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Abstract: The population structure of 11 Fenno-
scandian geographic populations of the pioneer
wood-decay basidiomycete Trichaptum abietinum was
assessed with PCR-RFLPs, intersequence simple re-
peats (ISSRs) and mating studies. The three codom-
inant PCR-RFLP markers (1) internal transcribed
spacer 2 (nrDNA), (2) glyceraldehyde-3-phosphate
dehydrogenase and (3) translation elongation factor
1a showed that genotype distributions in most cases
(94%) agreed with Hardy-Weinberg expectations and
that random association of alleles occurred across
loci. The molecular data suggest that T. abietinum is
a highly outcrossing fungus that regularly proliferates
and spreads by sexual spores. Interstock mating re-
actions suggest a high number of mating factors
among individuals and that biological barriers to
gene flow are nonexistent in the region. The three
PCR-RFLP loci gave an overall FST 5 0.03, indicating
a low level of genetic differentiation and presumably
high gene flow among the geographic populations.
The ISSR markers revealed no systematic substruc-
turing and the among-population variance compo-
nent was low (6.1%) in AMOVA. However, all PCR-
RFLP and most ISSR markers (7/12) showed signif-
icant deviation from the null hypothesis of an even
distribution of allele frequencies across the 11 geo-
graphic populations. Allele frequencies varied in an
apparently random manner, suggesting that genetic
drift might be an important structuring factor in T.
abietinum. The spatial small-scale distribution of het-
erokaryons on three selected substrate units (logs)
showed that most isolates represented discrete indi-
viduals and that a number of genets (19) may occupy
a single log. The small-scale genotype distributions
(within logs) were in agreement with panmictic Har-
dy-Weinberg expectations.
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INTRODUCTION

Trichaptum abietinum (Dicks. : Fr.) Ryvarden is a cir-
cumboreal northern hemispherical basidiomycete of
newly fallen coniferous logs (Ryvarden and Gilbert-
son 1993). The species often produces hundreds of
small annual basidiocarps wherever it occurs. In a
field survey from Sweden, the species was recorded
the third most common wood-degrading polypore in
forests there (Olofsson 1996).

The population structure and life history traits of
polypores are largely unexplored. The fact that most
polypores have wide geographic distributions (Ryvar-
den and Gilbertson 1993) might reflect good ability
for dispersal. Little genetic differentiation was ob-
served among northern European populations of
Fomitopsis pinicola (Swartz : Fr.) Karst. (Nordén 1997,
Högberg et al 1999), indicating effective dispersal ca-
pacity and large population sizes. In contrast, signif-
icant genetic differentiation was detected among Eu-
ropean populations of Heterobasidion annosum (Fr.)
Bref. (Stenlid et al 1994) and Fomitopsis rosea (Alb.
et Schw. : Fr.) P. Karst. (Högberg and Stenlid 1999).
In other wood-degrading basidiomycetes, e.g., Schi-
zophyllum commune Fr., Phlebiopsis gigantea (Fr.) Jül.
and Pleurotus tuberregium (Fr.) Sing., a significant ge-
netic differentiation between continents likewise was
observed, indicating limited gene flow at this spatial
scale (Isikhuemhen et al 2000, Vainio and Hantula
2000, James et al 2001).

Fungi exhibit highly variable life-history strategies,
which are believed to have great impact on their pop-
ulation structure. T. abietinum expectedly has, like
most basidiomycetes, a predominant heterokaryotic
(dikaryotic) vegetative stage and a transitory homo-
karyotic (monokaryotic) stage after meiosis and be-
fore heterokaryon formation. Clonal dispersal, which
is common in Ascomycota, seems less prevalent in
basidiomycetes but has been reported in some spe-
cies, e.g., in Amylostereum areolatum (Fr.) Boid. and
A. chailletii (Pets. : Fr.) Boid. (Vasiliauskas et al 1998).
On the other hand, intersterility barriers causing lim-
ited gene flow and accelerated genetic differentia-
tion commonly are observed in polypores and in the
long-term might lead to sympatric or parapatric spe-
ciation. In T. abietinum, two intersterility groups have
been found in North America and one group in Eu-
rope. While the North American groups apparently
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are intersterile, the European group is interfertile
with both the North American groups (Macrae 1967,
Magasi 1976). The mating system also might affect
the fungus population structure. It is well document-
ed that T. abietinum has a heterothallic (outcrossing)
tetrapolar mating system (Macrae 1967, Magasi
1976). Compared with a bipolar mating system ex-
hibited in most polypores investigated to date, the
tetrapolar mating system significantly minimizes the
possibility for inbreeding.

Our aim was to investigate the population struc-
ture and genetic diversity in T. abietinum on a re-
gional and local spatial scale. Eleven geographic pop-
ulations of T. abietinum in Norway, Sweden and Fin-
land were included. Ten populations were located in
the continuous belt of the northern boreal conifer-
ous forest and one population in western Norway,
isolated from the other populations by high moun-
tains. The sampling strategy was chosen to assess
whether the geographic populations belonged to a
single mating population or represented several dis-
crete populations. We employed mating compatibility
analyses to study the putative occurrence of interste-
rility barriers across geographic populations, and lo-
cus-specific codominant PCR-RFLP and anonymous
intersequence simple-repeat (ISSR) markers to inves-
tigate the population structure and whether substruc-
turing exists among geographic populations. We also
performed a small-scale study of the spatial distribu-
tion and possibly nonrandom mating of individuals
on three selected substrate units (logs) in one pop-
ulation.

MATERIALS AND METHODS

Sample. To investigate genetic differentiation, 223 T. abie-
tinum basidiocarps from 11 geographically separated pop-
ulations in Fennoscandia were sampled on different logs of
Norway spruce (TABLE I). Culture isolates from context hy-
phae of basidiocarps (heterokaryons) were grown on 2%
PDA at 25 C in the dark. For the study of spatial distribution
of genets on the logs, 57 heterokaryotic isolates from sep-
arate groups of fruit bodies on three logs from Skotjernfjell
were sampled. For mating compatibility studies and se-
quencing purposes, 47 single-spore cultures (homokaryons)
from 24 fruit bodies (occurring on different logs) were de-
rived from spores discharged on nutrient media (PDA) in
Petri dishes. In addition, 28 single-spore cultures from one
fruit body (TaGu1) were used for segregation analysis. So-
matic cultures (heterokaryons) and single-spore cultures
(homokaryons) were diagnosed, based on the presence or
absence of clamp connections on hyphae, respectively.

Mating compatibility studies. Mating compatibility was stud-
ied with homokaryotic single-spore mycelia. Two single-
spore cultures were placed 2 cm apart on 9 cm Petri dishes
(2% MEA), incubated at 25 C, and examined after 4–5

weeks. The mating reactions were judged as compatible or
incompatible, based on presence or absence of clamp con-
nections, respectively.

Molecular methods. DNA was extracted from all isolates by
the CTAB miniprep method described by Murray and
Thompson (1980) with some minor modifications: DNA
was re-suspended in 100 mL sterile filtered H2O at the final
step of extraction; and DNA templates were diluted 50-fold
before PCR-amplification. Amplification was accomplished
with primers ITS3 and ITS4 (White et al 1990) for the in-
ternal transcribed spacer 2 (ITS2) region of the nuclear
ribosomal DNA (nrDNA), the primers CTK-052 (59-
CGGCCGTATCGTCCTCCGTAATGC) and CTK-032 (59-
GAGTAACCGCATTCGTTATCGTACC) for the glyceralde-
hyde-3-phosphate dehydrogenase (gpd) region (Kreuzinger
et al 1996), the primers TaGPD2F (59-ACACCGGTCGA-
TTCGACAATG) and CTK-052 for the partial region of gpd,
and the primers EF595F (59-CGTGACTTCATCAAGAA-
CATG) and EF1160R (59-CCGATCTTGTAGACGTCCTG)
(Kauserud and Schumacher 2001) for the partial transla-
tion elongation factor (efa). The Ta-GPD2F primer was de-
signed to fit within the gpd sequences. PCR was performed
in 40 mL reactions containing 19.5 mL 503 diluted template
and 20.5 mL reaction mix (final concentrations: 250 mmol/L
dNTPs), 0.625 mmol/L of each primer, 2 mmol/L MgCl2

and 1 unit DyNazymeTM II DNA polymerase [Finnzymes Oy,
Espoo, Finland] on a Genius Operator (Techne) or Biom-
etra PCR machine. The ITS2 amplification started with a
denaturation step for 4 min at 94 C, followed by 36 cycles
of 30 s, denaturation at 94 C, 35 s annealing at 52 C, ex-
tension at 72 C for 40 s, and a final extension step at 72 C
for 10 min before storage (4 C). A similar thermal profile
was used in the amplification of the partial efa and gpd se-
quences, except that the annealing was optimized to 55 C
(partial efa and gpd) and 54 C (partial gpd).

ISSR amplification was performed in 40 mL reactions in
the same reaction mixture and concentrations as in the
PCR reactions, with the exception that the concentration
of the single ISSR primer (GGGC[GA]8) (Becker and Heun
1995) was doubled. PCR conditions for ISSR reactions were:
5 min denaturing at 95 C; one cycle of 30 s at 95 C, 2.5
min at 92 C, annealing 1 min at 55 C, and 2 min at 72 C;
and 44 cycles of 1 min at 92 C, 1 min at 55 C, and 2 min
at 72 C and 10 min extension at 72 C (Becker and Heun
1995). Independent reiterated PCR amplifications were
performed from a subset of isolates (16) to ensure the re-
producibility of the ISSR markers.

PCR products of homokaryons were sequenced manually
with PCR primers as sequencing primers, employing the
ThermoSequenase radiolabeled terminator cycle sequenc-
ing kit (Amersham Pharmacia Biotech Inc., OH, USA) and
a-33P-ddNTPs. All sequences are deposited in the EMBL nu-
cleotide database with accession numbers AJ309814–309815
(ITS2), AJ309882–309891 (partial efa), and AJ309892–
AJ309901 (partial gpd). In conferring with the endonucle-
ase database Webcutter 2.0, we noticed that the endonucle-
ases RsaI, HhaI and DdeI would give polymorphism in the
ITS2, efa and gpd sequences. The three PCR-RFLP markers
were situated in noncoding spacer sequences. For restric-
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TABLE I. Observed and expected heterozygosity and Wright’s fixation index (FIS) in the 11 geographic populations. PHW

gives the probability that observed genotype distributions are in accordance with Hardy-Weinberg expectations

Locus

ITS2 efa gpd All

Uppsala (n 5 19) HetObs
HetExp
FIS

PHW

0.68
0.49

20.43
0.08

0.26
0.23

20.15
0.56

0.42
0.34

20.27
0.28

0.46
0.36

20.28

Lammi (n 5 17) HetObs
HetExp
FIS

PHW

0.18
0.34
0.46
0.04

0.18
0.45
0.60
0.01

0.65
0.51

20.31
0.24

0.33
0.43
0.25

Voss (n 5 23) HetObs
HetExp
FIS

PHW

0.39
0.51
0.22
0.25

0.26
0.39
0.32
0.09

0.35
0.49
0.27
0.16

0.33
0.46
0.27

Grimstad (n 5 17) HetObs
HetExp
FIS

PHW

0.47
0.47

20.03
1.0

0.29
0.34
0.10
0.58

0.29
0.51
0.07
0.07

0.35
0.44
0.05

Sigdal (n 5 19) HetObs
HetExp
FIS

PHW

0.42
0.44
0.03
0.82

0.26
0.23

20.15
0.56

0.42
0.44
0.03
0.82

0.37
0.37

20.03

Lierne (n 5 21) HetObs
HetExp
FIS

PHW

0.43
0.40

20.11
0.70

0.19
0.25
0.22
0.23

0.48
0.46

20.07
0.83

0.37
0.37
0.01

Skotjernfjell (n 5 24) HetObs
HetExp
FIS

PHW

0.63
0.51

20.25
0.26

0.25
0.38
0.33
0.08

0.67
0.48

20.42
0.05

0.51
0.46

20.11

Umeå (n 5 20) HetObs
HetExp
FIS

PHW

0.50
0.50

20.01
0.94

0.05
0.05

20.03
1.0

0.40
0.47
0.12
0.51

0.32
0.34
0.03

Rovaniemi (n 5 15) HetObs
HetExp
FIS

PHW

0.40
0.50
0.17
0.43

0.07
0.29
0.76
0.001

0.53
0.50

20.11
0.77

0.33
0.43
0.27

Kuhmo (n 5 23) HetObs
HetExp
FIS

PHW

0.35
0.35

20.02
1.0

0.22
0.20

20.12
0.60

0.35
0.46
0.23
0.22

0.3
0.34
0.03

Evenstad (n 5 25) HetObs
HetExp
FIS

PHW

0.40
0.49
0.17
0.35

0.08
0.08

20.04
0.88

0.40
0.44
0.08
0.61

0.29
0.34
0.07

tion analyses, 10 mL of ITS2, efa and gpd amplicons were
digested in 25 mL volumes containg 16.5 mL H2O, 2.5 mL
buffer and 0.5 mL enzyme, following the manufacturer’s in-
structions (Promega). ISSR and restriction products were
separated on 2% agarose gels and stained with ethidium
bromide, using 0.5 TBE as running buffers. Results were
recorded by photographing the gels over UV light.

Statistical analyses. The PCR-RFLP and ISSR dataset in-
cluded 223 heterokaryotic isolates sorted according to geo-
graphical origin, in addition to 57 isolates from the small-
scale study. The biallelic PCR-RFLP loci were scored on
presence or absence of restriction sites. The ISSR bands
were scored as present (1) or absent (0) across all popula-
tions. Chi square tests for homogeneity of allele frequency
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FIG. 1. PCR-RFLP agarose gels demonstrating meiotic segregation of (a) ITS2 amplicons digested with RsaI, (b) efa
amplicons digested with HhaI, and (c) gpd amplicons digested with DdeI, in a spore family of Trichaptum abietinum. The
spore family consists of 28 homokaryotic single-spore progenies (SSP) derived from one parental triple heterozygous (het-
erokaryotic) isolate (P). The ITS2 marker exhibits a 1:1 (14:14) segregation, while a 17:11 segregation was observed in both
the efa and gpd loci. Tests for linkage disequilibria suggest that the three loci are inherited independently. M 5 size markers
(X-174 DNA digested with HaeIII).

distributions across the geographic populations (by con-
structing two-way contingency tables), observed and ex-
pected heterozygosity, and Wright’s fixation index (FIS)
were calculated in POPGENE version 1.32 (Yeh et al 1997).
Linkage disequilibrium between pairs of PCR-RFLP markers
was tested in the program Arlequin version 2.0 (Schneider
et al 2000) using the approach given by Slatkin and Excof-
fier (1996) with 1000 permutations and 10 initial condi-
tions. Any deviation from Hardy-Weinberg equilibrium in
the 11 geographic populations was assessed for the PCR-
RFLP markers by the exact probability test (Guo and
Thompson 1992), implemented in Arlequin ver. 2.0, with
1000 steps in Markov chain and 1000 dememorization steps.
Analysis of molecular variance (AMOVA), calculation of
overall FST and significance test of FST also were performed
in Arlequin ver. 2.0 with the approach given by Weir and
Cockerham (1984) with 1000 permutations. Unweighted
Pair Group Method with Arithmetic Averaging (UPGMA)
and Principal Component Analysis (PCO) of the ISSR data
was performed in NTSYSpc2.02 (Rohlf 1994).

RESULTS

PCR-RFLP markers. The endonucleases RsaI, HhaI
and DdeI gave polymorphic codominant ITS2, efa
and gpd PCR-RFLP markers. A segregation experi-

ment was carried out with one spore family consti-
tuting 28 homokaryotic single-spore progenies ob-
tained from a heterokaryotic parental individual that
was heterozygous in the ITS2, efa and gpd PCR-RFLP
loci. The PCR-RFLPs exhibited a 14:14 (ITS2), 17:11
(efa) and 17:11 (gpd) segregation pattern (FIG. 1).
The markers showed independent segregation (non-
significant tests of linkage disequilibrium, p , 0.05),
indicating their behavior as independent loci.

Genetic equilibrium. The results of the ITS2, efa and
gpd restriction analyses are summarized in TABLE I.
The three loci were polymorphic and biallelic in all
geographic populations, except in the Voss popula-
tion (western Norway), where two isolates possessed
an additional gpd allele (FIG. 2). Tests for linkage dis-
equilibrium among ITS2, efa and gpd in the various
populations revealed linkage disequilibrium between
efa and gpd in the Sigdal and Evenstad populations.
Otherwise, all pairs of loci were in linkage equilibri-
um. The genotype distributions in ITS2, gpd and efa
were in agreement with Hardy-Weinberg expecta-
tions, with a few exceptions; in efa, significant devia-
tions from the expected were observed in the Koti-
nen and Rovaniemi geographic populations. Overall,
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FIG. 2. PCR-RFLP agarose gels of 22 heterokaryons of Trichaptum abietinum derived from the Voss population. The upper
lane (a) shows ITS2 amplicons digested with RsaI, the middle lane (b) efa amplicons digested with HhaI, and the lower lane
(c) gpd amplicons digested with DdeI. Codes AA, BB and AB refer to homozygous (AA, BB) and heterozygous (AB) isolates
for the actual restriction site. An additional gpd allele appears in two individuals (enclosed by white frame), due to the
presence of an extra restriction site. M 5 size markers (X-174 DNA digested with HaeIII).

52% of the loci in the various populations showed
heterozygote deficits and 48% showed heterozygote
excesses (TABLE I). Average heterozygote deficits
were observed in eight populations, while three pop-
ulations showed heterozygote excesses.

Genetic differentiation. The three PCR-RFLP mark-
ers gave an overall FST 5 0.03, indicating a low level
of genetic differentiation among the geographic pop-
ulations. There was no significant relationship be-
tween calculated pair-wise FST values among popula-
tions and geographical separation (regression analy-
sis, p , 0.05). Tests for homogeneity of PCR-RFLP
allele frequencies showed that all three loci had sta-
tistically significant deviations from the null hypoth-
esis of a homogenous distribution (x2 tests, p ,
0.05). The PCR-RFLP allele frequencies varied in an
apparently random manner across populations (FIG.
3).

Twelve polymorphic ISSR alleles were scored as
present or absent across the eleven geographic pop-
ulations (TABLE II). The allele frequency distribution
of ISSR alleles is summarized in TABLE II. Isolates
from various localities did not constitute discrete
clusters in a principal component analysis (PCO), but
appeared more or less at random (data not shown).
In an UPGMA analysis of the ISSR data, the Voss pop-
ulation clustered in a branch distant from the other
10 populations, which subclustered more or less in-
dependently of geographic origin (FIG. 4). Analysis
of molecular variance (AMOVA) partitioned the var-
iation into 6.1% among-population and 93.9% with-
in-populations variance, indicating little genetic sub-
structuring. When the Voss population and the 10
other populations were constrained as two groups in
AMOVA, we obtained 7.6% among-groups variation,
4.3% among-populations and 88.1% within-popula-
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FIG. 3. Map shows the allele frequency distribution of ITS2, efa and gpd PCR-RFLP alleles in the 11 geographic populations
of Trichaptum abietinum.

TABLE II. Allele frequency distribution of the ISSR alleles in the 11 populations of Trichaptum abietinum. PHom gives the
probability for homogeneity of allele frequencies (x2 tests)

Populations

Loci

1353 1200 1000 950 900 872 700 650 625 600 580 550

Evenstad
Fiby
Grimstad
Kuhmo
Lammi
Lierne
Rovaniemi
Sigdal
Skotjernfjell
Umeå
Voss
PHom

0.33
0.33
0.21
0.19
0.35
0.43
0.47
0.33
0.24
0.70
0.62
0.012

0.05
0.29
0.32
0.00
0.20
0.10
0.53
0.38
0.43
0.00
0.48
0.000

0.38
0.38
0.37
0.33
0.55
0.52
0.65
0.43
0.67
0.55
0.86
0.020

0.10
0.14
0.16
0.10
0.35
0.43
0.18
0.10
0.10
0.05
0.14
0.025

0.43
0.33
0.16
0.24
0.45
0.48
0.53
0.52
0.43
0.35
0.14
0.093

0.05
0.10
0.37
0.05
0.05
0.10
0.12
0.19
0.19
0.05
0.52
0.000

0.76
0.67
0.79
0.90
0.95
0.76
0.82
0.95
0.90
0.80
0.95
0.151

0.48
0.38
0.32
0.38
0.35
0.19
0.24
0.29
0.19
0.40
0.33
0.665

0.10
0.00
0.16
0.05
0.15
0.14
0.00
0.29
0.29
0.00
0.38
0.002

0.33
0.52
0.37
0.52
0.60
0.33
0.35
0.33
0.71
0.40
0.52
0.179

0.14
0.00
0.05
0.00
0.10
0.19
0.06
0.00
0.00
0.00
0.05
0.059

0.05
0.38
0.63
0.48
0.60
0.24
0.24
0.19
0.67
0.50
0.43
0.000
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FIG. 4. Phenetic similarity among the 11 geographic T.
abietinum populations, assessed by UPGMA cluster analysis
of the ISSR data (N 5 Norway, S 5 Sweden, F 5 Finland).

FIG. 5. Examples of anonymous amplified ISSR frag-
ments of Trichaptum abietinum visualized on agarose gel.
The gels show ISSR fragments of 17 heterokaryotic isolates
derived from one log of the Skotjernfjell population (Nor-
way). Note: isolates 1–4 have identical ISSR genotype, which
is in accordance with the PCR-RFLP analyses. M 5 size
markers (X-174 DNA digested with HaeIII).

FIG. 6. Distribution of Trichaptum abietinum isolates (in-
dicated by triangles) on three logs of the Skotjernfjell pop-
ulation (Norway). Broken lines pool isolates with identical
ISSR patterns.

tions variation. Tests for homogeneity of the ISSR al-
lele frequencies showed that seven out of 12 ISSR
alleles had statistically significant deviations (x2 tests,
p , 0.05) from the null hypothesis of a homogenous
distribution (TABLE II).

Distribution of genets on single logs. Fifty-seven het-
erokaryotic isolates from three logs, i.e., 17, 18 and
22 from each log, were subjected to ISSR and PCR-
RFLP analyses. ISSR analysis resolved 49 genotypes
among the 57 isolates (FIGS. 5 and 6), and identical
ISSR genotypes were all observed on the same log.
Four groups of isolates possessed similar ISSR geno-
types (FIG. 6). PCR-RFLP analysis of the 57 isolates
gave multilocus ITS2/efa/gpd genotypes concordant
with the ISSR genotypes; the isolates from the four
ISSR groups always possessed similar PCR-RFLP mul-
tilocus profiles.

Pooling isolates (individuals) with identical multi-
locus ISSR/PCR-RFLP genotypes provided a possibil-
ity to investigate genetic equilibrium within and
across the PCR-RFLP loci (TABLE III). Individuals on
the same log constituted genotype distributions in
agreement with Hardy-Weinberg expectations in all
three loci. Linkage disequilibria were apparent be-
tween ITS2 and gpd, and between efa and gpd on log
No. 2. Otherwise, no significant support for linkage
disequilibrium between pairs of loci was found. Av-
erage heterozygote deficits were obtained on all
three logs.

Mating compatibility studies. Interstock pairings
among homokaryons derived from a subset of six

geographic populations provided 332 compatible
(98.8%), one incompatible and two partially compat-
ible pairings. One pairing was omitted due to slow
growth. Interstock pairings between thirteen homo-
karyons from a single population (Skotjernfjell) gave
74 compatible (94.9%) and four incompatible pair-
ings. Eighty-five pairings between heterokaryotic and
homokaryotic isolates (he-ho matings) from Skotje-
rnfjell resulted in a dikaryotization of the homokary-
otic isolates in 82% of the confrontations.

DISCUSSION

The molecular data demonstrate that T. abietinum is
a highly outcrossing heterothallic fungus. Tests for
Hardy-Weinberg equilibrium and linkage disequilib-
rium indicate that alleles associate freely within and
between the three unlinked loci, suggesting panmic-
tic conditions. Northern European populations of
the outcrossing wood-inhabiting polypore Fomitopsis
pinicola also satisfied Hardy-Weinberg conditions
(Högberg et al 1999). In light of the outcrossing re-
productive mode and the high abundance of T. abie-
tinum and F. pinicola in this region, it is not surpris-
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TABLE III. Observed and expected genotype distributions under Hardy-Weinberg conditions of genets sampled on three
substrate units (logs). PHW gives the probability that observed genotype distributions are in accordance with Hardy-Weinberg
expectations

Locus

ITS2 efa gpd All

Substrate 1 (n 5 16) HetObs
HetExp
FIS

PHW

0.31
0.47
0.31
0.26

0.13
0.12

20.07
1.00

0.38
0.44
0.13
0.61

0.27
0.34
0.12

Substrate 2 (n 5 19) HetObs
HetExp
FIS

PHW

0.53
0.50

20.08
1.00

0.21
0.27
0.21
0.35

0.32
0.51
0.37
0.15

0.35
0.43
0.17

Substrate 3 (n 5 14) HetObs
HetExp
FIS

PHW

0.43
0.51
0.13
0.62

0.29
0.25

20.17
1.00

0.29
0.42
0.30
0.27

0.33
0.40
0.09

ing that the population genetic analyses suggest pan-
mictic conditions in these species. The high frequen-
cy (95%) of compatible interstock pairings among
thirteen homokaryons from a single place indicates
a multiallelic breeding system. The mating loci of ba-
sidiomycetes are believed to display strongly balanced
polymorphism (May 1999), resulting in higher fitness
for infrequent mating alleles than for frequent al-
leles. Such selection is expected to counter genetic
drift and, within a mating population, the mainte-
nance of a high number of mating alleles is expected,
as was observed in T. abietinum. As far as we know, a
multiallelic breeding system has been observed in all
basidiomycetes investigated.

Inbreeding coefficient statistics gave a low overall
FST (0.03), which indicates little genetic differentia-
tion across populations in T. abietinum. Little genetic
differentiation also was observed in northern Euro-
pean populations of F. pinicola (FST 5 0) (Högberg
et al 1999) and F. rosea (FST 5 20.02) (Högberg and
Stenlid 1999). In T. abietinum, ISSR data provided no
discrete clustering of the various geographic popu-
lations in the PCO analysis, and little among-popu-
lations variance (6.1%) was recorded in AMOVA.
Thus, no distinct genetic substructuring was record-
ed, and the data suggest large and widespread pop-
ulations with high migration rates. Trichaptum abie-
tinum is an early colonizer of dead coniferous wood,
a short-lived habitat that might be considered as
‘‘sinking islands’’ that must be colonized, exploited
and abandoned in short time, we estimate roughly 1–
3 years for T. abietinum. These conditions obviously
require expansive disperal abilities. Likewise, very lit-
tle genetic divergence occurred among northern Eu-
ropean populations of the early colonizers Cylindro-
basidium evolvens (Fr.) Jülich (Vasiliauskas and Sten-

lid 1998), Amylostereum areolatum and A. chailletii
(Vasiliauskas et al 1998, Vasiliauskas and Stenlid
1999), by employing random amplified DNA markers
(AP-PCR), and in P. gigantea, employing RAMS mark-
ers (Vainio and Hantula 2000). Overall, very little ge-
netic substructuring among wood-inhabiting basid-
iomycetes has been observed on an intracontinental
scale.

However, tests for homogeneity of allele frequen-
cies across geographic populations showed signifi-
cant divergence from the null hypothesis of a ho-
mogeneous distribution in all three PCR-RFLP mark-
ers and seven out of 12 ISSR markers. The variation
was not distributed according to geographic origin
and is difficult to interpret. One possible explanation
might be that the stochastic process of genetic drift
is highly involved in the structuring of T. abietinum
populations. This might imply that the fungus expe-
riences a high population turnover and rapid shifts
in local population sizes, which are factors that in-
crease the influence of genetic drift. Genetic drift
through founder events has been suggested as an im-
portant moderating evolutionary factor in plant path-
ogenic fungi (Carlier et al 1996) and might be influ-
ential on early colonizers of dead wood, as well.

The UPGMA analysis of ISSR data showed that the
Voss population was genetically divergent from the
other populations. A private gpd restriction site (al-
lele) also appeared in two individuals from this pop-
ulation. Isolated populations, such as the Voss pop-
ulation in a minor spruce forest in western Norway
delimited from the other geographic populations by
high mountains, are more exposed to genetic drift.
A founder event might have occurred during the es-
tablishment of the Voss population. Furthermore,
heterozygote deficits were observed in all three loci
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in the Voss population, a finding that might be ex-
plained by a limited population size and inbreeding.

Intraspecific barriers to gene flow are a structuring
factor believed to be important in some polypores.
This might lead to the development of different in-
tersterility groups (ISGs). In Heterobasidion annosum,
several genetically differentiated intersterility groups
are recognized (Stenlid et al 1994, Garbelotto et al
1996). In T. abietinum, we obtained compatible mat-
ings (98.8%) between homokaryons from a subset of
the geographic populations, suggesting that the ac-
tual homokaryons belonged to the same intersterility
group. Two intersterile North American groups and
one European group, partially fertile with the North
American groups, have been inferred from T. abietin-
um (Macrae 1967, Magasi 1976). Our results support
the conclusion that only one intersterility group of
T. abietinum occurs in Fennoscandia. The slightly
higher portion of compatible interstock matings be-
tween the geographic populations (98.8%), com-
pared to matings within the Skotjernfjell population
(94.9%), might be due to a higher proportion of
shared mating factors in the latter population.

In the small-scale analysis, most isolates represent-
ed discrete individuals and as many as 19 genets oc-
cupied a single log. The occurrence of multiple col-
onies of polypores on single substrate units has been
demonstrated, e.g., in Phellinus tremulae (Bondartz-
ev) Bondartzev & Borissov (Holmer et al 1994), F.
pinicola (Nordén 1997), and H. annosum (Garbelotto
et al 1999). In T. abietinum, we observed four groups
of isolates with identical multilocus ISSR/PCR-RFLP
genotypes, which probably represent four different
genets that produced fruit bodies on the logs. How-
ever, most isolates (91.2%) possessed a unique mul-
tilocus profile, which suggests that genets of T. abie-
tinum share small parts of the substrate, a feature that
is assumed to be typical for many early colonizers.
The genotype distributions on the logs fulfilled Har-
dy-Weinberg expectations, suggesting that random
mating also was predominant at this scale (single
log). Average heterozygote deficits were observed on
all three logs, and linkage disequilibria between some
loci might indicate some nonrandom mating or local
dispersal. He-ho mating was evidenced in vitro and
might prove to be an important phenomenon in
shaping the small-scale population structure of wood-
inhabiting basidiomycetes in nature. In a study of P.
ostreatus, a nonrandom distribution of mating factors
was observed at the level of a single substrate, sug-
gesting mating between relatives (Kay and Vilgalys
1992). Neighboring isolates also were shown to share
the same mating factor and in some cases apparently
the same nuclei in H. annosum, suggesting that he-
ho mating has taken place in co-occurring field iso-

lates (Garbelotto et al 1999). However, the nonran-
dom distribution of mating factors might have been
attributed to local dispersal of spores from the same
fruit body.
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