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Abstract

To develop a method for the discrimination of basidiomycete species and strains with
vegetative mycelia, DNAs isolated from the mycelia of Coprinus and Tricholoma strains,
were subjected to random amplified polymorphic DNA (RAPD) analysis. Seven Coprinus
species could be distinguished, clearly showing species-specific DNA patterns in the RAPD
analysis. One specimen of unknown Coprinus strain was identified as C. cinereus by this
method. Six strains of C. cinereus and 4 of C. angulatus could also be distinguished by the
presence of strain-specific RAPD fragments. Five members of the Tricholoma family, T.
matsutake and related 4 species, also showed species-specific DNA patterns in the RAPD
analysis. The discrimination of 7richoloma species was confirmed by cluster analysis based
on 192 RAPD fragments. The 5 species could be clearly divided into 5 groups in complete
agreement with the taxonomic classification. RAPD analysis of mycelial DNA, as shown in

these studies, is a suitable method for distinguishing basidiomycete species and strains.
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Introduction

Basidiomycetes are mainly classified based on the
morphology of fruit bodies. However many strains
of basidiomycete species do not form fruit bodies
readily, if not at all, under experimental conditions.
The development of a simple method for distinguish-
ing species or strains with vegetative mycelia, there-
fore, is important.

Recently, molecular markers, such as isozymes,
restriction fragment length polymorphisms (RFLP)
and random amplified polymorphic DNA (RAPD)
have been used to detect genetic differences in spe-
cies and strains of basidiomycetes. Among these
molecular markers, RAPD, which was introduced
by the use of polymerase chain reaction (PCR) with
arbitrary 10-mer primers'?, can express DNA varia-
tions for distinguishing basidiomycete species and
strains with less labor and high reliability™®.

We used RAPD analysis for 2 basidiomycete
groups, Coprinus species and Tricholoma species.
Coprinus species, mainly C. cinereus, have been used
as a model material for basic studies on basidiomy-
cetes since they grow rapidly with a short life cycle

span. We used Coprinus species to develop the
RAPD method for the discrimination of basidiomy-
cete species. Although 7. matsutake (S. Ito and Imai)
Singer is the most valuable edible mushroom in
Japan, fruit body formation of T. matsutake under
artificial conditions has not been achieved yet. Dis-
crimination of T. matsutake based on the morpholo-
gy of mycelia is almost impossible, because there
are no clamps. This paper describes the successful
application of the RAPD method.

Materials and methods

1) Strains and culture conditions

Coprinus and Tricholoma strains examined are list-
ed in Table 1. To maintain the strains, MYG medium
[1.0% (w/v) of malt extract (Difco, USA), 0.4% (w/v)
of yeast extract (Difco, USA) and 0.4% (w/v) of glu-
cose] with 1.5% (w/v) agar was used. For DNA ex-
traction, mycelia of each strain were inoculated into
20 mL of liquid MYG medium each in 100 mL flasks,
and cultured statically at 30°C for 2-3 days for the
Coprinus strains, or at 20°C for 1-2 months for the
Tricholoma strains. Harvested mycelia were stored at
-20°C for DNA extraction.
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2) DNA extraction and PCR reaction

Mycelial DNA of each Coprinus strain was ex-
tracted by the method of Doyle and Doyle (1987)".
DNA amplification was performed following a
modification of the protocol of Williams et al.
(1990)'". The reaction mixtures contained 10 mM
Tris-HCI, pH 8.3, 50 mM KCI, 1.5 mM MgCl;,
0.2 mM of dATP, dCTP, dTTP, and dGTP, 1 pM
of primer, 0.4 U of recombinant Tag DNA polymer-
ase (Takara, Japan), and 10 ng of genomic DNA
in a total volume of 10 gL. Twelve decamer oligo-
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nucleotides were used as RAPD primers (Table 2).
Amplification was carried out in a Program Temp
Control System PC-800 (ASTEC, Japan) by the fol-
lowing procedure: initial denaturation at 94°C for
2 min; 45 cycles of 94°C for 30 s, 36°C for | min
and 72°C for 2 min; and final extension at 72°C
for 2 min.

For the Tricholoma strains, total DNA was ex-
tracted from mycelia as described by Draper et al.
(1988)”. RAPD analysis was performed following
a modification of the protocol of Williams et al.
(1990)*". The reaction mixtures contained 10 mM

Table 1. Strains of Coprinus and Tricholoma species examined

Species Strain Source (collection sites)
Coprinus angulatus Peck 225 Okayama Univ.®
516 Okayama Univ.®
624 Okayama Univ.®
711 Okayama Univ.®
C. atramentarius (Bull.: Fr.) Fr.  MAFF430151 G.B.W
C. cinereus (Schaeff.: Fr.) 8. F. Wild NFRI¢
Gray 5005 Okayama Univ.®
5309 QOkayama Univ.®
5312 Okayama Univ.™
5338 Okayama Univ, ™
5348 Okayama Univ.®
FRI Protoplast regenerant of Fis¢?
C. comatus (Muller: Fr.) 7T NFRI
uT NFRI
C. disseminatus (Pers.: Fr.) E022 Forestry and Forest Products
Research Institute
C. micaceus (Bull.: Fr.) Fr. A3428 Forestry and Forest Products
Research Institute
C. sp. (species unknown) MAFF425079 G.B.
Tricholoma matsuiake MAFF460031 G.B. (Hyogo, Japan)
(8. Ito & Imai) Sing. MAFF460037 G.B. (Aomori, Japan)
MAFF460051 G.B. (Yamanashi, Japan)
MAFF460052 G.B. (Hokkaido, Japan)
MAFF460057 G.B. (China)
MAFF460070 G.B. (Kumamoto, Japan)
MAFF460101 G.B. (Korea)
T. caligaum (Viv.) Ricken MAFF460044 G.B. (Algeria)
MAFF460064 G.B. (Algeria)
T. magnivelare (Peck) Readhead ~ MAFF460081 G.B. (U.S.A)
comb. nov
T. bakamatsutake Hongo MAFF460025 G.B. (Aomori, Japan)
MAFF460087 G.B. (Hokkaido, Japan)
T. fulvocastaneurn Hongo MAFF460028 G.B. (Kohchi, Japan)
MAFF460029 G.B. (Kyoto, Japan)
MAFF460030 G.B. (Kyoto, Japan)

a); Maintained at National Food Research Institute for more than 10 years,
b): Genebank of Ministry of Agriculture, Forestry and Fisheries, Japan.

¢): MNational Food Research Institute.
d): Fis® was supplied from the University of Tokyo, maintained at NFRI for more than

10 years.
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Tris-HCI (pH 8.3), 50 mM KCl, 2 mM MgCl,
0.1 mM each of dATP, dCTP, dTTP and dGTP,
0.2 uM of RAPD primer (Table 2), 0.2 U of recom-
binant Tag DNA polymerase (Takara, Japan) and
1.0 ng of genomic DNA in a total volume of 10 yL.
Amplification reactions were performed as follows:
initial denaturation at 94°C for 2 min; 30 cycles
of 94°C for 1 min, 36°C for 1 min and 72°C for
2 min; and final extension at 72°C for 2 min.
Amplified DNA was electrophoresed in 1.6%
(w/v) agarose gels, stained with 0.5 pg/L ethidium
bromide, and photographed under UV light,

3) RAPD data analysis for Tricholoma species
Each polymorphic fragment was treated as a unit
character, and compared between each pair of
strains. The percentage of different fragments in
each pair of strains was obtained by the following
calculation: 100 x number of different fragments/

Table 2.
Tricholoma strains

number of total detected fragments between the 2
strains. Cluster analysis was performed, based on
the percentage of similarity of RAPD fragments, us-
ing the unweighted-pair-group method'?.

Results and discussion

1) Discrimination of Coprinus species

Several DNA fragments from the genomic DNA
of each Coprinus strain were successfully amplified
with 12 primers. Two typical results of RAPD anal-
ysis are shown in Fig. 1-A and B. Strains of the
same species gave similar RAPD patterns which in-
cluded several DNA fragments of equivalent length
(sample lanes 3-7, 811, and 12-13, respectively),
making it possible to distinguish the species. Strains
of different species, however, did not yield common
fragments, RAPD patterns with other 10 primers gave
similar results.

RAPD primers used for discrimination of Coprinus strains and

Sequence (5° to 37)

For Coprinus strains GACTAGCCTC
GTATCGCGGT
TGGGCACTGA
TGGTCACCGA
TGCGTGCTTG
TTCGAGCCAG
AGTGGAAGGT
ATGCCTACAG
AGCGCCATTG
CTCACCGTCC
CACCGTATCC
CACCTAGTCC

For Tricholoma strains GGCTCATGTG

S_f:quenfc (5 to 3)

GGCACTGAGG
AGGGCCGTCT
ACGACCGACA
GTCAGGGCAA
GACCGCTTGT
GTGATCGCAG
TGCCGAGCTG
GTTGCGATCC
GGTGACTGTG

A
1234567 8910111213141516

ey

Fig. 1.

B

1234567 891011121314151617

RAPD patterns of 15 Coprinus strains in 6 species

A shows the RAPD patterns produced with the primer TGGTCACCGA, and B with
AGCGCCATTG. Lanes 1 and 17, molecular size markers (A DNA digested with Hind
[11); lane 2, unknown species of C. sp. 425079; lanes 3-7, C. cinereus wild, 5309,
5312, 5338 and 5348, respectively; lanes 8-11, C. angulatus 225, 516, 624 and 711,
respectively; lanes 12, 13, C. comatus 7T and 11T, respectively; lane 14, C. micaceus
A342S5; lane 15, C. disseminatus E022; lane 16, C. atramentarius 430151.
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Fig. 2. Identification of basidiomycete strains by RAPD markers
A shows the RAPD patterns of 7 strains of Coprinus cinereus produced
with the primer TTCGAGCCAG. Lane 1, molecular size marker (A DNA
digested with Hind III); lanes 2-8, C. cinereus wild, 5005, 5309, 5312,
5348, FR1, and C. sp. 425079 identified as C. cinereus in Fig. 1, respectively.
B shows the RAPD patterns of 4 strains of C. angulatus. Lanes 1-4,
C. angulatus 225, 516, 624, and 711, respectively, generated with the primer
TGCGTGCTTG; and lanes 5-8, the same strains, respectively, generated
with the primer GACTAGCCTC. Arrows indicate polymorphic fragments.

We attempted to identify the species to which
a Coprinus strain stored as No. 425079 in the Gene-
bank of MAFF belonged (Table 1). The RAPD pat-
terns are presented in lanes No. 2 in Fig. 1-A and
B. With all the primers used, the RAPD patterns
of strain 425079 clearly showed fragments common
to C. cinereus strains, and the absence of homology
with strains of other species. Therefore, this strain
was identified as C. cinereus. Compatibility tests
of mating between strain 425079 and monokaryotic
strains of C. cinereus also gave the same results in
RAPD analysis.

Hopple Jr. and Vilgalys (1994)% detected differ-
ences in the restriction sites of rDNA between Copri-
nus and related species, and estimated their
phylogenetic relationship. However in the RAPD
patterns in this study, since different Coprinus spe-
cies showed few similarities to each other, the RAPD
patterns were not suitable for use for phylogenetic
analyses. On the other hand, the low similarity of
the patterns between species makes this technique
suitable for the discrimination of Coprinus species,
as demonstrated by the identification of the species
to which an unknown Coprinus strain belonged.

2) Discrimination of strains of C. cinereus and C.
angulatus
RAPD patterns of the Coprinus strains showed

the presence of polymorphic DNA fragments among
the strains in the same species. As shown in Fig.
2-A, 5 of such polymorphic fragments (indicated
by arrows) were found simultaneously with 4 com-
mon fragments in the RAPD patterns of 7 C. ciner-
eus strains using the primer TTCGAGCCAG. These
polymorphic fragments were strain-specific, and the
7 strains could be distinguished by the presence or
absence of these 5 polymorphic fragments which were
generated with one primer only.

The RAPD patterns for 4 strains of C. angulatus
are depicted in Fig. 2-B. One primer,
TGCGTGCTTG, gave 2 polymorphic fragments
shown in lanes 1-4. These 2 markers allowed the
diserimination of strains 225 and 711, while strains
516 and 624 could not be distinguished. Another
primer, GACTAGCCTC, amplified another poly-
morphic fragment, as shown in lanes 5-8, By the
presence or absence of this fragment, strain 516 was
clearly distinguished from strain 624. Thus, the com-
bination of 2 primers, in this case, allowed a clear
discrimination of the strains.

The clarity and simplicity of these examples in
the discrimination of the strains of C. cinereus and
C. angulatus indicated that the RAPD method is
very efficient for strain discrimination. RAPD mark-
ers specific for strains could be obtained easily, and
seemed to be useful as genetic markers.
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Several papers on the identification of strains of
Coprinus by DNA analysis have been published. Wu
et al. (1983)'® reported the presence of DNA poly-
morphisms caused by the insertion/deletion of DNA
fragments or base pair substitutions by RFLP analy-
sis of C. cinereus, and Laroche et al. (1995)" at-
tempted to group and identify C. psychromorbidus
by RAPD and RFLP analyses.

The method used to identify a strain is important
for the protection of commercial mushroom species,
like Agaricus bisporus, Lentinus edodes, Pleurotus
ostreatus, and so on. [t is easy to isolate the mycelia
of commercially superior cultivars and to culture them
without permission. To identify the cultivar, mor-
phological characters of the fruit body can not be
used, because they display wide variations with the
environmental conditions. DNA fingerprinting tech-
niques, such as RAPD, RFLP and AFLP, can
describe specific DNA variations of the cultivar, and
are useful to identify the cultivar,

3)  RAPD analysis for discrimination of Tricholoma

Species

Several amplified DNA fragments were obtained
from each of the 15 MAFF strains of the 5 Tricholo-
ma species examined using 10 RAPD primers. Most
of the RAPD primers gave several common frag-
ments among the strains in the same species, while
RAPD patterns of 5 Tricholoma species were species-
specific (Fig. 3-A). However, T. matsutake showed
similar RAPD patterns to those of T. caligatum or
T. magnivelare in some cases (Fig. 3-B). To deter-
mine whether the RAPD analysis is suitable for the
discrimination of 7. matsutake from other Tricholo-
ma species, 192 distinct RAPD fragments obtained

A 12 3 456 7 8 910111213141516

B

by 10 primers were classified, Ten fragments were
found only in 7. matsutake strains to be species-
specific, 4 were found in all the 7 T. matsutake strains
and all the 2 T. caligatum strains, 7 in all the strains
of T. matsutake, T. caligatum, and T. magnivelare,
and 1 in all the strains of T. matsutake and T. mag-
nivelare.

Based on the 192 RAPD fragments, cluster analy-
sis was performed to dectermine the relationship
between the 5 Tricholoma species. The 5 species
were clearly divided into 5 groups in complete agree-
ment with the taxonomic classification (Fig. 4). In-
traspecific similarity between each strain was
obviously higher than interspecific similarities among
all the 5 species in Tricholoma. The highest similar-
ity of 52.0% to T. matsutake was given by T. caliga-
tum. T. magnivelare, T. fulvocastaneum and T.
bakamatsutake gave 41.8, 38.7 and 24.6% similari-
ties to 7. matsutake, respectively. Since the in-
traspecific similarities among 7. matsutake strains
exceeded 85.0%, it appears that the RAPD patterns
of the T. matsutake strains can be distinguished from
those of the related species. Thus, RAPD analysis
is a suitable method for distinguishing the 5 Tricho-
loma species as well as T. matsutake from the relat-
ed species.

Six closely related species of T. matsutake have
been reported, that is, the 4 species mentioned above
and T. robustum and T, zelleri®. Among the 6 spe-
cies, 7. matsutake, T. caligatum and T, magnivelare
have been considered to be closely related in terms
of the morphology and fragrant aroma of the fruit
body, the characters of cultured mycelia, the mor-
phology of fungal colonies in soil called shiro, and
mycotrophy with coniferous trees®? ¥, As described

2 3 4 5 6 7 8 91011121314 1516

Fig. 3. RAPD patterns of strains of T. matsutake and related 4 species
A shows the RAPD patterns amplified with the primer of GACCGCTTGT, and B with
TGCCGAGCTG. Lane 1, molecular size marker (A DNA digested with Pst I); lanes 2-8, T. matsu-
rake MAFF 460031, MAFF 460037, MAFF 460051, MAFF 460052, MAFF 460057, MAFF 460070
and MAFF 460101; lanes 9 and 10, 7. caligatum MAFF 460064 and MAFF 460044; lane 11,
T. magnivelare MAFF 460081 ; lanes 12- 14, T. fulvocasianewm MAFF 460028, MAFF 460029 and
MAFF 460030, lanes 15 and 16, T. bakamatsutake MAFF 460025 and MAFF 460087,
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Fig. 4. Phylogenetic tree of Tricholoma species based on 192 RAPD fragments

above, our RAPD data corresponded to the mor-
phological classification, confirming the close rela-
tionship of these 3 species at the genetic level.

The classification of Tricholoma species has not
yet been completed, although 7. matsutake and relat-
ed species are widely distributed in the northern
hemisphere. Several species were included in T.
caligaturn which is distributed in North and Central
America, Europe and North Africa®®. Some
researchers consider that 7. matsutake is an in-
digenous species in East Asia, but Kytévuori (1988)”
stated that it was the synonym of 7. nauseosum which
is one of the species in the T. caligatum group dis-
tributed in Europe and North Africa. To define the
species and elucidate the phylogenetic relationships
of closely related Tricholoma species in more detail,
it is suggested that DNA analyses, especially RAPD
method as indicated in this study, may provide ac-
curate genetic information.
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