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Håvard Kauserud1

Department of Biology, Division of Botany and Plant
Physiology, University of Oslo, P.O. Box 1045,
Blindern, N-0316 Oslo, Norway

Abstract: Serpula lacrymans is the most notorious
decayer of wooden buildings in temperate regions.
The occurrence of geographically widespread vege-
tative compatibility groups (VCG) in S. lacrymans in
Europe is demonstrated in this study. Among 22 het-
erokaryotic isolates of S. lacrymans, five VCG were
found. The most widespread VCG included isolates
from Belgium, south and central Norway, separated
by more than 1500 km. No other genetic variation,
measured as DNA sequence variation or ISSR poly-
morphisms, was detected between the investigated S.
lacrymans isolates, whereas a considerable level of ge-
netic variation was found among five European iso-
lates of the sister taxon, S. himantioides. It is hypoth-
esised that isolates of S. lacrymans have lost their abil-
ity to recognize self from nonself due to sharing of
similar VC alleles, caused by a recent genetic bottle-
neck during the establishment in northern Europe.
Isolates re-isolated from overlapping mycelial zones
between different compatible isolates had signifi-
cantly slower growth than that of the original isolates
and the different isolates within a VCG had different
growth morphology, indicating that isolates within a
single VCG may belong to different genets.

Key words: Basidiomycota, bottleneck, popula-
tion structure

INTRODUCTION

Serpula lacrymans (Wulfen : Fr.) S.F. Gray, referred to
as the dry-rot fungus, is the most devastating wood-
rotting species in Europe, attacking houses and other
wooden structural elements. Yearly, the fungus causes
damage of millions of dollars in northern Europe. It
is cosmopolitan in distribution, recorded from hous-
es in Asia, Australia, New Zealand, Europe, and
North America (Hallenberg and Eriksson 1985,
White et al 2001). Serpula lacrymans is heterothallic
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(Harmsen 1960) and produces pancake-like fruit
bodies, 2–20 mm thick. The dry-rot fungus also is
capable of vegetative local dispersal by producing my-
celial strands with the potential to grow several me-
ters across inorganic materials in search of additional
organic materials. It also has been observed that ho-
mokaryotic isolates produce arthrospores (Schmidt
and Moreth-Kebernik 1991, Harmsen 1960). Serpula
himantioides (Fr. : Fr.) Karst., which is the closest rel-
ative of S. lacrymans, has a worldwide natural distri-
bution and can be distinguished from S. lacrymans
by the thinner and more tightly connected fruit bod-
ies (Hallenberg and Eriksson 1985).

Basidiomycetes have an unpredictable population
structure due to their highly variable life histories. As
mentioned, the mode of dispersal can be vegetative
by asexual spores or mycelia, or sexual by basidio-
spores. Because basidiomycete genets frequently frag-
ment into geographically separated ramets, the indi-
viduality concept is complicated. However, genetic
identity among vegetative heterokaryons has been
suggested as the basis for the concept of individuals
in basidiomycetes (Rayner 1991). Vegetative compat-
ibility (VC), often referred to as somatic compatibility
in basidiomycetes, is the term used for their ability
to recognize self from nonself (Worrall 1997). VC re-
actions traditionally have been used to map local
population structure in basidiomycetes (e.g., Vasi-
liauskas and Stenlid 1999).

The recognition of self from nonself is regulated
by genes at one to several independent loci, of which
at least some are multiallelic (Hansen and Hamelin
1999). Two isolates are incompatible if they have dif-
ferent alleles at one or more VC loci. Differences in
population structure and history potentially can lead
to large differences in the relationship between veg-
etative compatibility and genetic uniqueness, even
within a single species (Malik and Vilgalys 1999). The
efficiency with which vegetative compatibility can de-
tect genetic identity is dependent on the number of
loci and alleles involved. In basidiomycetes, field iso-
lates (heterokaryons) tend to be incompatible when
paired (e.g., Kauserud and Schumacher 2002), sug-
gesting that VCG normally correspond to genetic in-
dividuals, although exceptions occur (Stenlid and
Vasiliauskas 1998). In ascomycetes, however, the sit-
uation is more diverse and VCG do not show a clear
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TABLE I. Isolates of S. lacrymans and S. himantioides in-
cluded in the study

Isolate nos. Origin
Year

isolated

Serpula lacrymans
SL1
SL2
SL3a

SL4a

SL5a

SL14b

SL83b

SL84b

SL85b

SL87c

SL88c

SL158
SL159
SL160
SL161
SL162
SL163
SL164
SL165
SL166

Norway: Oslo
Norway: Oslo
Germany: Bad Bevensen
Germany: Rothenburg
Germany: Berlin
Norway: Oslo
Belgium: Brussels
Belgium: Habay-la-Vieille
Belgium: Fagnoles
Norway: Oslo
Germany: Berlin
Norway: Oslo
Norway: Oslo
Norway: Drammen
Norway: Haugesund
Norway: Oslo
Norway: Rennebu
Norway: Oslo
Norway: Oslo
Norway: Oslo

2001
2002
1984
1984
1937
2002

—
—
—
—
—

2002
2002
2002
2002
2002
2002
2002
2002
2002

SL167
SL168

Norway: Oslo
Norway: Oslo

2002
2002

Serpula himantioides
SH16b

SH19b

SH22b

SH24b

SH25b

Belgium: Louvain-la-Nueve
UK: Bedgebury Pinetum
UK
Denmark
Belgium: Antwerpen

—
—
—
—
—

a Provided by O. Schmidt, University of Hamburg.
b Provided by C. Decock, Mycotheque de l’Universite cath-

olique de Louvain (MUCL).
c Provided by G. Alfredsen, Skogforsk, Norway.

association with genetic individuals (Liu et al 1996,
Jacobson and Gordon 1991). Among ascomycetes,
VCG can be spread over large distances, for example
in Ophiostoma novo-ulmi (Milgroom and Brasier
1997).

Several studies have indicated that S. lacrymans has
a narrow genetic base. Identical ITS sequences have
been observed among isolates from India and Eu-
rope (White et al 2001). Likewise, no geographic sub-
structuring has been found among global samples of
S. lacrymans using RAPD (White et al 2001). Some
ITS sequence variation normally is observed at the
intraspecific level in basidiomycetes (e.g., James et al
2001), and in most other fungi RAPD has proven suc-
cessful in distinguishing between intraspecific sub-
groups. Furthermore, a high number of mating fac-
tors usually are present in populations of heterothal-
lic basidiomycetes, apparently due to balancing selec-
tion (May 1999). In S. lacrymans, however, few
mating factors have been observed among isolates
(Schmidt and Moreth-Kebernik 1991), suggesting lit-
tle genetic diversity.

The primary observation of vegetative compatibil-
ity between isolates of S. lacrymans from different ar-
eas revealed that widespread VCG exist in this spe-
cies. This study has been undertaken to investigate
the number and distribution of VCG in northern Eu-
rope. Furthermore, the aim was to reveal whether the
observed small number of VCG is due to clonality or
instead to different genets sharing alleles at VC loci.
DNA sequencing and ISSR (RAMS) fingerprinting
were performed to evaluate the different hypotheses.
Five isolates of S. himantioides also were analyzed and
the level of genetic variation was compared to S. lac-
rymans.

MATERIALS AND METHODS

Cultures.—A total of 22 heterokaryotic cultures of S. lacry-
mans were obtained from culture collections or isolated
from buildings in Norway (TABLE I) and grown on 2% malt-
extract agar (MEA) at 19 C in the dark. In addition, five
isolates of S. himantioides were obtained from Mycotheque
de l’Universite catholique de Louvain (MUCL), Belgium
(TABLE I). Vegetative compatibility (VC) tests were carried
out by placing three 0.125 cm3 inocula of different isolates
3 cm apart on Petri plates (2% MEA), incubating at 19 C,
and examining after 3–4 wk. The isolates were paired in all
combinations twice (on MEA) to assess the reproducibility
of the VC reactions. VC tests also were performed on po-
tato-dextrose agar (PDA) to see whether the reactions were
different on another medium. EstimateS, downloaded from
http://viceroy.eeb.uconn.edu/estimates (Colwell 1997),
was used to calculate the accumulation curve of VCG rich-
ness against sampling effort, with 500 randomized itera-
tions. New isolates (0.125 cm3 inocula) were re-isolated

from the overlapping zone between all compatible isolates
and grown on 2% MEA for 2 wk. The radial maximum and
minimum distance of the mycelial front were measured,
and the average was used further as a measure of growth
(mm per 24 h). Radial growth was compared to the radial
growth rate of the original cultures and to re-isolations from
self-pairings.

Molecular methods.—DNA was extracted from all isolates us-
ing the 2% CTAB miniprep method described by Murray
and Thompson (1980) with minor modifications: DNA was
resuspended in 100 mL sterile dsH2O at the final step of
extraction, and DNA templates were diluted 50-fold before
PCR amplification. PCR amplification was accomplished us-
ing the primers ITS4 and ITS5 (White et al 1990) for the
ITS1-5.8S-ITS2 nrDNA region, primers B36F (CACCCACT-
CCCTCGGTGGTG) and B12R (CATGAAGAAGTGAAGAC-
GCGGGAA) for the partial beta tubulin (tub) region (Thon
and Royse 1999) and primers EF595F (CGTGACTTCATCA-
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AGAACATG) and EF1160R (CCGATCTTGTAGACGTCC-
TG) for the partial translation elongation factor 1 alpha
(tef) region (Kauserud and Schumacher 2001). The tub and
tef regions include exon as well as intron regions. PCR was
performed in 30 mL reactions containing 17.5 mL 503 di-
luted template DNA and 12.3 mL reaction mix (final con-
centrations: 4 3 250 mM dNTPs, 0.625 mM of each primer,
2 mM MgCl2 and 1 unit DyNazymey II DNA polymerase
[Finnzymes Oy, Espoo, Finland]) on a Biometra thermo-
cycler. The ITS and tef amplification program was 4 min at
94 C, followed by 37 cycles of 30 s at 94 C, 35 s at 54 C, 72
C for 40 s, and a final extension step at 72 C for 10 min
before storage at 4 C. A similar program was used to amplify
tub, except that the annealing temperature was 55 C. tef
PCR products were obtained only from two S. himantioides
isolates (SH16 and SH24), apparently due to primer mis-
match. Automated sequencing was performed on a
MegaBACEy 500 DNA Analysis System (Amersham Biosci-
ences, Ohio) using the DYEnamicy ET Dye Terminator Cy-
cle Sequencing Kit (Amersham Biosciences, Buckingham-
shire, England) according to the producer’s directions.
PCR products and cycle sequencing products were cleaned
respectively with the ExoSAP-IT and AutoSeq96y Dye Ter-
minator Clean-up Kits according to the producer’s direc-
tions (Amersham Biosciences, Ohio). GenBank accession
numbers for the sequences are AJ518881–AJ518907 (ITS),
AJ518064–AJ518090 (tub) and AJ518908–AJ518931 (tef).

ISSR amplification was performed in 30 mL reactions us-
ing the same reaction mixture and concentrations as above,
except that the concentration of the ISSR primers was dou-
bled. ISSR primers were adopted from Hantula et al (1996)
and Vainio and Hantula (1999). The program for the ISSR
reactions was: 5 min at 95 C, followed by 37 cycles of 30 s
at 95 C, 35 s annealing at various temperatures (see below),
72 C for 40 s, and a final extension step at 72 C for 10 min
before storage at 4 C. These annealing temperatures were
used for the three ISSR primers (optimized on a Biometra
gradient thermocycler): 59 C for DHB(CGA)5, 46 C for
DYD(CT)7C, and 63 C for VDH(TCG)5, where D 5 G/A/
T, H 5 A/T/C, B 5 C/G/T, Y 5 C/T and V 5 A/C/G.
Primers DBV(CAT)5 and DDB(CCA)5 also were tested but
gave no distinct products for S. lacrymans. Replicated PCR
amplifications were performed on all isolates twice to assess
the reproducibility of the ISSR fragments. ISSR products
were separated on 2% agarose gels stained with ethidium
bromide, using 0.53 TBE as running buffer. Results were
recorded by photographing the gels over UV light.

RESULTS

Vegetative compatibility groups.—All heterokaryotic
isolates (n 5 22) were paired in all combinations
twice on MEA and once on PDA, which gave identical
outcomes. In FIG. 1, typical compatible and incom-
patible reactions are shown. The confrontations
yielded an overall occurrence of five VCGS, referred
to as VCG-A to VCG-E. The geographical distribu-
tions of the VCGS in northern Europe are shown in
FIG. 2. The five VCGS had widespread distributions,

all occurring both in Norway and Belgium/Germany.
One VCG included six isolates, two VCGS included
five isolates, and two VCGS included three isolates
(TABLE II). The most frequently occurring group
(VCG-E) included one isolate from Belgium, four
from southeastern Norway (Oslo) and one from
southwestern Norway (Haugesund). VCG-A, a second
widespread group, included one isolate from Bel-
gium, three from southeastern Norway and one from
central Norway (Rennebu) (FIG. 2). VCG-B included
one old isolate from Berlin (SL5) sampled in 1937,
as well as a Norwegian isolate sampled in 2002 and
isolate SL85 from Belgium (year of collection un-
known). In Oslo two isolates (SL162 and SL168) of
different VCG type (D and E) were sampled respec-
tively in the fourth and fifth floor of the same build-
ing. FIGURE 3 illustrates the cumulative richness of
observed VCG types against sampling effort and in-
dicates that most of the existing VCG in this region
probably have been detected. The shape of the curve
indicates that sampling of more isolates probably
would not increase the number of VCG groups.

Growth.—Mycelia from the overlapping zone be-
tween vegetative compatible isolates were transferred
and radial growth measured. As shown in TABLE II,
the original cultures had an average growth of 2.48
6 0.40 mm per 24 h and the re-isolated isolates only
1.60 6 0.61 mm per 24 h, a highly significant differ-
ence (t-test, P , 0.0001). Some of the re-isolated iso-
lates showed a distinctly reduced growth rate and an
abnormal cultural morphology. Re-isolations from
self-pairings had the similar growth as the original
isolates (data not shown). In most cases the two com-
patible isolates meeting in the overlapping zone were
not integrated into one homogenous culture when
re-isolated but grew out as two distinct growth forms
with mycelial continuity (FIG. 4). These results indi-
cate that the vegetatively compatible isolates appar-
ently do not belong to the same genet. Isolates within
a single VCG often had highly variable growth rates.
For example, in VCG-E, growth varied from 1.58 mm
per 24 h (SL87) to 3.17 mm (SL84).

DNA sequencing and ISSR analyses.—The ITS1-5.8S-
ITS2 (ITS) region and the partial tub and tef regions
were amplified and sequenced from the 22 S. lacry-
mans and the five S. himantioides isolates (except for
three isolates of S. himantioides for tef). In S. lacry-
mans, the ITS, tub and tef products, 594, 434 and 506
bp in length respectively, yielded identical sequences
and thus were unable to differentiate among either
isolates or VCG. The S. lacrymans sequences differed
from S. himantioides in ITS, tub and tef. Among the
five S. himantioides isolates, one variable site was
found in ITS, and three were found in tub (TABLE



235KAUSERUD: WIDESPREAD VCGS IN S. LACRYMANS

FIG. 1. Vegetative confrontations between three isolates of Serpula lacrymans on 2% malt-extract agar, of which two isolates
are compatible (SL161/SL158) and two pairs are incompatible (SL159/SL161 and SL159/SL158).

III). In tef, nine variable sites differed between two S.
himantioides sequences (SH16 and SH24). Further-
more, the ISSR analyses yielded no variation between
the 22 S. lacrymans isolates, whereas some variation
occurred between the five S. himantioides isolates
(FIG. 5). The DBH(CGA)5 primer yielded three dis-
tinct and constant fragments in S. lacrymans and a
variable number of fragments in S. himantioides. The
DYD(CT)7C primer yielded five constant fragments
in S. lacrymans and a variable number of fragments
in S. himantioides. The VDH(TCG)5 primer yielded
two constant fragments in S. lacrymans and one in S.
himantioides (data not shown). Primers DBH(CGA)5

and DYD(CT)7C were in combination able to sepa-
rate all S. himantioides isolates.

DISCUSSION

In this study, the occurrence of five geographically
widespread VCG has been demonstrated among Eu-
ropean isolates of S. lacrymans. Different explana-
tions might account for this observation: (i) each
VCG might represent an inbred lineage caused by
selfing; (ii) each VCG might represent a single genet
that has undergone clonal dispersal; or (iii) the veg-

etative compatible reactions are caused by the shar-
ing of similar VC alleles by different genets.

The first explanation apparently can be ruled out;
S. lacrymans several times has been proven to be an
outcrossing heterothallic fungus (Schmidt and Mor-
eth-Kebernik 1991, Harmsen 1960). In contrast, in
Stereum sanguinolentum (Alb. & Schwein. Fr.) Fr., it
has been demonstrated that secondary homothallism
has resulted in the widespread occurrence of VCG
groups (Stenlid and Vasiliauskas 1998). In Amyloster-
eum areolatum (Fr.) Boidin, a tree pathogenic basid-
iomycete spread by a wood wasp, clonality has led to
the occurrence of widely dispersed VCG (Vasiliaus-
kas, Stenlid and Thomsen 1998).

However, the second hypothesis (clonal dispersal)
cannot be ruled out fully. Arthrospores have been
observed in cultures of homokaryotic mycelia
(Schmidt and Moreth-Kebernik 1991, Harmsen
1960), but as far as I know, it never has been ob-
served that mitospores are produced by heterokary-
otic mycelia. Serpula lacrymans has the ability to pro-
duce mycelial strands, but this is apparently impor-
tant only for short-distance dispersal, e.g., within
buildings. Another argument against the ‘‘clonality
hypothesis’’ is the observation of reduced growth of
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FIG. 2. Geographical distribution of S. lacrymans isolates
and VCG in northern Europe.

TABLE II. Vegetative compatibility groups and growth rates
(mm per 24 h) of the 22 S. lacrymans isolates. The isolates
are grouped into five different VCGs (A–E). The average
growth rate of re-isolated isolates was 1.60 6 0.61 (see text)

Isolates VCG
Growth rate

isolates
VCG

growth rate

SL1
SL83
SL160
SL164
SL167

A
A
A
A
A

2.62
2.19
2.54
2.73
2.62

2.53 6 0.21

SL2
SL5
SL85

B
B
B

1.58
2.62
1.75

1.98 6 0.56

SL3
SL159
SL168

C
C
C

2.69
2.50
2.92

2.71 6 0.21

SL4
SL14
SL88
SL163
SL165

D
D
D
D
D

2.73
2.31
2.69
2.73
2.73

2.64 6 0.19

SL84
SL87
SL158
SL161
SL162
SL166

E
E
E
E
E
E

3.17
1.58
2.50
2.58
2.42
2.42

2.44 6 0.51

Average 2.48 6 0.40

FIG. 3. Graph showing the cumulative richness of dif-
ferent VCG types against sampling effort, constructed by
random resampling of a variable number of isolates (1–22).
The bold line shows the mean value from 500 randomized
resamplings and the stippled lines indicate standard devia-
tions. The graph indicates that only five VCG (those de-
tected) may exist in northern Europe.

isolates re-isolated from the zone between compatible
isolates. If compatible isolates belong to the same
genet, it is not expected that reduced growth and
abnormal cultural morphology should occur among
re-isolated isolates. They should have the same via-
bility as the original cultures. Reduced growth is like-
ly caused by conflicts between different genomes pre-
sent in the vegetative compatible isolates. As seen in
FIG. 4, it appears that the re-isolated isolates in fact
contain genetic mosaics, where the original isolates
grow side by side interconnected through mycelia.
Isolates within a single VCG often had highly variable
growth and also variable cultural morphology (e.g.,
variation in colorization), which indicate that in fact
some genetic variation is present. Furthermore, some
of the isolates of a single VCG were found to be sep-
arated by up to 1500 km and were isolated in time
by up to 65 y, observations which make the ‘‘clonality
hypothesis’’ less likely. The lack of a distinct geo-
graphic pattern of the different VCG does not sup-
port clonal dispersal in S. lacrymans either. A more
prominent relationship between geographic distri-
bution and distribution of VCGS then would have
been expected. The lack of geographic structuring
of the VCGS instead might indicate that S. lacrymans
has a high basidiospore dispersal capacity. However,

long-distance transportation of colonized wood can-
not be ruled entirely out as a possible explanation.

A more likely explanation for the observed pat-
terns in S. lacrymans could be that isolates within a
VCG often share the same VC alleles due to little
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FIG. 4. a. Isolate SL4 showing normal growth of S. lacrymans on 2% MEA. b and c. Isolates re-established from the
interaction zone between the vegetative compatible isolates SL5 and SL85 (b) and SL160 and SL164 (c). No incompatibility
zone exists between the two growth forms.

TABLE III. Variable sequence sites detected in ITS, tub and tef in the S. himantioides isolates. Only two tef sequences were
obtained, apparently due to primer mismatch

Posi-
tion

ITS

4
3
6

tub

2–3
9
3

3
8
2

tef

4

1
8
5

2
9
5

3
2
3

3
3
6

3
4
3

3
4
5

3
5
7

4
6
0

SH16
SH19
SH22
SH24
SH25

C
C
C
T
Yb

AG
AG
AG
AG
GA

—
—
—
—
G

A
G
Ra

G
A

G

—

G

A

—

A

Ra

G

—

C

C

T

—

A

—

A

C

—

a R 5 A/G.
b Y 5 C/T.

genetic variation in the European population. The
lack of genetic variation in the European S. lacry-
mans population contrasts the ITS, tub, tef and ISSR
variation observed among five European isolates of
the sister taxon S. himantioides. Some ITS sequence
variation normally is observed at the intraspecific lev-
el in basidiomycetes. For example, between Scandi-
navian isolates of the wood-decayers Fomitopsis rosea
(Alb. et Schw. Fr.) Karst. (n 5 16), Phellinus nigrolim-
itatus (Romell) Bourdot & Galzin (n 5 10), and Tri-
chaptum abietinum (Dicks. : Fr.) Ryvarden (n 5 7) 6,
20 and 10 mutations occurred in the ITS (Kauserud
and Schumacher 2002, Kauserud 2001). Likewise,
three, five and five variable sites were observed in
these three species in the same tef region as studied
here. Furthermore, the ISSR method has a proven
ability to distinguish between closely related isolates
of a fungal species. For example, this method was
used to separate European isolates of Heterobasidion
annosum (Fr.) Bref. (Vainio and Hantula 1999).

Overall it seems reasonable to conclude that S. lac-
rymans has experienced a genetic bottleneck during

its establishment in northern Europe. This might
have been connected to the period when people in
this area started to use wood as building material.
The occurrence of a few VCGS often has been taken
as evidence of limited sexual reproduction. However,
this may not always be the case and few VCGS merely
may reflect limited genetic variation in an otherwise
sexually reproducing population. In this study, only
five different VCGS were found among 22 isolates.
The accumulation curve in FIG. 3 indicates that very
few VCGS, perhaps only those very few observed, ex-
ist in northern Europe. In other words, vegetative
compatibility may be a poor indicator of genetic
identity in S. lacrymans. A precedent for this occurs
in the basidiomycete Suillus granulatus (L. : Fr.) O.
Kuntze, for which vegetative compatible isolates were
demonstrated not to be genetically identical ( Jacob-
son et al 1993).

In a mating study between 10 S. lacrymans isolates
(eight European and two Australian), a limited num-
ber of mating factors (four A and five B factors) were
found (Schmidt and Moreth-Kebernik 1991). This
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FIG. 5. Agarose gels of PCR-amplified ISSR fragments of 22 heterokaryotic isolates of Serpula lacrymans and five hetero-
karyotic isolates of S. himantioides, all derived from northern Europe (TABLE I). Fragments on the upper and lower gels
were amplified with primers DHB(CGA)5 and DYD(CT)7C, respectively. All S. lacrymans ISSR products are monomorphic,
while some variation is observed among the S. himantioides isolates. M 5 size markers (X-174 DNA digested with HaeIII).

parallels the observation of a limited number of VC
alleles in S. lacrymans. The observation by Schmidt
and Moreth-Kebernik contrasts the common view
that high numbers of mating factors exist in basid-
iomycete populations but supports the hypothesis
that S. lacrymans has experienced a recent and nar-
row genetic bottleneck. The extant knowledge indi-
cates that S. lacrymans has experienced much in-
breeding in northern Europe. Basidiospores of S. lac-
rymans do not germinate readily in culture, which
hypothetically could be a result of inbreeding de-
pression. However, S. lacrymans has a highly viable
and infectious population in Northern Europe,
which does not indicate inbreeding depression. The
development of codominant markers, e.g., microsat-
ellites, for S. lacrymans probably would illuminate
this topic more thoroughly.

This study calls for more knowledge about the veg-
etative compatibility system in S. lacrymans, i.e., the
number of loci and alleles that are involved. When
the vegetative compatibility system is more fully un-
derstood, VC reactions may be used in population
genetic analysis of S. lacrymans, as has been done in
Cryphonectria parasitica (Milgroom and Cortesi 1999)
using tester strains. Refined molecular analyses, such
as AFLP or microsatellite analysis, are necessary to
demonstrate finally whether the occurrence of wide-
spread VCG in S. lacrymans is due to the sharing of
VC alleles rather than to clonality.
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