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Abstract Y

Intraspecific and interspecific variation in ITS scquences of ribosomal DNA was
studied among different genets (clonal lines) of Amylosiereum arcolatun, A. chailletii
and A. laevigatm, No intraspecific variation was found within A. chailletii and A.
{aevigaium isolates. The sequences of A. areolatum isolates from Denmark and
Sweden were also identical, but differed from Lithuanian $irain by a single base. High
sequence homology (>'97 %) was revealed amofg the three speeics from the genus
Amylostereum. Results of the study indicated a closer relationship between A.-
chailletii and A. laevigatum, than between the latter two specics and'A. areolatum.

Introduction

In Europe, the basidiomycete genus Amyplostereum Boid. (family Stercaceae Pilar)
consists of three specics, A. areolatum (Fr.) Boid., A. chailletii (Pers.: Fr.) Boid., and
A. laevigatum (Fr.) Boid,, which inhabit wood of various conifcr trecs (Eriksson &
- Ryvarden, 1973; Eriksson ef al,, 1978; Jahn, 197%; Breitenbach & Krinzlin, 1986).
All three specics arc completely intersterile and produce basidiospores that posscss
tetrapolar outcrossing mating systems {Boidin & Lanquetin, 1984), Desides spread by
airbomne basidiospores, 4. areolatum and A, chailletii arc additionally. distributed by
siricid woodwasps as oidia or arthrosporcs (vegetative mycelium) (Stillwell, 1966;
Coutts & Dolezal, 1969; Kobayashi ef al., 1978; Thomsen & Koch, 1993, 199%;
Thomsen, 1996). N .
In pature, fungal spread by vegetative propagules may result in - formation of
vegetative compatibility groups (VCGs) that are genctically isolated from cach other
and consist of spatially separated isolates (Anderson & Kohn, 1995). In fact, VCGs of
A. areolaium (carried by Sirex juvencus L) and A. chailletii (carricd by Urocerus
gigas L.) have alrcady been detected in northern Eurepe (Thomsen, 1996; Thomscn
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template, were prepared in every serics of amplification in order 1o exclude the
possibility of contamination. Clecrophoresis of PCR products was carricd outona 1.0
9% agarose gel (LE-agarosc, FMC BioProducts, Rockland, USA). Cach PCR product

was cleaned using the QIAquick PCR purification Kit ﬁo_>_o.mz Inc., Chatsworth,
USA).

Sequenees were determined with an’ Applicd Biosystems {Foster City, CA, USA) 310
scquencer with the Tag DyeDeoxi Terminator™ cycle systerm (Perkin Elmer), using
cach of the primers ITS1, 1TS2 and 1TS3 (White e al., 19903, the alignment of the
sequences was performed manually. The whale procedure of TS amplification and
sequencing was performed twice forall isolates with identical results.

Results
A single product of uniforn size resulted lrom all PCR amplifications, corresponding
to approx. 600 bp in size (data not shown). There was no intraspecific variation in the

ITS region of studied A. chaiflerii and A. laevigatum isolates. 1TS sequences of A.

areolatum isolates [rom Denmark and Sweden were also identical, but differed from
Lithuanian strain by a single basc (A — G) at 279 bp position.

Aligned scquences of the ITS region of all three species arc ‘presented in Fig. 1. In
gencral, high sequence homology. (> 97 .%) was revealed among the three
Anrylostereum specics, Thus, similarity in the ITS region between AA. chailletii and A.
laevigatum was 98.8 % (7 variable sites), between A. chailletii and A. areolatum 97.2
% (16 variable sites), and between 4. laevigatim and A. areolatum 974 % (15
variable sites). However, when proportion of similar sites between A, chailletii and 4.
laevigatum was compared by L-test with that betwsen A. chailletii and A, areolatum,
the dilference was statistically insignificant {x* = 3.80, p > 0.05). Therefore the area
sequenced was too similar to resolve clearly the question of the relationships between
the three species. Despite that it indicated that A. chailterii and A. laevigatum might
be more closely relatesd than A. chailletii and A. areolatum. _

Discussion 5 .

In the present study, identical intraspecific ITS sequences of IDNA are reported for A.
chailletii and A. Inevigatum, Nearly identical intraspecific sequences were found in A.
areolatum (within specics variation was at ‘one nucleotide site). Except for A
laevigatum, isolates of the species studied were collected within rather large
peographical scale (Table 1) and were separated in naturc by ca. 800 km and open
scas. In addition, examined strains of A. areolatim and /L. chailletii represented clonal
lineages that are geneticatly isolated within each species (Vasiliabiskas ef al., 1998).

In other studies, no intraspecific variation was found in the ITS region among isolates
from ectomycorrhizal basidiomycetes Cortinarius armillatus (collected ca. 350 km
apart) and C. _SNQE.W {collected ca. 650 km apart) (Kdren e al., 1997). In Suillus
tuteus, only one base difference was detected even between isolates originating from
Europe and North America (Kretzer et al., 1996).
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Fig. 1. Aligned sequences of the ITS region of Amylostereum areolatym {A.A), A

chailletii (A.C.), and A. laevigatm (4.L.). Site differences within the genus
Amylostereum arc underlined. Site change within the specics ™ 4. areolatum
(279 bp) indicated by arrow.

Cespite a wide geographical range of collected strains, interspecific variation within
the penus Amylosterenm (among the three species studic

n_v:\mm,..nQ_o._<.nmvnn_.==«:,
compared with TS sequence variation observed in other basidiomycete macrolungi.
Thus, it approximated 1o intraspecific variation reported within certain species of

Lentinus (Hibbet & Vilgalys, 1993), Cantharellus and Craterelius (Feibelman ef al.,
1997), Pisofithus (Anderson et al., 1998), and European Armitlaria (Chillali er al.,
1998). Rather similar level of ITS sequence variation was noted also wnreny
intersterile groups (biological specics) within complexcs of Heterobasidion {Kasuga

et al., 1993; Kasupga & Milchelson, 1993), and that of North American drmitlaria
(Anderson & Stasovski, 1992).

The present study show

ed that more similarity in ITS nucleotide sequence exisls
betwe

cn A. chaiffetii and A. laevigarum, than between A. ehailletii and A. arcolatum.
This was unexpected for several reasons. First, both A. chailletii and
Europe commonly occur on wood of the same host, ¢.g. spruce (Picea) (Eriksson &
Ryvarden, 1973; Eriksson er al., 1978; Breitenbach & Kriinzlin, 1986). In contrast, 4.
laevigatum has a very distinctive host range and grows only on wood of Juniperus,
Taxus and Thuja (Eriksson & Ryvarden, 1973; Jahn, 1979; Breitenbach & Krinzlin,
1986). Second, decay patterns in spruce of both A. chailletii and A. areofatum arc
very similar (Vasiliauskas, 1999). Third, both A. chailletii and A. arealatum are
symbiotic with siricid woodwasps, whercas A, laevigatum is noy (Talbot, 1977). In’
insect-associated ascomyeetes, for example, related taxonomic lineages were thought

to diverge depending on association with different beetle species (Blackwell & Jones,
1997).

A. areofatum in

Some evidence is available to su

geest that A. chailletii and . laevigatim are more
close

ly related to cach other than to A. areolatum. Thus Boidin & Lanquetin (1984)
proposed to expand the genus Amylostereum and 1o include the trapical specics, 4.

%.._..12::mn_,r.n.O:FZu::mﬁmG:mamroiz_:m: A. \m:.,.n:a was partially fertile
both with A. chailletii and with A. laevigatum, but was completely intersterile with A.
areoleium (Boidin & Lanquetin,

1984). In the recent study, mitochondrial small
subunit rtDNA and the imergenic sp

acer region of the nuclear IDNA of Admylostercum
species were sequenced, and it was found that A, /

eavigatum and A. ferrewm are
phylogenetically more closely related 1o A. chailetii than to 4. areolatum (Slippers et
al., 1998).

A. faevigatum in Europe was suspected 10 contain two different taxa - one occurring
on Juniperus and possessing shorler basidiospores, and another oceurring on Taxus
and Thuja with the longer basidiospores (Eriksson & Ryvarden, 1973; Hailenberg &
Hallingbick, 1974). Despite the fact that both forms appeared to be complctely

45§
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intersterile (b lallenberg & lallingbick, 1974), it might be of iaterest in future sludies
lo consider genctic variation among both types of A. laevigatum (in this work only
isolates from Thuja were included), and also 10 include strains of A. ferrewm,

Acknowledgements

We wish 10 thank Dr. [ben M. Thomsen for useful comments on the manuseript. The Swedish
Institute supported the study with a scolarship for 1. Vasiliauskas.

Literature

Anderson, 1.C., Chambers, §.M, & Cairney, 1.W.G. (1998) Molecutar determination of genctic
variation in Pisolithus isolates from a defined region in New South Wales, Australia,
New Phytologist, 138; 151-162,

Anderson, J.13. & Kohn, .M, (1995) Clonality in swilborne, pl
Review off Phytopathology, 33: 369391

Anderson, 1.3, & Stasovski, E. {1992) Molccular phylegeny of northern h
Armiliaria. Mycologia, 84: 505-516, -

Btackwell, M. & Jones, K. {1997) Taxonomic diversity and interactions of insect-associated
ascomyccetes, Biodiversity and Conservation, 6: 689-699.

Boidin, J. & Languetin, P, (1984) Le penre \?caa.:n..«nzé (Basidiomyceres) intereompatibilités
particlles entre espices allopatrigues. Bulletin de 1a Socicté Mycologique de France, 100:
211-236. .o &

Breitenbach, J. & Krinziin, F. (1986) Fungi of Switzerland. Volume 2. leterabasidiomycetes,
Aphyllophorales, Gasteromycelcs. Verlag Mykologia, Luzern, 412 pp.

Brons, T.D., White, T.J. & Taylor, 1.W. (1991} Fungat molecular systematic. Annual Review of
Lcology and Systematic, 22: 525-564.

Chillali, M., Wipf, D., Guillaumin, 1.J., Mohammed, C. & Botton, B. (1998) Delineation of the
European Armittaria species based on the scquences of the internal transcribed spacer
(ITS) of ribosomal DNA. New Phytelogist, 138: 553-561. !

Coulls, M.P, & Dolezal, J.C. {1969} Cmplacement of Tungal spores by the woodwasp, Sirex
nociilie, during oviposition. Foresy Science, 15; 412-415.

Lriksson, J,, Ijortstam, X. & Ryvarden, L. (1978) The Corticiaceac ol Nosth Euzope. Volume
5, pp. 890-893, Fungiflora, Oslo.

Eriksson, J. & Ryvarden, L. (1973) The Corticiaceae of Norlh Europe. Volume 2, pp. 91-95.
Fungiflora, Oslo. B

Feibetman, T.p, Doudrick, R.L., Cibula, W.G. & Bennen, W, (1997) Phylogenctic
relationships within the Cantharellaceac inferred from scquence analysis of the nuclear
large subunit rDNA. Mycological Research, 101: 1423-1430,

Gardes, M., White, T.j., Fonin, J A, Bruns, T.D. & Taylor, J.W. (1991) Identification of
indigenous and introduced symbiotic fungi in cctomyecorrhizae by amplification of
‘nuelear and tritochondrial ribosomal DNA. Canadian Joumnal c_.:cm_:w. 69: 180190,

Iallenberg, N, & 11 ingllck, T, (1974) Interfertility and polarity in Admylostereum laevigatum
(Fr.} Boid. and Peniophara fycii (Pers) Hoha, ot Litsch, Gachorgs Svanpklubs
Aesskaitt; 18-21.

Hibhet, .S, & Vilgalys, R. (1993) Phylegenetic relationships of Lentis (Basidiomycoting)
inferred from molecular and morphological characters. Systematical Botany, 18: 409-
433,

Jahn, 11 (1979) Pitze dic an Holz wachsen, Bussesche Verlagshandlung, Herford. 268 PP.

Karen, O, Hbgberg, N, Dahlberg, A, Jonssen, L. & Nylund, J.E. (1997) Inter- and
intraspecific variation in the ITS region of DNA of eclomycorthizal fungi in
Fennoscandia as detected by endonuclease analysis. New Phytologist, 136: 313-325.

ant-pathogenic fungi. Annual

emisphere specics of

161

Kasuga, T. & Miichelson; K. (1993) Determination of the DNA sequence o._. the u.mm_ n._wowhz.m_m_w“

umvnsm of Heterobasidion annosum and Heterobasidion aeraucariae. Nuc n_m ci
e - S . basidion annostm 5.8s
Kasuga, T., Woods, C., Woodward, S. & Mitchelson, K. (1993) b.m..mzu a..,“_ _Mh, il .cw

e INA i i sequence: rapid identi i
bosomal DNA and internal (ranscribed spacer en 1
m__wcmun:: intersterility groups by ribosomal DNA restriction polymorphism. Current
i 4: 433-436. . . . . &
Koba Mn_“n:%m. mmumurm K. & Cnda, N. (1978) Correlation cﬁiﬂ.:._ Sirex _q_wuon__.a_:_.._
° %p?%.__.o._.__.mwﬁ._:: nwh.o___a_:::. associated with the death of Japanese pine trecs during winter
S0Ci 1405-941.
al ol the Japanese Forestry Socicty, 60: 40541 .

LTl mnﬂc:—. .m_o.“.zﬁmh_ﬂcaﬁ?m. & Bruns, T.D. {1996} Intcrnal :u:mn:cnm_ spacer mnﬁ_:a:n.."m
7?:5_.._..0:_.. u\m. E..ecw._:wma specics of Swillus sensu lato: phylogenetic and laxonomic
implications, Mycologia, R8: 776-745. ' o
..::%n“_ws_u_w_n;_.,_Mm_“wn:n__m.cZr_ Coutinho, T.A & Winglicld, B.D, A_“oo.mu M:n L;M_“.H_J... ;_h”___
’ ossib P i [ Sirex noctilio in Soul rica, ln:

ible origin of the Amplosterenm symbiont o i o
Wn”mm__uﬂnn_mﬂ_.m:n h International Congress of Plant 'athology, Bdinburgh, Scotland 9-16
L 1998. Volume 3 (3.7.55). ) » ) .
w::éa\_’_:ﬂ“m\a {1966} Woodwasps (Sigicidae) in cenifers and the associated fungus, Steretm
ailletii, 2 i 12:121-128.
hailletii, in eastern Canada. Forest Science, . e y
.ﬁu_ccnn yﬂ_%___w.. (1977) The Sirex-Amylostereum-Pinus  association.  Annual Review of
. thology, 15: 41-54, - e .
._.ronﬁﬂ_-“w;_cﬂ_ N_c%mw Amylosterewm areolatem and Aoy fosterewm n..:a;mn.m_. 3% _d“h_u“w:”_m_.“_rh
c_..in.,oh_.immﬂm (Sirex sp. and Urocerus sp.}. Ph. D. thesis, ,Ou:_msxm.o—nﬂ and Lan p
i - 130 pp. - .
Research Inslitute, 1orsholm, Denmark ¢ a .
.;oaunm LM. (1998) Characters of fruitbodics, basidiospores and mm_.__ﬂ““.“mww.n:__ for
S ! itletii. Mycotaxon, 69: 3.
ng Amylosterenm areolatum and A. chailletii o, & ) ]
.;oa_mnnn_.n_u o_mﬁw_bmmgw. 1. (1993) Amylostereum areolatum og A. chailletii - to ejendommelige
lsvam jotra: | 3 28: 23-25. .
dsvampe pd naletrxe | Danmark. Svampe, :23-25. .
._.:o_sm_.n»q._ EH_.N__S uk.._..xon__ 1. (1999} Somatic compatibility in \?c.__ouawnzmﬁ Mwnch.n:..w.._ and A.
illeti Ty ical Research, 103 {in press).
itletii bionts of siricid woodwasps. Mycological 103 {in A
<mwm=mn~“_“ﬂﬂw..ﬂ. mnm__.woﬁ Spread of Amylostereim areolaimn and A. Q_E.._.__m:.. deeay in living
. { Picea abies. Foresiry, 72 {in press). )
v .:._m_nmmu.mmo_ﬂ..pﬁ Stenlid, J. (1999) Vepgetative compatibility Broups of \rzthe.q_.mmn.z.‘_h”
* hwma._.n.::a. and A. chailletii from Sweden -and Lithuania, Mycological Rescarch, 103 (i
<3=:_WH_M“W. R., Stealid, 1. & Thomsen, 1.M. (1998) Clonality and genetic “ﬁ_wﬂ“cdw%
.._A_Sia.."a_..m::_ areolatum and A. chailletii from northern Europe. New Phytelogist, H
White q.m_.._._.qm_m“&:m T r‘nn. S. & Taylor, J. (1990} Amplification and Eqnﬁ.mma:n:om_”_m MM.
_ .::.Hr.n.__ q.._Em-.::p._ RNA genes for phylogenctics. In: PCRR Ec.cnn.v_m.” p.n_._Hn_n.“.,e._E”E__n..n
and applications. Ldited by M.A. Innis, D.H. Gelfand, JJ. Sninsky L )
Academic PPress, San Dicgo. pp. 315-322.




