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Abstract: The genus dAmylostereum currently in-
cludes four species, namely A. areolatum, A. chailleti,
A. laevigatum and A. jerreum. Two of these species,
A. greolatum and A. charlletii, are well known for their
assodiation with siricid woodwasps. Despite much in-
terest in these fungus-woodwasp symbioses, the tax-
cnomy and phylogeny of this genus received little
artenton in the past. The aim of this smdy was to
investigate the phylogenetc relationship between the
four species of Amylostereum. The placement of Amy-
lostereum spp. among the Basidiomycetes was also in-
vestigated based on me-SSU-rDNA sequence analyses.
These data also clarify the taxonomic status of pre-
viously unidendfied isolates. In this study, we have
shown that A greolotum is more distantly related to
the three other species of Amylosiereusm, than they are
to each other. Of the remaining three species, A. fer
reum and A. lasvigatum are more closely related to
each other. One isolate that was collected from Sirex
areolatus, and, therefore, expected to be A. chailletii,
was more closely related to A. laevigaium and A. jar-
reum. As neither of the latter species have been im-
plicared in associations with woodwasps, this finding
warrants further investigation. Our data show that
Amylosterewm spp. group with neither Sterewm nor
Peniophora, as has been previously hypothesised, but
rather with Echinodontium tinctorium. From this and
other smudies there was also an obvious relationship
between Amylostereum/ Echinodontium and Russula.
Key Words: mt-SSU-rDNA, phylogeny, symbiosis

INTRODUCTION

Members of the genus Amylostereum are best known
for their murmalistic association with Siricidae, a fam-
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ily of woodwasps with a woodboring larval state (Tal-
bot 1977). These woodwasps and their associated fun-
gi have the potential to cause serious damage and
mortality to various conifers such as Pinus, Abies, Pi-
cea, Pseudotsuga (Spradbery and Kirk 1978, 1981). In
the Northern Hemisphere where woodwasps origi-
nate, a natural balance exists hetween them, their
namral parasites and their host wees, such that they
are generally considered as secondary invaders (Hall
1978, Spradbery and Kirk 1978).

The Sirex noctilio-Amylostereum areolatum complex
has been inmoduced into a pumber of countries in
the Southern Hemisphere where it causes severe
damage io exotc pine plantatons (Neumann and
Marks 1990, Chou 1991, Bedding 1995). In these re-
gions, this pest complex is conmsidered a primary
problem. A combinadon of the environmental stress-
es on pine trees, the genetic nniformity of these plan-
tadons and the absence of namral enemies of Sirex
have ail conwibured to the increase in pathogenicity
of this waspfungus associatdon in the Southern
Hemisphere (Spradbery 1973, Spradbery and Eirk
1978).

Boidin (1958) first described the genus Amyloster-
eum as distinct from species of Stereum and Peniopho-
ra. General morphological characters include
smoath amyloid basidiospores, brown encrusted cys-
tidia and regular simple clamps. Amylostereum chaii-
letii (Pers.:Fr.) Boid., the type species, and 4. areo-
latum (Fr.} Boid. are the only two species of domylos-
terewm implicated in as$ociadons with woodwasps
{Gaut 1970, Boidin and Lanquetin 1984). Both spe-
cies were inidally included in the genus Stersum as 3.
chailletii (Pexs.: Fr. as Thelophora) Fr. and S. areolatum
(Fr.:Fr. as Thelephora) Fr. respecrively (Boidin 1558}.
Amylostereum chaillerii and A. areolatum are morpho-
logically very simiiar, but can be distinguished in cul-
ture based on the fact that only 4. areolmtum forms
arthrospores in cuiture (Thomsen 1998).

The third species described by Boidin (1958) in
the genus Amylostereum, A. laevigatum (Fr.) Boid.,
was known as Periiophora laevigata Fr. (as Thelephora)
Karst. and later as S. juniperi (Karst.) Boid. Amylos-
tereum laevigatum is also found in softwood trees, pre-
dominantly species of Jfuniperus. This species differs
from A. chailletii and A. areolatum in the absence of
horizonml hyphae in the fruiting strucnures, as well
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as in the fact that it has a monomitc hyphal system
(Breitenbach and Erinzlin 1986).

Boidin and Lanquerin {1984) descibed A. ferreum
(Berk. & Curt.) Boid. & Lanq. (= Stereum jferreum)
as a fourth species in the genus Amylosterenm. A ma-
jor difference between A. ferrenm and the three other
species of Awmylostereum is its occurrence exclusively
in Podocarfres species. Unlike the other three species
that are known from the Northern Hemisphere, 4.
JSerreum, has been.found only in South America (Boi-
din and Lanquetin 1984).

Boidin and Lanquetin (1984) evalnated the genus
Amylesterem based on mating smudies and the Buller
phenomenon (Buller 1931). They concluded that A.
chailletii, A. laevigatum and A. ferrewm are more
closely related to each other than they are to A. ar
eolatum. No positive mating reactions were observed
between A. ereolatum and the other thres species. No
compatible mating was observed between A. chailletii
and A. laevigazum, but A. jerreum gave partially com-
patible crosses with both these species. Boidin and
Lanquetin (1984) also hypothesised that, based on
marphological evidence, the genus Amylostereum
could be more closely related to Peniophora than to
Stereum.

Morphological simudies of the Basidiomycetes are
complicated by the limited number of available char-
acters, as well as the influence of convergent and par-
allel evoludon (Hibbett et al 1997). For example, in
a study of 89 Basidiomycete species, using sequence
data from the nuclear and mitochondrial small sub-
unit rfRNA operon, Hibbett et al (1997) showed that
a major character such as gifls might have evolved six
dmes. Similarly various researchers have used the
combined features of conserved and less conserved
regions in the rRNA genes to resolve problemadc
phylogenetic and taxonomic questions in the Basid-
iomycetes, often in conjuncton with morphological
data (Fibbett and Vilgalys 1981, 1993, Hibbert 1992,
Swann and Taylor 1995, 1995, Zambino and Szabo
1993, Hibbett and Donoghue 1995, Hsian 1996).

The aim of this study was to test the hypotheses of
Boidin and Lanquetin (1984) as well as other re-
searchers regarding the phylogenetic reladonships
among the different species of Amylostereum, based
on part of the mitochondrial ribosomal gene com-
plex. In addidon, relationships among species of
Amylosterewm and other Basidiomycetes are also con-
sidered. The taxonomic status of isolates of unknown
or uncertain idendrty is also investigated using these
dam.

MATERIALS AND METHODS

Frungal isolates.~Isolates used in this study were obmined
from a variety of sources (TasiE I). These include those

made from §. nocilio collecred in South Africa and Brazil,
those from cuitures of the parasitic nematode Deladenus
siricidicola, isolates from Europe supplied by Dr. I M.
Thomson (Danish Forest and Landscape Research Insriture,
Hoersholm, Denmark), Dr. R Vasiliauskas (Swedish Uni-
versity of Agricultural Sciences, Uppsala, Sweden), those
from culture collections CBS (Centrzal Bureau voor Schim-
melcultures, Baarn, Netherlands) and DAOM (Centre for
Land and Biological Resources Research, Canada}. [solates
were mainmined on MYA (2% malt extract, 0.2% yeast ex-
ract and 1.5% agar) at 25 C and stored in McCarmey bot-
des containing MYA at 4 C.

DNA technigques—Mycelinm from acrively growing cultires
on MYA was used to inoculate liquid MY (2% malt exmact
and 0.2% yeast exrract}) medium (100 mL in 250 mI Exlen-
meyer flasks). These were incubated at 25 C on a shaker
for ca 2 wk. A modification of the method of Raeder and
Broda (1985) was used for isolating DNA from mycelium.
{Inlike the Raeder and Broda (1985) method, each sample
was divided into two equal amounts for the whole extracton
procedurs, afier cell debris had been removed, Further-
more, the phenol chioroform exwacton (1:1 phenol w
chioroform) step was repeated several dmes undl the inter-
phase bemween the aqueous and upper phases was clean
from conmminadng proteins znd cell debris. Precipitation
of the nueieic acids was done using 3 M NaAc (0.1 v/v) and
isopropanol (0.5 v/v) and was incubated overnight at —20
C. After cenmifugation, to harvest the nucleic acids, and
washing with 70% ethanol, the pellet was resuspended in
200 ul sterile water. The wwo samples of each isolate were
then combined. One wl. RNaseA (10 mg/mL) was added
w the resuspended sample and left ac 37 C overnighr o
degrade all RNA in the sample. DNA concentradons were
subsequendly determined using an UV spectrophotometer
(Beckman Du Series 7500) (Maniads er al 1982},

PCR amplification and purification. A pordon of the mi-
tochondrial smail sub-unit ribosomal RNA gene (me-SS5U-
rDNA) was amplified with the primers MS1 and MS2 (White
er al 1990) using the Polymerase Chain Reaction (PCR).
PCR was performed using the Expand® High Fidelity Poly-
merase System {Roche Diagnostics, South Africa). Total vol-
wmes of the reaction mixtures varied among 50 L, 75 pl,
and 100 pl. The reaction mixmure consisted of a final con-
cenmaton of 2.65 mM MgCls, 200 nM of each of the four
dNTP, Expand High Fidelity buffex, 0.375 uM of each of
the mwo primers and 2.6 U Expand™ High Fidelity Taq poly-
merase mixmre. Exmacted genomic DNA. (50--80 ng} was
used as templare for the amplificadon reactions.

PCR resctions were performed on a Hybaid TouchDown
PCR machine (Hybaid Limited, UR). Reacton conditons
included an initial denamration step of 3 min ar 94 G fol-
owed by 10 cycles of denaturation at 94 C for 15 5, prizoer
annealing at 55 C for 45 s and elongadon at 72 C for 1 min.
This was followed by 20 cycles using the same reacdon con-
didons, bur with an increase of 20 s elongadon dme per
cycle. A final elongadon step at 72 C for 7 min ensured
complete elongation of the amplificadon product. PCR
products were subjected o elecorophoresis on an 1% (wt/
v} ethidium bromide smined agarose gel and visualised un-
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der UV illuminadon. Size esdmates of the PCR fragments
were done using a 140 bp ladder (Promega, Madison, Wis-
consin} as a molecnlar weight marker,

DNA' sequencing and sequence data analysis. DNA se-
quencing of the amplified meSSUTEDNA was performed on
an ABI PRISM® 377 auromarted DNA sequencer. PCR prod-
ucts were purified prior w0 seguencing, using a Nucle-
on®QC PCR/OLIGO ciean up kit (Amersham Life Science
Inc). Thermo Sequenage™ dye terminator cycle sequencing
pre-mix Kt {Amersham Life Scence Inc.) was used for ail
sequencing reactions. The primers MS1 and MS2 were used
to sequence both DNA strands.

To determine the phylogenetic relatonships amongst
Amylostereum species, mte-SSU-rDNA sequences of all isolates
(TapLE I, GenBank AF238446-AF238464) were manually
aligned by inserting gaps. Algnments are deposited in
TreeBASE (5N448). All characters were given equal weight
and gaps were coded ay newswmte (fifth characrer). Analysis
of the dama was done using PAUP (Phylogenedc Analysis
Using Parsimony) version 3.1.1 (Swoiford 1998). Heuristic
searches using TBR (Tree Bisection Recomstruction)
branch swapping and MULPAR on, were done to determine
the most parsimonjous relationships between the taxa,
Strict and semistrict consensus rees were obmined in PAUP
for al! equally parsimonjous trees saved. Trees were not
rooted to an outgroup taxon. Branch supports and confi-
dence inrervals were determined using BOOTSTRAP anal-
ysis (1000 replicates) {Felsenstein 1993).

In order to consider the refationship of Amylostereum spp.
with other Basidiomycetes, sequence datm of the messu-
tDNA for 89 species of Basidiomycetes {Hibbert and Don-
oghue 1995, Hibbew er al 1997) were obtained from
TreeBASE. Sequence data for A. chasiletii were initially com-
pared to ail 89 species using PAUP w resolve a clade of
maximum refadonship, Sequence dat from the most close-
ly related @xa determined using this analysis, were then
compared to DNA sequence dam of all four described spe-
des of Amylostereum. Sequence analysis was done using
PAUP, as described above, except that all resuling oees
were rooted to an outgroup taxon, Here, Laxitextum bicolor
(¥r.) Lentz. was chosen as an outgroup because of is basal
relationship to the mxa selected as closely related to Amy-
lostereum in the apalysis of Hihbew et al (1997).

RESULTS

The region of the mt-SSU+RNA gene wmrgeted with
- the MS1 and MSZ2 primers was highly conserved in
all the species of Amylostereum, based on the size of
the amplified PCR fragments. Fragments of ca 570
bp were amplified from all but three isolates used in
this study. The three exceptons, isolates Stllwell
309(3), CBS 624.84 (A. leevigatum) and CBS 633.84
(4. ferrewsm}, produced PCR amplification fragments
of ca 580 bp.

Manual. alignment of sequences representing the
amplified region of the meSSU-rDNA of the different
species of Amylostereum resulted in the toewal align-

ment of 538 characters. Absolute lengths of the se-
quences ranged from 518 bp to 537 bp. Sequences
of the above-mentioned. region were highly con-
served for all the species of Amylostereum. One vari-
able region was observed between 190 and 226 bp
(aligned length) of the fragment.

Heuristic searches using PAUP of these sequences
resulted in 18 equally parsimonious trees (CI =
0.968, HI = 0.032, RI = 0.986) of 31 steps each (FIc.
1). The topology of these trees was similar and dif
ferences were due to variations in branch length and
the arrangement among isolates CBS624.84 (A. lae
vigatum), CBS633.84 (A. ferreum) and Stllwell
309(3) (isolated from S. areolatus).

The main feamre of the trees obtained from heu-
ristic searches of sequence dam of the different Amy-
lostereum spp., was the appearance of two major
groups supported by a 100% confidence interval at
the branching point. The one group contzined rep-
resentative isolates of A. areolatum. Within the 4. ar
eolatum group only one branch was retained in con-
sensus trees that was weakly supported by bootsrap
anaiysis (65%). The second main group was com-
prised of representative isolates of 4. chailleii, A. lae-
vigatum, A. ferrewm and isolate Stllwell 309(3). A.
chailletii grouped on a separate branch {83% condi-
dence interval) within this second group from A. lae-
wigatum, A. ferreum and isolate Stllwell 309(3). A.
Jerreum, Stiliwell 309(3) and A. leevigatum were
grouped together and basal to A. chaillersi in swict
and semistrict consensus trees, as well as by bootszap
analysis. Therefore, a revised form of the evolution-
ary wee of decent reported by Boidin and Lanquetn
(1984) (¥F1G. 23}, is proposed (FIG. 2h).

Manual alignment of sequence data of 16 selected
species from the data set of Hibbe et al (1997) and
the four species of Amylosiereum resulted in a towal
aligned data set of 771 characters. Absolute values
varied from 513 bp for Russula compacta Frost to 674
bp for Peniophora nuda (¥r.) Bres. Sequences could
be divided into four reladvely conserved regions, in-
terspersed with three hypervariable regions, as was
reported by other researchers (Hibbert and Dono-
ghue 1995, Hsianu 1996, Hibbett et al 1997). The
three hypervariable regions were located between ba-
ses 55 and 128, bases 266 and 400 and bases 623 and
671 (based on aligned values).

Alignment in these hypervariable regions was dif-
ficult and often impossible. This resuited in a large
amount of ambiguity in their alignment. Analysis of
the dama was thus performed with and withour these
hypervariable regions. In the latter case, this resulted
in the exclusion of 258 bp (aligned values). The gen-
eral topology of the wees showed some variaton
compared to the trees resulting from analysis of the
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Amylosterenm sp,
Stiliweil309 (3}
(Cattfomia)

A. lnevigmum
CBS624.84
(Fronee)
A ferreum
CHS8633.34 N
(Brazil (Scottznd)
54-95
{Cagada)
DAOM21327 F—
(Canada) A. chaleii
L34
(L.ithuania)
5c62.8
(Scotiand)
SN19A DAOM21785 |
(South Adrica) {New Zealaud)
MSW C CB3305.32
(South Africa) (Framce)
5 A g;sa
(Awsmliz)  ppai0 Ingr 6195
-CBY334.66  (Tasmanin)
(Germany) } A, areslmum
1204
{Lithtzmda)
DK37
{Denmark)
5225
(Sweden) ]

F16. 1. One of the most parsimonious trees obmined by heuristic searches of the sequence dam of the mt-SSUsDNA for
isolates representing the different species of Amylostereum (TaBLE I). The length of the wee = 31 gteps, CI = 0.968, HI =
0.032 and RI = 0.986. Bootstrap values (1000 replicates) are given at the branching poings.

full sequence, but most of the species groupings were
not, affected.

Heurisde searches of the full sequence daia set re-
sulted in three equally parsimonious trees of 1495
steps (I = 0.601, HI = 0.399, RI = 0.522) (¥iG. 9).
The topology of the trees were the same except for
variatons in branch lengths and whether A. laeviga-
tum and A. ferreum were put on separate branches or
not. Seven most parsimonious trees of 639 steps (C1
= 0.604, HI = 0.396, RI = 0.595) were obtained
when analysis were conducted on the DNA sequences
with the variable regions excluded (FIc. 4). Differ-
ences in the seven trees could again be ascribed o
variation in branch lengths.

The four species of Amylostereum formed a mono-

phyledc clade that is the sister group of Echinodon-
tium tinctorium Bll. & Ev. Monophyly of Amylostereum
was supported by a 98% bootstrap value irrespective
of the inclusion or exclusion of the hypervariable re-
gions. The bootstrap branch support for the Echino-
dontivm—Amylostereum grouping was 70% when the
hypervariable regions were included and 94% when
they were excluded. Heterobasidion annosum (¥Fr.)
Bref. and R. compacia grouped together and neigh-
boring the group that contained Echinodentium and
Amylostereum spp. Lentinellus omphalodes {Fr.) Kar.
and L. wrsinus (Fr.) Kih., duriscalpium vulgare S. F.
Gray, Clavicorona pyxidata {¥r.) Doty and Hericium
ramosum (Bull. ex Mér) Letr. were also grouped close
to Echinodontium, Amylostereum, Heterobasidion and
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¥ P -y
A laevipaum A A, chaillevii

a

Fic. 2.

A, dreplanm

Isninte Stillwell 309(3)
Amplostereum sp.
A Jaevigptums A chaillerii

b
Trees of descent of Amylostereum spp. a. Tree reporred by Boidin and Lanquerin (1984), This wee is based on

madng behavior berween the four Amylostereum spp. The results of their mading smdies benveen the Amylastereum spp. are
indicated here as sexually incompatible {—) or partally compadhle (). b. Tree indicated by the resuls from the present

study based on me-SSUrDNA sequence data analysis.

Russula in analysis of the dam set without exclusion
of the hypervariable regions. In analyses ignoring the
sequence of the hypervariable regions, Hericium and
Clavicorona were removed from this group. Hetero-
basidion and Russulg also grouped closer to Lentinel-
hus and Auriscalpium spp. than to the Fohinodontium—
Amylosterewm group in this analysis. Neither Stereum
nor Peniophara spp. were in the above-mentioned
groups in any of the analyses. Instead, Siereum spp.
were grouped with Gloescystidiellum leucoxantha
(Bres.) Boid. and P nuda with Sa#inestroma alutum
Lang. in all rees.

Differences in the topologies of rees derived when
including and excluding hypervariable data occurred
at branches that were not supported or only weakly
supported by Bootsmap values. Well supported
branches were unaffected by different analyses. Un-
supported branches also accounted for the topolog-
ical variarion between trees derived in this study and
those reported by Hibbert et al (1997), from which
some of the sequences were obtained.

DESCUSSION

The phylogeneric reladonships of the four species of
Amylostereum could be resolved in this smdy using

sequence data of the messurDNA. Isolates repre-
senting A. areolatum clustered on a well supported
branch, separate from all the other species in the
genus. Vasiliauskas et al (1999}, using internal tran-
scribed spacer sequences of the rdbosomal DNA, also
report that A. leevigatum and A. chailletii are more
closely related o each other than to A. areolatum.
This is consistent with the hypothesis of Boidin and
Lanquetn (1984) that A. areolatum is the most clear-
ly defined species in the genus. In their study, no
mating compadbility was observed between isolates
of A, areolgtum and any of the other Amylostereum
species in this group, whereas partial compatibility —
was observed berween some of the other species of
Amylostereum.

Boidin and Lanquetin (1984) could not dlearly de-
fine the relatonship between A. chailletii, A. laevi-
gatum and A, ferreum. In their study, European iso-
lates of A. chailletii and A. laevigutum showed no mat-
ing compatibility, but both these species showed par-
tial mating compatbility with A. ferreum. Our analysis
showed that A. chailletii, A. laevigatum and A. ferreum
formed a cluster separate from A. areplatum, which
is in agreement with their mating smdies, Isolates of
A. chailletii formed a separate group within the latter
group, while A. laevigatum and A. ferreum could not
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- Hondarzewia derideyi
100] Scytinostroma afunan

Peniophora nuda

W Lenrineilus amphalodes
Lentineilus ursinus

e~ duriscaipium vuigare
Clavicorona pyxidata

Hericium ramosum

—

s

Heterobasidion annosum

98

“——— Russula compacta

Echinadonthum tinctoriun

Anwyiostereumn areolamam
=6

Amylostereum chuilletl]

Amylostereum ferrsum

Stereum ammosum

80
144 Stereum hirsurun

Gioeacystidiellon leucaxantha

Ladiexium bicolor

F1G. 3. One of the most parsimonious wees obtained hy
heuristic searches of the fill sequence dam set (including
the hypervariable regions) (mree length = 1495 steps, O =
0.601, HI = 0.399 and RI = 0.529),

be separazed in strict analyses of the data. These re-
sults suggest a closer relatdonship between A. ferreum
and A. laevigatum than bewween either of these spe-
cles and A. chaillai,

We confirmed the identity of isolates of Amylaster-
eum that could previously not be assigned species
names. The wo CLBBR cultures idendfied only as
Amylostereum sp. (Waite Inst 6195 and DAOM 21785)
from Tasmania and New Zealand, clearly resided in
the group containing identfied isolates of A. areola-
tum (CBS 305.82, CBS 834.66 and isolates from Eu-
rope that were identified by Drs. Thomsen and Vas-
iauskas). Also represented in this group are isolates
from South Africa, Brazil and isolates obtained from
nematode (Deladenus siricidicola) cultures imported
to South Africa from Australia. Furthermore, the two
Canadian isolates of A. chasilletii (DAOM 21327 and
54-95) clearly clustered with other identified isolates
of A. chailletii (1234, Sc62.8 and CBS 483.83). Boidin
and Lanquiten (1984) found partial mating compar-
ibility between two Canadian Amylostereum isolates
and authendc isolates of A. chailletii, A. laevigatum

—: Bondarzewia bertleyi
Hericum ramasum

Lentineffus cophalodes
Lentineliuy ursinuy

Avriscalpitm vuigare
Heterobasidion annasum

Scytinastroma altmenm

Periophora mdt

{SM anmosn
160 Stereum hirsuion

Gloeocymidielhm levcoxantha

Laxa bicolor

Fic. £ One of the most parsimonious wees where the
hypervariable regions were excluded {(wee length = 639
steps, ClI = 0.604, HI = 0.396 and RI = 0.598) of the me
SSU-DNA for 19 different Basidiomycetes spp, including
the four Amylostereum spp. Boowsmap values (1000 repli-
catey) are given ar the branching points.

and 4. ferreum. According to our dam this mating
behavior, therefore, only supports the close reladon-
ship between these three spedes.

Isolate Sdllwel 309(3) is reported to have been iso-
lated from the mycangium of S. areolatus, Therefore,
we would expect it to be ‘A, chailletsi as was suggested:
by Gaut (1970). This isolate was deposited in DAOM
as an Amylostereum sp. Results of this study show that
the isolate is most closely related to A. lasvigatum and
A. ferrewm. Neither of these species have previously
been implicated in associations with woodwasps, If
this isolate is an acrual sub-culture of the isolate col-
lected from S. areolatus, it might represent a link be-
tween the species associated with woodwasps (A. ar-
enlatum and A. chailleiin) and the other two species
(4. laevigatum and A. ferreum). It might also repre-
sent an undescribed spedes of Amylostereum. Further
study of this iselate is clearly warranted.

Various hypotheses have been proposed for the
placement of Amylosterewm amongst the Basidiomy-
cetes. Boidin and Lanquedn (1984) speculated that
Amylostereum might be more closely related to Pen-
iophora based on the presence of gloeocysddia posi-
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dve in sulfuric-aldehyde, normal nuclear behavior
and the tetrapolarity in all four species. In a cladistic
study using 86 morphological characters, Parmasto
(1995) reduced the Stereaceae to synonymy with the
Peniophoraceae. In this analysis, 4. chailletii groups
sister to Stereum and Xylobolus (P. Karst.) and the for
mer three genera form a group basal to the group
that contains the genus Periophora. Hallenberg and
Parmasto (1998), however, conclude from a parsi-
mony analysis of morphological and molecular rDNA

dam that Amylostereum is a sister genus of Peniophora.

In a study by Hsiau (1996) using messu-rDNA, A.
chailletii grouped sister to Stereum and further away
from Peniophora. Boidin (1998), using ITS rDNA se-
quence dats, however, proposed a pew family, Amy-
lostereaceae, which groups sister to Echénodontium
tinctorium {Echinodontiaceae), 2 genus that was not
mcluded in any previous analyses.

In the present smdy the four Amylostereum spp.
formed a monophyletic group that is sister to neither
Sterzum nor Peniophera, but to E, tincterium, This ob-
servation was supported by strong hootsmap values
for this grouping in all analyses. It is interesting to
note that E. #nctorium is also characterised by amy-
loid basidiospores and encrusted cystdia, such as
- those formed by Amylostereum spp.

Echinodoniium tinctorium has been described as
dosely related to Stereum (Gross 1964, Stalpers 1578).
Hibbertt er al (1997) and Hibbett and Donghue (pers
<comm), however, found thas E. finctorium is more
closely related to Peniophora nuda than to any of the
Sterewm spp. included in their analyses. Boidin {1998)
found that dmylosterewm and Echinodontivm grouped
most closely to Beidinie and Gloeocystidieifum and
thar this group is more closely related to Stereum than
to Peniophora. In the present smudy, the Amylosterewm-
Echinodonttum group was, however, most closely re-
lated to Russula, Heterobasidion, Lentinellus and Au-
riscalpium in all analyses. These genera grouped
more closely 1o Stereum and Gleocystidiellum than to
FPeniophora when the hypervariable region was includ-
ed, bur were separated from both Stereum and Pen-
iophera when these regions were excluded. Our data
thus support the hypothesis of Hibbett and Dono-
ghue (pers comm) that places these generz, includ-
ing Amylosterewm, together in a ‘russuloid dade,” bur
could not infer the ancestral relatonship of Amyles-
lereum to Stereum and Peniophora.
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