson-
Jeifrey ond Davidson 1968; Upasdhyuy 1981}, The. only
species of Opliosiome with large conidia stmilar to those of
). penicilflaim §s O, dryoceetidis assotiated with the bark
bectle Divocoetio confious Swiine oo Abfes lastooarpd
(Hook) Nutl (alpine fir). However, the latter species is dis-
tinguished from O3, penicillane by the presence: of ostiofar

hyphoe on the perithecie, and the conidia of . drvecoetidis
are also considerably larger than those of €, penicillatum
(Kendrick and Maolnar 1965, Opliosioma damericamon i
distinguished from both O, drvocostidin wed €, penicillaom
baend on the difference in length of the conidin,
Ophiostom penicilfatum sppears 1o be an obligate assocl-
are of L. pographs (Sotheim 1986, 1992, 19926, 19934),

& T NRO Canuda
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Itz occurrence in Japan sugpests that it occurs across the geo-
graphic range of this nsect, despite the fact that a distinct
insect variely oocurs in Japan, This insect oceurs on Norway
spruce throughout i1 geographic range, gnd we might expect
that &, penicillanom will be recorded in arcas such ns eastern
Europe and norihern Ching in the foture,

Our interest in fungi essocinted with L. decidua infested
with £¥. simplex from the United States arose from o préevious
study of fungi sssociated with larch infested with [ cembrae
in Jopan {Van der Westhuizen et al, 1995). It is perhaps no
surpristng thit the predominant fungus assoctated with
I}, simplex bears no resemblance to fungi associated with
f, cembrge in Japan, The twe insedts in this case are com-
pletely unrelpied, residing in different geners. Many fungi
nssicizted with bark beetles that infest conifers harbour some
degree of vindlence o the host iree, and the significance of
these fungl as pathogens and their role in ree kitling remains
a matier of debate and contention (Harrington 1993; Solhcim

192, 19925, 1993g). Despite this, i would be of interest

o megiire knowledge regarding the relative wirulence of
0, americanam on £, decidiea in Morth Americs and we hope
1o underteke such studies in the future,
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