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ABSTRACT
The diversity of A mating type in wild strains of Lentinula edodes was extensively analyzed
to characterize and utilize them for developing new cultivars. One hundred twenty-three A
mating type alleles, including 67 newly discovered alleles, were identified from 106 wild
strains collected for the past four decades in Korea. Based on previous studies and current
findings, a total of 130A mating type alleles have been found, 124 of which were discovered
from wild strains, indicating the hyper-variability of A mating type alleles of L. edodes. About
half of the A mating type alleles in wild strains were found in more than two strains,
whereas the other half of the alleles were found in only one strain. About 90% of A mating
type combinations in dikaryotic wild strains showed a single occurrence. Geographically,
diverse A mating type alleles were intensively located in the central region of the Korean
peninsula, whereas only allele A17 was observed throughout Korea. We also found the con-
servation of the TCCCAC motif in addition to the previously reported motifs, including
ATTGT, ACAAT, and GCGGAG, in the intergenic regions of A mating loci. Sequence compari-
son among some alleles indicated that accumulated mutation and recombination would
contribute to the diversification of A mating type alleles in L. edodes. Our data support the
rapid evolution of A mating locus in L. edodes, and would help to understand the character-
istics of A mating loci of wild strains in Korea and help to utilize them for developing
new cultivars.
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1. Introduction

Mating compatibility in heterothallic Basidiomycete
fungi is determined by mating type gene(s) located
in mating type locus/loci. In the tetrapolar (bifacto-
rial) system, two genetically independent mating
type loci, A and B, regulate the viability and devel-
opment of heterokaryon: only homokaryons carry-
ing different alleles at both loci can successfully
complete the sexual development [1–3]. The A mat-
ing type locus contains two divergently transcribed
homeodomain (HD) transcription factors that gov-
ern viability and post-mating growth after cell
fusion [1–3]. The B mating type locus harbors
tightly linked pheromone and pheromone receptor
genes, which are involved in molecular recognition
and cell fusion [1–3].

Lentinula edodes, also known as shiitake or
pyogo, is an edible mushroom-forming fungus
that belongs to the Agaricales order of the
Agaricomycetes class in the Basidiomycota phylum.
It contributes to about 22% of the total mushroom
supply worldwide [4]. It is largely consumed as a
food, seasoning, and health-promoting resource

because of its unique taste and nutritional value
[5–7]. The cultivation of L. edodes began more than
800 years ago [8], and it is primarily cultivated in
East Asian countries, such as Korea, China, Japan,
and Taiwan using oak tree or sawdust. As present,
the diversification of consumers’ preferences and
global climate changes have increased the demand
for the development of new L. edodes cultivars, as
other crops [9,10]. Wild strains have been selected
under competitive and variable conditions for a
long time; thus, they may serve as genetic resources
for introducing novel traits into new cultivars
[9,10]. Information on mating types of wild strains
of L. edodes is important because it is directly
related to mating efficiency.

The B mating type locus of L. edodes consists of
two sub-loci, namely Ba and Bb. Each sub-locus
harbors specific pheromone(s) and pheromone
receptor genes [11,12]. A previous investigation of
111 dikaryotic strains, including 83 cultivated and
28 wild strains, showed 15 B mating types resulting
from recombination between five alleles of Ba sub-
locus and three alleles of Bb sub-locus [12].
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The A mating type locus of L. edodes was identi-
fied after the completion of genome sequencing
[13,14]. The locus contains a pair of HD transcrip-
tion factor genes, namely HD1 and HD2, in the
head-to-head orientation [13]. Remarkably, the
region encoding the N-termini of HD1 and HD2
and the intergenic region between HD1 and HD2
were highly variable as reported in other
Basidiomycetes [15–17], and these variable regions
were proven to be useful as an effective marker to
discriminate different A mating type alleles in L.
edodes [13,14]. Sequence analysis of this region
revealed 130A mating type alleles in 127 dikaryotic
strains, including 96 cultivated and 31 wild strains
[14]. Previous research also demonstrated the pre-
ferred selection of specific A mating type alleles in
strains cultivated in East Asian countries, such as
Korea, China, and Japan [14]. However, analysis of
the mating type alleles of L. edodes was primarily
focused on the cultivated strains at present.

To introduce the wild strains and thereby
increase genetic diversity in future breeding pro-
grams, we have collected a wide variety of wild L.
edodes strains and examined their cultural character-
istics [18]. In this study, we extensively analyzed the
sequences of the variable region in the A mating
type locus of these wild strains to characterize and
utilize them for developing new cultivars.

2. Materials and methods

2.1. Strains and culture conditions

All fungal isolates used in this study were obtained
from National Institute of Forest Science (NIFoS)
and National Academy of Agricultural Science
(NAAS). The obtained isolates were grown on
potato dextrose agar (PDA; BD Difco, MD, USA)
medium for 2weeks at 25 �C under dark condition.

2.2. Determination of A mating type sequences

Genomic DNAs were isolated from mycelia grown
on PDA using the DNeay Plant mini kit (QIAGEN,
Hilden, Germany). Amplification of the variable
regions of the A mating type loci was conducted as
reported previously [14]. The PCR products were
purified using the AccuPrep PCR/Gel DNA
Purification kit (Bioneer, Daejeon, Korea) and then
cloned into a vector using the TOPcloner Blunt kit
(Enzynomics, Daejeon, Korea) following the manu-
facturers’ instructions. The obtained clones were
sequenced by Macrogen Inc. (Seoul, Korea) using an
ABI 3730xl DNA Analyzer (Applied Biosystems,
CA, USA).

2.3. Generation of sequence logo

Conserved motifs previously found in the intergenic
region of A mating alleles were parsed out manually
in the newly identified A mating alleles. Intergenic
regions of each A mating allele containing consen-
sus motifs were aligned using MUSCLE in MEGA
11 software and the sequence logo was generated
using WebLogo 3 (https://weblogo.threeplusone.
com) [19,20].

2.4. Sequence comparison of A mating
type alleles

MUSCLE in MEGA 11 software was used to align
different A mating type alleles or clones with default
parameters. Identical bases were indicated with
black shading using Color Align Conservation pro-
gram (https://www.bioinformatics.org/sms2/color_
align_cons.html) [21].

3. Results

3.1. Hyper-diversity of a mating type in
wild strains

We analyzed sequences of the region between
homeodomains of HD1 and HD2 genes in the A
mating loci of 106 wild strains of L. edodes collected
from 1983 to 2020 in Korea (Table 1). Using the
primer set targeting consensus sequences in the
homeodomains of HD1 and HD2 genes, we ampli-
fied the variable region, spanning 50 region of HD1
gene, intergenic region, and 50 region of HD2 gene,
that could represent specific A mating type [13,14].
Because each dikaryotic strain harbor two nuclei
carrying different A mating type alleles, it is
expected to obtain 212 clones of A mating type
alleles from 106 dikaryotic strains. One hundred
ninety-five clones of A mating type alleles were
obtained, and clones for the remaining 17 alleles
could not be acquired probably because of the vari-
ation in the homeodomain region targeted by the
primers we used.

After sequence analysis of the 195 clones
obtained, we newly identified 67 alleles designated
as A64 to A130 (Table 1). Except for A69 (1511 bp)
and A129 (746 bp), the size of the newly found A
mating type alleles ranged from 1000 to 1133 bp,
with an average and standard deviation of
1083 ± 24 bp, in accordance with the previous obser-
vations (Supplementary Figure S1) [14].

A previous study on A mating type alleles of cul-
tivated and wild strains of L. edodes collected from
East Asia revealed that several A mating type alleles
were prevalent in cultivated strains (15 unique and
a total of 27 alleles in 96 strains), whereas diverse A
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mating type alleles were possessed by wild strains
(36 unique and a total of 48 alleles in 31 strains)
[14]. In this study, a total of 123A mating type
alleles were found from 106 wild strains, and more
than 80% of which (102 alleles) were found only in
wild strains. Taking together previous studies and
current findings, only six A mating type alleles (A3,
A20, A23, A25, A26, and A29) were unique to culti-
vated strains, whereas 103A mating type alleles were
unique to wild strains (Figure 1). In addition, 124A
mating type alleles have been found in 137 wild
strains, thereby supporting the hyper-diversity of A
mating type alleles in wild strains of L. edodes.

3.2. Frequency of the occurrence of A mating
type alleles in wild strains

We next investigated the occurrence of each A mat-
ing allele in wild strains. About half of the alleles
discovered in wild strains showed a single occur-
rence (Table 2). In a previous study, most alleles (41
out of 48 alleles) in wild strains were observed only
in one strain [14], but we found that about half of
the alleles in wild strains were found in multiple
strains. Among recurrently observed alleles, only
20% (A1, A2, A4, A5, A7, A8, A10, A11, A17, A27,
A28, and A30) were reported in cultivated strains.
Consistent with the previous study [14], allele A1

Table 1. Alleles of A mating type discovered in Korean wild strains of Lentinula edodes.

Strain

Collection

A mating type Strain

Collection

A mating typeSite Year Site Year

NIFoS37 Mt.Jiri 1983 A64 A65 NIFoS2498 Mt.Jungwang 2014 A36 A89
NIFoS38 Mt.Jiri 1983 A19 A62 NIFoS2499 Mt.Jungwang 2014 A89 A100
NIFoS40 Mt.Jiri 1983 A33 A57 NIFoS2500 Mt.Jungwang 2014 A46 A101
NIFoS41 Mt.Gyebang 1983 A66 A67 NIFoS2783 Mt.Jungwang 2014 A22 A102
NIFoS45 Mt.Odae 1984 A36 N.D. NIFoS3011 Mt.Hwaak 2015 A47 A54
NIFoS46 Mt.Odae 1984 A67 A68 NIFoS3117 Mt.Jungwang 2015 A37 A102
NIFoS47 Mt.Odae 1984 A67 A68 NIFoS3198 Mt.Duta 2016 A103 A104
NIFoS50 Mt.Gyebang 1984 A11 A28 NIFoS3199 Mt.Duta 2016 A105 A106
NIFoS51 Mt.Gyebang 1984 A16 A67 NIFoS3201 Mt.Odae 2016 A37 A107
NIFoS52 Mt.Gyebang 1984 A31 A69 NIFoS3202 Mt.Jumbong 2016 A108 N.D.
NIFoS53 Mt.Gyebang 1984 A11 A28 NIFoS3203 Mt.Jumbong 2016 A12 A64
NIFoS55 Mt.Jiri 1984 A58 A70 NIFoS3983 Mt.Hwaak 2017 A75 A109
NIFoS56 Mt.Jiri 1984 A30 A47 NIFoS3984 Mt.Hwaak 2017 A15 A93
NIFoS59 Mt.Jiri 1984 A17 A35 NIFoS3985 Mt.Hwaak 2017 A55 A93
NIFoS60 Mt.Jiri 1984 A34 A58 NIFoS3986 Mt.Hwaak 2017 A110 A111
NIFoS62 Mt.Odae 1985 A35 A71 NIFoS3987 Mt.Hwaak 2017 A75 N.D.
NIFoS63 Mt.Odae 1985 A59 A72 NIFoS3988 Mt.Hwaak 2017 A112 N.D.
NIFoS64 Mt.Odae 1985 A8 A73 NIFoS3989 Mt.Hwaak 2017 A75 A112
NIFoS65 Mt.Gyebang 1985 A59 A72 NIFoS3990 Mt.Hwaak 2017 A55 A75
NIFoS68 Mt.Gyebang 1985 A59 A72 NIFoS3991 Mt.Hwaak 2017 A54 N.D.
NIFoS128 Mt.Deogyu 1986 A74 A75 NIFoS3992 Mt.Hwaak 2017 A52 A75
NIFoS129 Mt.Sokri 1986 A2 A39 NIFoS4300 Mt.Halla 2018 A63 N.D.
NIFoS130 Mt.Sokri 1986 A2 A39 NIFoS4370 Mt.Hwaak 2018 A75 A93
NIFoS135 Mt.Jiri 1986 A44 A76 NIFoS4615 Mt.Hwaak 2018 A112 A113
NIFoS136 Mt.Jiri 1986 A44 A76 NIFoS4616 Mt.Hwaak 2018 A78 N.D.
NIFoS352 Mt.Odae 1996 A77 A78 NIFoS4617 Mt.Hwaak 2018 A43 N.D.
NIFoS353 Mt.Odae 1996 A37 A39 NIFoS4618 Mt.Hwaak 2018 A109 N.D.
NIFoS369 Mt.Odae 1998 A1 A37 NIFoS4619 Mt.Hwaak 2018 A78 A114
NIFoS370 Daegwallyeong 1998 A1 A5 NIFoS4961 Mt.Odae 2019 A115 A116
NIFoS663 Mt.Gyebang 2004 A52 A79 NIFoS4962 Mt.Jiri 2019 A49 A117
NIFoS667 Mt.Gyebang 2004 A4 A80 NIFoS4963 Mt.Seorak 2019 A8 A105
NIFoS668 Mt.Gyebang 2004 A62 A66 NIFoS4964 Mt.Seorak 2019 A35 A118
NIFoS670 Mt.Gyebang 2004 A79 A81 NIFoS4965 Mt.Seorak 2019 A19 N.D.
NIFoS672 Mt.Gyebang 2004 A1 A10 NIFoS4966 Mt.Seorak 2019 A58 N.D.
NIFoS674 Mt.Gyebang 2004 A44 A82 NIFoS5241 Mt.Halla 2020 A27 A119
NIFoS675 Mt.Gyebang 2004 A17 A37 NIFoS5242 Mt.Gariwang 2020 A6 A53
NIFoS676 Mt.Gyebang 2004 A83 A84 NIFoS5243 Mt.Gariwang 2020 A1 A91
NIFoS731 Mt.Jumbong 2006 A73 A85 NIFoS5244 Mt.Gariwang 2020 A84 A120
NIFoS950 Mt.Jumbong 2007 A86 A87 NIFoS5245 Mt.Jungwang 2020 A89 A100
NIFoS951 Mt.Jumbong 2007 A10 A56 NIFoS5246 Mt.Daeam 2020 A38 A121
NIFoS952 Mt.Jumbong 2007 A4 A66 NIFoS5247 Mt.Jumbong 2020 A122 N.D.
NIFoS953 Mt.Jumbong 2007 A19 A88 NIFoS5248 Mt.Jumbong 2020 A122 N.D.
NIFoS954 Mt.Jumbong 2007 A89 N.D. NIFoS5249 Mt.Jumbong 2020 A91 A123
NIFoS959 Mt.Jumbong 2007 A59 A90 NIFoS5251 Mt.Seorak 2020 A5 A65
NIFoS1152 Mt.Balwang 2009 A91 A92 NIFoS5252 Mt.Odae 2020 A46 A124
NIFoS1521 Mt.Gariwang 2011 A11 A37 NIFoS5253 Mt.Odae 2020 A58 A125
NIFoS1522 Mt.Gariwang 2011 A93 A94 NIFoS5254 Mt.Odae 2020 A51 A126
NIFoS1561 Mt.Gariwang 2011 A16 A17 NIFoS5255 Mt.Odae 2020 A127 A128
NIFoS1651 Mt.Jiri 2011 A5 A28 NIFoS5256 Mt.Odae 2020 A21 A129
NIFoS1652 Mt.Jiri 2011 A95 A96 NIFoS5257 Mt.Odae 2020 A45 A83
NIFoS2063 Mt.Hwaak 2013 A53 N.D. NAAS2089 Mt.Gariwang N.A. A65 N.D.
NIFoS2064 Mt.Hwaak 2013 A17 A97 NAAS5717 Mt.Seorak N.A. A27 A130
NIFoS2497 Mt.Jungwang 2014 A98 A99 NAAS6539 Mt.Odae N.A. A44 N.D.

N.A., not available; N.D., not detected; NIFoS, National Institute of Forest Science; NAAS, National Academy of Agricultural Science.
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was most frequently found in wild strains of the
Korean peninsula. Alleles A37 and A75 were the
second most frequent alleles, and they have not yet
been observed in cultivated strains. Nine alleles (A2,
A5, A6, A8, A15, A21, A22, A28, A31), previously
reported only in cultivated strains, were also
observed in wild strains. Moreover, allele A6,
observed only in Chinese strains, and alleles A21
and A22, observed only in Japanese strains, were
found in Korean wild strains.

The occurrence of allele combinations in wild
strains was also examined. About 90% of combina-
tions were detected in only one strain (Table 3).
The most frequent combination was A59A72, but it
only appeared three times. In addition to A1A4
and A1A7, previously reported as the combination
found both in cultivated and wild strains, A1A5,
A1A10, and A11A28 were also found in wild and
cultivated strains. Among them, A1A4, A1A5, and
A1A7 pairs were preferentially found in cultivated
strains [14].

3.3. Regional distribution of A mating type
alleles in wild strains

The Republic of Korea is located in the central and
southern parts of the Korean peninsula. Our and
previous collection sites of wild strains were distrib-
uted from Jeju Island through the southern region
to the central region of the Korean peninsula
(Figure 2(A)). Diverse A mating type alleles were
intensively discovered in the central region where
most of wild strains were collected (Figure 2(B) and
Table 4). A total of 111 alleles and 89 unique alleles
were found in this area. Thus, this mountainous
area may be the major repository of diverse genetic
resources of L. edodes in Korea. In the southern
region, 12 alleles were exclusively found, and a total
of 31 alleles were observed. Nineteen alleles were
commonly found in the central and southern
regions, including three alleles, A1, A4, and A5,
which were prevalent in cultivated strains [14].
Allele A7, the third frequent allele in cultivated
strains [14], was exclusively found in the southern
region. Previously, Ha et al. suggested that cultivated
strains might have been exposed to the wild in this
area, based on the presence of cultivar-preferred
alleles (A1, A4, and A7) and the fact that log-media-
based cultivation has been conducted in this area
[14]. However, such alleles showed low frequency in
our strains collected in this area (Table 1). In add-
ition, A1A5, the allele combination of the widely
used strain Mori290 for log cultivation, was found
only once (Table 3). Therefore, we suppose that the
exposure of cultivated strains to the wild might not
be prevalent in Korea. Further research is needed to
address this point.

Allele A119 was found to be unique in Jeju Island,
isolated from the mainland. Alleles A10, A17, A27,
and A63 were commonly found in Jeju Island and
the central region. Although four alleles found in Jeju
Island were also identified in the central region, only
one allele found in Jeju Island was identified in the

Table 2. Occurrence of A mating alleles in Korean wild strains of Lentinula edodes.
Occurrence A mating type allelea Percentage

11 A1 0.8% (1/124)
7 A37, A75 1.6% (2/124)
6 A17 0.8% (1/124)
5 A11, A19, A44, A58, A59 4.0% (5/124)
4 A35, A36, A39, A67, A89, A93 4.8% (6/124)
3 A4, A5, A10, A12, A16, A27, A28, A46, A47, A52, A53, A54, A55, A62,

A65, A66, A72, A78, A91, A112
16.1% (20/124)

2 A2, A7, A8, A30, A33, A34, A38, A43, A45, A49, A51, A56, A57, A63,
A64, A68, A73, A76, A79, A83, A84, A100, A102, A105, A109, A122

21.0% (26/124)

1 A6, A9, A13, A14, A15, A18, A21, A22, A24, A31, A32, A40, A41, A42,
A48, A50, A60, A61, A69, A70, A71, A74, A77, A80, A81, A82, A85, A86,
A87, A88, A90, A92, A94, A95, A96, A97, A98, A99, A101, A103, A104,
A106, A107, A108, A110, A111, A113, A114, A115, A116, A117, A118,
A119, A120, A121, A123, A124, A125, A126, A127, A128, A129, A130

50.8% (63/124)

aOne hundred twenty-four A mating type alleles of wild strains were discovered in this study and a previous
study [14].

Figure 1. Venn diagram showing unique and common A
mating type alleles in wild and cultivated strains of Lentinula
edodes. The number and percentage of unique and common
alleles are indicated in the circles. All alleles identified in
this study and a previous study [14] were included in
the analysis.
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southern region, even though the southern region is
closer to Jeju Island than the central region (Figure 2).
This finding might be due to the limited number of
collections from Jeju Island. Notably, only allele A17
was observed throughout Korea. The hyper-diversity of
A mating type alleles in wild strains is supported by
the observation that only one allele was found
throughout Korea.

3.4. Conserved sequences in the intergenic
regions of A mating loci

In Basidiomycetes, A mating locus consists of a
pair of divergently transcribed HD transcription
factor genes and the intergenic region that

functions as a bidirectional promoter [13–17].
Three conserved motifs, ATTGT (ACAAT in
reverse), ACAAT, and GCGGAGT, were reported
in the intergenic region of A mating locus of L.
edodes [13,14]. In verifying the presence of con-
served motifs reported previously in the newly
identified A mating type alleles and the presence
of other conserved sequences, the intergenic region
was aligned from ATTGT to ACAAT in all A mat-
ing type alleles except for three alleles (A38, A69,
and A124), which highly vary in lengths. The
sequence logo derived from 127A mating type
alleles demonstrated the conservation of the
TCCCAC motif in addition to ATTGT, ACAAT,
and GCGGAG motifs (Figure 3).

Table 3. Occurrence of A mating allele combinations in dikaryotic Korean wild strains of Lentinula edodes.
Occurrence A mating type allele combinationa Percentage

3 A59A72 0.9% (1/106)
2 A1A7, A2A39, A11A28, A17A35, A33A57, A34A58, A44A76,

A47A54, A67A68, A89A100
9.4% (10/106)

1 A1A4, A1A5, A1A10, A1A16, A1A30, A1A36, A1A37, A1A41,
A1A91, A4A66, A4A80, A5A28, A5A65, A6A53, A8A105, A9A11,
A10A17, A10A56, A11A19, A11A37, A12A13, A12A64, A14A18,
A15A93, A16A17, A16A67, A17A37, A17A97, A19A62, A19A63,
A19A88, A21A129, A22A102, A27A48, A27A119, A27A130,

A30A47, A31A69, A32A42, A35A71, A35A118, A36A59, A36A89,
A37A39, A37A60, A37A102, A37A107, A38A61, A38A121, A39A62,
A40A51, A43A52, A44A82, A45A56, A45A83, A46A53, A46A101,
A46A124, A49A12, A49A117, A50A55, A51A126, A52A75, A52A79,
A55A75, A55A93, A58A70, A58A125, A59A90, A62A66, A64A65,
A66A67, A73A85, A74A75, A75A93, A75A109, A75A112, A77A78,
A78A114, A79A81, A83A84, A84A120, A86A87, A91A92, A91A123,

A93A94, A95A96, A98A99, A103A104, A105A106, A110A111,
A112A113, A115A116, A127A128

89.6% (95/106)

aOne hundred six combinations of A mating type alleles of wild strains were discovered in this study and a previous
study [14].
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Figure 2. Regional distribution of A mating type alleles in wild strains of Lentinula edodes of Korea. (A) Map of collection sites.
Closed triangles indicate the mountains where wild strains were collected in this study and a previous study [14]. (B) Venn dia-
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3.5. Sequence diversification of A mating
type alleles

To obtain some clues on the mechanism for the
diversification of A mating type alleles, we com-
pared the sequences of 130A mating type alleles.
However, discovering any specific mechanism
underlying the diversification of A mating type at a
glance was difficult because of the high variability
among alleles (Supplementary Figure S1) [14].
Instead, we decided to compare similar sequences
by aligning the sequences of different clones for the
same allele. Allele A1 was selected for further inves-
tigation because it was the allele for that we
acquired the most diverse clones. Although we

expected that variations would primarily occur in
the intergenic region, the comparison among the
sequences of allele A1 showed the presence of single
base transitions and in-frame insertion (or deletion)
in the coding regions (Figure 4). We next compared
the sequences of alleles A67, A98, and A122, which
have the most similar sequences to one another.
Variations were concentrated in the promoter
region, and single base transitions and in-frame
insertions (or deletions) in the coding regions were
observed (Figure 5). One interesting feature was the
observation of small blocks where the same sequen-
ces were shared between two alleles, implying
recombination. Collectively, accumulated base

Table 4. Regional distribution of A mating type alleles in Korean wild strains of Lentinula edodes.
Region Mountain Strains A mating type allelea

Jeju Island Halla 3 A10, A17, A27, A63, A119
Southern region of the
Korean peninsula

Jiri 17 A1, A5, A7, A16, A17, A19, A28, A30, A33,
A34, A35, A44, A47, A49, A57, A58, A62, A64,

A65, A70, A76, A95, A96, A117
Deogyu 3 A1, A7, A12, A13, A74, A75
Jeoksang 1 A1, A4
Sokri 2 A2, A39

Central region of the
Korean peninsula

Gariwang 9 A1, A6, A11, A16, A17, A24, A37, A45, A53,
A56, A65, A84, A91, A93, A94, A120

Jungwang 7 A22, A36, A37, A46, A89, A98, A99, A100,
A101, A102

Duta 2 A103, A104, A105, A106
Balwang 1 A91, A92

Daegwallyeong 1 A1, A5
Gyebang 19 A1, A4, A10, A11, A16, A17, A28, A31, A37,

A38, A39, A40, A44, A51, A52, A59, A60, A61,
A62, A66, A67, A69, A72, A79, A80, A81, A82,

A83, A84
Odae 20 A1, A8, A19, A21, A35, A36, A37, A39, A44,

A45, A46, A51, A58, A59, A63, A67, A68, A71,
A72, A73, A77, A78, A83, A107, A115, A116,

A124, A125, A126, A127, A128, A129
Jumbong 18 A1, A4, A10, A12, A19, A30, A32, A36, A41,

A42, A43, A49, A52, A56, A59, A64, A66, A73,
A85, A86, A87, A88, A89, A90, A91, A108,

A122, A123
Seorak 13 A5, A8, A9, A11, A14, A18, A19, A27, A35,

A36, A46, A48, A50, A53, A55, A58, A59, A65,
A105, A118, A130

Hwaak 20 A15, A17, A43, A47, A52, A53, A54, A55, A75,
A78, A93, A97, A109, A110, A111, A112,

A113, A114
Daeam 1 A38, A121

aOne hundred twenty-four A mating type alleles of wild strains were discovered in this study and a previous study [14].

Figure 3. Sequence logo for conserved motifs in the intergenic regions of A mating type loci of Lentinula edodes strains. The
sequence logo was created by using the sequences of the region from ATTGT to GCGGAGT in the intergenic regions of 127 A mating
type alleles. The position of bases and the information content measured in bits are indicated on the x- and y-axes, respectively.
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transition, in-frame insertion (or deletion), and
recombination would contribute to the diversifica-
tion of A mating type alleles in L. edodes.

4. Discussion

4.1. Diversity of A mating type alleles in Korean
wild strains

We extensively examined the diversity of A mating
type alleles in Korean wild strains of L. edodes by
sequence analysis on the variable region, represent-
ing a specific A mating type [13,14]. Two different
A mating type alleles were determined in every 89

strains among 106 dikaryotic wild strains (Table 1).
Most of these strains (76 out of 89 strains) had
unique allele combinations (Table 3), indicating that
the wild strains analyzed in this study are not recur-
rently collected but genetically diverse. Only a single
allele was identified in the remaining 17 strains
among 106 strains (Table 1). Based on the current
findings and previous studies, a single allele could
not be determined in 13.9% of wild dikaryotic
strains (19 out of 137 strains), probably because of
amplification failure caused by variations in the
regions targeted by the primers used. Therefore, it is
expected that more diverse A mating type alleles are

A1_L54A      GTGCTTCGTATGCTGGGATGGAGGATTGGCGGGTTGGGGGTGGGGGTGTGGAGGGGCGTGGGTGTTTCTCTGCGTGTTCCTTCACGGCTTCCATGATTTT 100 
A1_NIFoS370  GTGCTTCGTATGCTGGGATGGAGGATTGACGAGGTGCGGGTGGGGGTGTGGAGGGGCGTGGGTGTTTCTCTGCGTGTTCCTTCACGGCTTCCATGATTTT 100 
A1_NIFoS369  GTGCTTCGTATGCTGGGATCGAGGATTGACGGGTTGGGGGAGGGGGTGTGGAGGGGCGTGGGTGTTTCTCTGCGTGTTCCTTCACGGCTTCCATGATTTT 100 
A1_NIFoS5243 GTGCTTCGTATGCTGGGATCGAGGATTGACGGGTTGGGGGAGGGGGTGTGGAGGGGCGTGGGTGTTTCTCTGCGTGTTCCTTCACGGCTTCCATGATTTT 100 
A1_NIFoS672  GTGCTTCGTATGCTGGGATCGAGGATTGACGGGTTGGGGGAGGGGGTGTGGAGGGGCGTGGGTGTTTCTCTGCGTGTTCCTTCACGGCTTCCATGATTTT 100

A1_L54A      AGGAAGCCCGCGAGTTTCGAAAAAATGCTGCATCCCGTCTCGAAGTTTCTCTATGAGATTAGGAAGCTGATCGTGTAGTTGTGAGGCTGAAGTTTCGGCC 200 
A1_NIFoS370  AGGAAGCCCGCGAGTTTCGAAAAAATGCTGCATCCCGTCTCGAAGTTTCTCTATGAGATTAGGAAGCTGATCGTGTAGTTGTGAGGCTGAAGTTTCGGCC 200 
A1_NIFoS369  AGGAAGCCCGCGAGTTTCGAAAAAATGCTGCATCCCGTCTCGAAGTTTCTCTATGAGATTAGGAAGCTGATCGTGTAGTTGTGAGGCTGAAGTTTCGGCC 200 
A1_NIFoS5243 AGGAAGCCCGCGAGTTTCGAAAAAATGCTGCATCCCGTCTCGAAGTTTCTCTATGAGATTAGGAAGCTGATCGTGTAGTTGTGAGGCTGAAGTTTCGGCC 200 
A1_NIFoS672  AGGAAGCCCGCGAGTTTCGAAAAAATGCTGCATCCCGTCTCGAAGTTTCTCTATGAGATTAGGAAGCTGATCGTGTAGTTGTGAGGCTGAAGTTTCGGCC 200

A1_L54A      AGATTGCGGGACAATTGGTCGAATTGCCTAGTATAGCTGTCGACCATTTCGTCAAGTGAATGAGATATAGCACCACGGGCGCGCGAAGAAAGTTGGTACT 300 
A1_NIFoS370  AGATTGCGGGACAATTGGTCGAATTGCCTAGTATAGCTGTCGACCATTTCGTCAAGTGAATGAGATATAGCACCACGGGCGCGCGAAGAAAGTTGGTACT 300 
A1_NIFoS369  AGATTGCGGGACAATTGGTCGAATTGCCTAGTATAGCTGTCGACCATTTCGTCAAGTGAATGAGATATAGCACCACGGGCGCGCGAAGAAAGTTGGTACT 300 
A1_NIFoS5243 AGATTGCGGGACAATTGGTCGAATTGCCTAGTATAGCTGTCGACCATTTCGTCAAGTGAATGAGATATAGCACCACGGGCGCGCGAAGAAAGTTGGTACT 300 
A1_NIFoS672  AGATTGCGGGACAATTGGTCGAATTGCCTAGTATAGCTGTCGACCATTTCGTCAAGTGAATGAGATATAGCACCACGGGCGCGCGAAGAAAGTTGGTACT 300

A1_L54A      TTTCCACTTGTTCATGAAAAGTAGGAGGAATAGCAAGTTGTAACGGTGAGACGTGGATATGCGTTGTGGTTCCATGTTGAGATTCCAAAGGTCCAAAGCG 400 
A1_NIFoS370  TTTCCACTTGTTCATGAAAAGTAGGAGGAATAGCAAGTTGTAACGGTGAGACGTGGATATGCGTTGTGGTTCCATGTTGAGATTCCAAAGGTCCAAAGCG 400 
A1_NIFoS369  TTTCCACTTGTTCATGAAAAGTAGGAGGAATAGCAAGTTGTAACGGTGAGACGTGGATATGCGTTGTGGTTCCATGTTGAGATTCCAAAGGTCCAAAGCG 400 
A1_NIFoS5243 TTTCCACTTGTTCATGAAAAGTAGGAGGAATAGCAAGTTGTAACGGTGAGACGTGGATATGCGTTGTGGTTCCATGTTGAGATTCCAAAGGTCCAAAGCG 400 
A1_NIFoS672  TTTCCACTTGTTCATGAAAAGTAGGAGGAATAGCAAGTTGTAACGGTGAGACGTGGATATGCGTTGTGGTTCCATGTTGAGATTCCAAAGGTCCAAAGCG 400 

A1_L54A      GGATTCGTGACGATTCTTCAGTAATGCATGAGAACTTGAGATACGTTGCCGTATTTCTTCGAGCTGTTGTTGAAAATTCATTTGGAATGTACGAGCTTCA 500 
A1_NIFoS370  GGATTCGTGACGATTCTTCAGTAATGCATGAGAACTTGAGATACGTTGCCGTATTTCTTCGAGCTGTTGTTGAAAATTCATTTGGAATGTACGAGCTTCA 500 
A1_NIFoS369  GGATTCGTGACGATTCTTCAGTAATGCATGAGAACTTGAGATACGTTGCCGTATTTCTTCGAGCTGTTGTTGAAAATTCATTTGGAATGTACGAGCTTCA 500 
A1_NIFoS5243 GGATTCGTGACGATTCTTCAGTAATGCATGAGAACTTGAGATACGTTGCCGTATTTCTTCGAGCTGTTGTTGAAAATTCATTTGGAATGTACGAGCTTCA 500 
A1_NIFoS672  GGATTCGTGACGATTCTTCAGTAATGCATGAGAACTTGAGATACGTTGCCGTATTTCTTCGAGCTGTTGTTGAAAATTCATTTGGAATGTACGAGCTTCA 500 

A1_L54A A    AGCTGCAAGAGTCGTAACCTTTACTGACTTGGTGGTCATTGTTCGCTGTGTATGGTATGAAATTCCCACGGAGGACAATGGGCGGAGTATGAAAAGCTCT 600 
A1_NIFoS370  AGCTGCAAGAGTCGTAACCTTTACTGACTTGGTGGTCATTGTTCGCTGTGTATGGTATGAAATTCCCACGGAGGACAATGGGCGGAGTATGAAAAGCTCT 600 
A1_NIFoS369  AGCTGCAAGAGTCGTAACCTTTACTGACTTGGTGGTCATTGTTCGCTGTGTATGGTATGAAATTCCCACGGAGGACAATGGGCGGAGTATGAAAAGCTCT 600 
A1_NIFoS5243 AGCTGCAAGAGTCGTAACCTTTACTGACTTGGTGGTCATTGTTCGCTGTGTATGGTATGAAATTCCCACGGAGGACAATGGGCGGAGTATGAAAAGCTCT 600 
A1_NIFoS672  AGCTGCAAGAGTCGTAACCTTTACTGACTTGGTGGTCATTGTTCGCTGTGTATGGTATGAAATTCCCACGGAGGACAATGGGCGGAGTATGAAAAGCTCT 600 

A1_L54A      CTTTTAACACTCCGACTGCATTTCCGAATTCCGAATTATACCACAACCAACCCTCCTCAGGCAATGTCGTCCACCGTCAATGTCGATCTCGACGTTCGCC 700 
A1_NIFoS370  CTTTTAACACTCCGACTGCATTTCCGAATTCCGAATTATACCACAACCAACCCTCCTCAGGCAATGTCGTCCACCGTCAATGTCGATCTCGACGTTCGCC 700 
A1_NIFoS369  CTTTTAACACTCCGACTGCATTTCCGAATTCCGAATTATACCACAACCAACCCTCCTCAGGCAATGTCGTCCACCGTCAATGTCGATCTCGACGTTCGCC 700 
A1_NIFoS5243 CTTTTAACACTCCGACTGCATTTCCGAATTCCGAATTATACCACAACCAACCCTCCTCAGGCAATGTCGTCCACCGTCAATGTCGATCTCGACGTTCGCC 700 
A1_NIFoS672  CTTTTAACACTCCGACTGCATTTCCGAATTCCGAATTATACCACAACCAACCCTCCTCAGGCAATGTCGTCCACCGTCAATGTCGATCTCGACGTTCGCC 700 

A1_L54A      TAAGCGCAACTTTAGACCGATTTTTCGATGGTCTAAATAACGCCGACTTAAATAGCGTCTCAGAGAACTGGCTACATATTGACAAAGACGTCGTGAGCAA 800 
A1_NIFoS370  TAAGCGCAACTTTAGACCGATTTTTCGATGGTCTAAATAACGCCGACTTAAATAGCGTCTCAGAGAACTGGCTACATATTGACAAAGACGTCGTGAGCAA 800 
A1_NIFoS369  TAAGCGCAACTTTAGACCGATTTTTCGATGGTCTAAATAACGCCGACTTAAATAGCGTCTCAAAGAACTGGCTACATATTGACAAAGACGTCGTGAGCAA 800 
A1_NIFoS5243 TAAGCGCAACTTTAGACCGATTTTTCGATGGTCTAAATAACGCCGACTTAAATAGCGTCTCAAAGAACTGGCTACATATTGACAAAGACGTCGTGAGCAA 800 
A1_NIFoS672  TAAGCGCAACTTTAGACCGATTTTTCGATGGTCTAAATAACGCCGACTTAAATAGCGTCTCAAAGAACTGGCTACATATTGACAAAGACGTCGTGAGCAA 800 

A1_L54A      TCATCACGCCGGCACACTGGGATATAACACAAGCGCACAAGTTATTGGTATCAGCCAATGTATTCAGGTGCTTTGCGATACTTTCATGAATCTGGAAGTC 900 
A1_NIFoS370  TCATCACGCCGGCACACTGGGATATAACACAAGCGCACAAGTTATTGGTATCAGCCAATGTATTCAGGTGCTTTGCGATACTTTCATGAATCTGGAAGTC 900 
A1_NIFoS369  TCATCACGCCGGCACACTGGGATATAACACAAGCGCACAAGTTATTGGTATCAGCCAATGTATTCAGGTGCTTTGCGATACTTTCATGAATCTGGAAGTC 900 
A1_NIFoS5243 TCATCACGCCGGCACACTGGGATATAACACAAGCGCACAAGTTATTGGTATCAGCCAATGTATTCAGGTGCTTTGCGATACTTTCATGAATCTGGAAGTC 900 
A1_NIFoS672  TCATCACGCCGGCACACTGGGATATAACACAAGCGCACAAGTTATTGGTATCAGCCAATGTATTCAGGTGCTTTGCGATACTTTCATGAATCTGGAAGTC 900 

A1_L54A A    AAAGTGGAAGACCGTGTAGCAGAGTTTGGTCAGGATCTTGCTGCCCTACCTCTCGAAGAGCAACGCACCCGCACACCTTCCCGCTCACCCTCCCCTTCCC 1000
A1_NIFoS370  AAAGTGGAAGACCGTGTAGCAGAGTTTGGTCAGGATCTTGCCGCCCTACCTCTCGAAGAGCAACGCACCCGCACACCTTCCCGCTCACCCTCCCCTTCCC 1000
A1_NIFoS369  AAAGTGGAAGACCGTGTAGCAGAGTTTGGTCAGGATCTTGCCGCCCTACCTCTCGAAGAGCAACGCACCCGCACACCTTCCCGCTCACCCTCTCCTTCCC 1000
A1_NIFoS5243 AAAGTGGAAGACCGTGTAGCAGAGTTTGGTCAGGATCTTGCCGCCCTACCTCTCGAAGAGCAACGCACCCGCACACCTTCCCGCTCACCCTCTCCTTCCC 1000
A1_NIFoS672  AAAGTGGAAGACCGTGTAGCAGAGTTTGGTCAGGATCTTGCCGCCCTACCTCTCGAAGAGCAACGCACCCGCACACCTTCCCGCTCACCCTCTCCTTCCC 1000

A1_L54A      GAGCCACTCGCTCCCCATCACCCTCCTCCCAACTCCCAAGTGGCAACCTCCCCTCCTACATCCCCCCCTCCTACACCTGGCTCCT 1085 
A1_NIFoS370  GAGCCACTCGCTCCCCATCACCCTCCTCCCAACTCCCAAGTGGCAACCTCCCCTCCTACATCCCGCCCTCCTACACCTGGCTCCT 1085 
A1_NIFoS369  GAGCCACTCGCTCCCCATCACCTTCTTCCCAACTCCCAAGTGGCAACCTCCCCTCCTACATCCCCCCCTCCTACACCTGGCTCCT 1085 
A1_NIFoS5243 GAGCCACTCGCTCCCCATCACCTTCTTCCCAACTCCCAAGTGGCAACCTCCCCTCCTACATCCCCCCCTCCTACACCTGGCTCCT 1085 
A1_NIFoS672  GAGCCACTCGCTCCCCATCCCCCTCCTCCCAACTCCCACC---CAACCTCCCATCCTACATCCCGCCCTCCTACACCTGGCTCCT 1082 

Figure 4. Sequence alignment of the A1 allele from different strains of Lentinula edodes. The sequences of allele A1 obtained
from wild strains were aligned with the GenBank sequence JN129271.1 obtained from the Chinese strain L54A using MEGA
11. Putative start codons for HD1 and HD2 genes are indicated in green. Conserved motifs are indicated in red.
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present in the wild, and the development of new
primer sets or genome sequencing of wild strains
may be necessary to reveal such alleles.

Based on the present and previous study, 124A
mating type alleles were identified in 137 Korean
wild strains (Figure 1 and Table 2). Including the
cultivated strains, 130A mating type alleles have
been determined in L. edodes at present [14]. The
high degree of multiallelism of A mating type
strongly supports its rapid evolution to increase the
chance of finding a compatible mating partner [3].
Compared with A mating type, a relatively small
number of B mating types, 15 types, were identified
in 111 strains of L. edodes [12]. These findings con-
sistent with the hypothesis that high selection pres-
sure on A mating type locus, which is due to the
importance of HD genes in the viability of fused
cells [3], has brought hyper-diversity of A mating
type alleles of L. edodes in the wild as observed in
other basidiomycetes [22,23]. The diversification of
A mating type alleles would be achieved by

accumulated base transition, in-frame insertion (or
deletions), and recombination (Figures 4–5).
However, whether the variations are concentrated
on A mating type locus and their underlying mech-
anism remain elusive. Genome-wide analysis on the
mutation hot spot in L. edodes would provide com-
prehensive understanding of the molecular mechan-
ism of A mating type allele diversification.

4.2. Prevalence of certain A mating type alleles
in cultivated strains

Our collections revealed the presence of nine alleles
(A2, A5, A6, A8, A15, A21, A22, A28, and A31),
previously identified only in cultivated strains, in
wild strains of Korea (Figure 1). Considering that
cultivars originated from wild strains, it seems rea-
sonable that the more wild strains are analyzed, the
more common alleles between wild and cultivated
strains are revealed.

A67  GTGCTTCGTATGCTGGGATGGAGGATTGGCGGGTTGGGGGTGGGGGTGTGGAGGGGCGTGGGTGTTTCTCCGCGTATCCTGCCACCTCTTTCATGATCTT 100 
A98  GTGCTTCGTATGCTGGGATGGAGGATTGGCGGGTTGGGGGAGGGGGTGTGGAGGGGCGTGGGTGTTTCTCCGCGTATCCTGCCACCTCTTTCATGATCTT 100 
A122 GTGCTTCGTATGCTGGGATGGAGGATTGGCGAGGTGCGGGTGGTGGAG---------GTCGGTGTTTCTCGGCGTATTCTTCCAATTCCTTGATAATCTT 91

A67  CGGTAGACCGTTCTTCTCAAAATGACTTTGTAGACCGTTCCTCAATTTCTCTATCACGCTGGGTAGAAAAGTCCGGAGTTGGGGTATTGGAGTATGCGCA 200 
A98  CGGTAGACCGTTCTTCTCGAAATGACTTTGTAGACCGTTCCTCAATTTCTCTATCACGCTGGGTAGAAAAGTCCGGAGTTGGGGTATCGGAGTATGAGCA 200 
A122 GGGTAAACCGTTGTTCTCCAGATGTCTTTGTAACTGATTCCGGAGTTTATCTATCACGATGGGGAGAAAAGCCTGAAGCTTCGGGGCCGAGCTATGAGCA 191

A67  AGTTTTCGGCAGGAATCGTCGAACTCCTGCCGATAGGTATGCAGCATTTCGTCCAAGGTTTTATGTAGAGCTGTACGAGCGTGAAGAGATAGATGGTAAG 300 
A98  AGTTTTCGGCAGGAATCGTCAAACTCCTTCGTGTACATATGCAGCATTTCGTCCAAGGTTTTCTGCAGAACTTCCCGAGCTTGAGACGAGAGTTGATGTT 300 
A122 AGTTTACGCCAAGATTTATCGAACTCCTTCGTGTATGTGTCCATCATTTCATCCAGTGTACCTTGCAGAGATTTGCGTGCTGGCAGAGAGAGCTGAAATT 291

A67  TTTGTACCTGAGTATGGAATGCTGGAGGAATGACGAGTTCTAGCGGCAAAATCGATTCGACGCAGGTAGATGCCAAGTCTTCTAGTTCGTTAGACGAGTC 400 
A98  TCTGCACATAATCATAGAATGTCGAAGGAATAACAAGTTGCAACGGAGGAAC---TTCGA---AAGAGGATAT------TTCTTGGCTGCGGTTCGTGTC 388 
A122 TCTGCACATGGGCGTGAAATGTTAAAGGAATGCTAAGCTGTAACGGTTGAAT---GTCGA----GGGGGGTGAT-----TTCTGAGTCGGTGTGGTTATT 379 

A67  GAGGAGACCGAAACGCTTTTCATGACGATCCTGAAGACGAGCGCGAGAAGATGCAATGCGCACTCGTATATCTTCCAGTTGTTGCAACATATCTACCTTG 500 
A98  GATGGACCCAAAACGCTTTTCATGTAAATTTTGAAAAATCAAGCGAGAGGCAGTAACCCGCTGACGCAGCTCTTGGAGTTTCTGCA---TATCCATGTTG 485 
A122 AACAGGTCCAAAACGCTTTTCGTGAAGGGTTTGAAACAATGCGCGTGAGTCCGCGATCTGCTGGCGGACCTCTTGAAGTTTCTGAA---TATCCATGTTG 476

A67  GACAATGAGTGGGCCAGGGAATGAAGAGGTGCATATTATATAA---AGCGTAA---CATTGTTCACCGGTTTTGGGACCAAATTCCCACG--AGAACAAT 592 
A98  AATGAAGC-TGTGATGAACGTTGAAATCACACTCAGACTAGAACTGATTGTGAGACCATTGTTCGCCTAGTTTGGTGCATTATTCCCACGCTGGGACAAT 584 
A122 AA----GCTTGAAGAGCAGGATGGGGACGAAGTAAATCACTAA--GGCCGGAA--CCATTGTTCACCCAATTTGGTACTTAGGTCCCACGGCTGAACAAT 568 

A67  GG-GCGGAGTTTGAATCGGCATTATATTATTAGTAAGGTCACGACTGTCGGTAATTACTTACAACCCATTTTTTACTTCCCCAGTACCATTGCCAATGTC 691 
A98  AA-ACGGAGCTTCAATTTGAAGCGGAGTTTTAAACCATTTCCCTTAAACAGCTCGTAACGGTAATGGTTCATGACCTTTTTCACAACC-----CGATAT- 677 
A122 GGGACGGAGTTTGAAAACACGTT----TCTTAAGAATGTTACGTTCCCC---------TCCCAAGGCTCCCTAAATCCCTCCAA---------------- 639 

A67  CAATCTTATGGTTACAGCGAATGCT------ACTGACAACCTCGACGATCGTCTCATTCATACCGTAGATGATTTCTTCAGTGGCCTTCATACGTCCAAC 785 
A98  -AATATGGTAGCCATACCGAACGATCTCAGCAATGTCGATCTTGATCACCGTCTGGTCACTACTATTTCTACTTTTTTCGACGGATTACGAACGTCAGAT 776 
A122 -AATATGCCTGCTACAACTAACGAGGTCGCCGATATTGATCTCAATAAACGGTTGGTCACATTCATATCTGGTTTTTTCGATGGAATACATAGCTCGGAT 738 

A67  ATCCAGGAAGTTTTGTCAAAATGGAAAGACATTGACAGAGATGTTGTGGGCAGTCACCATGCTGGCACGTTGGACTCTAATACGAGCGCACTAGCGGTCA 885 
A98  ATGACGAATCTGCGAATGGAGTGGGCCGACATTGACAGAGATTTAGCTTGCAACCAA------GACGTGCTGAGTTCTAGCACGAGTTCTCTAGCAGTCA 870 
A122 ATGCACAATCTCAACCTTGAGTGGGATGATATTGACAAGGAATTGACGGACAGCAAA------GACGAGCTGACTTCTGAAACGAGCTCATTGGCCATCG 832 

A67  GCGTCAGTGACTGTATGCGATTGCTTTGCGACGCGTTCCTGGATTTGAAGGTGAAAGCAGACGGGCGCGCGGCTGAACTTGTCGAAGATCTCGCTGCCAC 985 
A98  GTGTTAGCGATTGTATGCACCTGCTTTGCGATGCCTTCCTTGATTTAAAAGTGAAAGCAGACGTGCGCGCGGCTGAACTTCTTGAAGATCTCGCTGGTAC 970 
A122 GTGTCAGTGACTGTATGCGACTACTTTGCGACGCGTTCCTGGATTTGAAGGTGAAAGCAGATGGGCGCGCGGCTGAACTTGTCGAAGATCTCGCTGCCAC 932 

A67  CGTGATTACCGAAGAAAACCAAATTCTCTCACCCTCCCGCTCACCCTCACCATCCCGAGCCACTCGCTCCCCATCACCCTCCTCTTCCCATCTCCCA--- 1082
A98  CGTAGCTTTGGAAGAAAGCCGAACTTCGTCACCCTCGCGCTCACCCTCCCCTTCCCGAGCCACTCGCTCCCCATCCCCATCCTCCTCCCAACTCCCAAAT 1070
A122 TGTGAATATTGAAGAAAGCCGAACTCCGTCACCCATGCGCTCACCCTCCCCTTCCCGAGCCACTCGCTCCCCATCACCTTCCTCTTCCCAACTCTCAAAC 1032

A67  CCCAACCTCCCATCCTACATCCCCCCCTCCTACACCTGGCTCCT 1126 
A98  GGCAACCTCCCCTCCTACATCCCCCCCTCCTACACCTGGCTCCT 1114 
A122 GGCAACCTCCCATCCTACATCCCCCCCTCCTACACCTGGCTCCT 1076

Figure 5. Sequence alignment of A67, A98, and A122 alleles of Lentinula edodes. The sequences of A67, A98, and A122 alleles
were aligned using MEGA 11. Putative start codons for HD1 and HD2 genes are indicated in green. Conserved motifs are indi-
cated in red. The regions that harboring sequences identical between two alleles with a length of more than 20 bp are high-
lighted in red boxes.
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Only 21 of 124 alleles found in wild strains and
12 of 60 alleles found in more than two wild strains
were selected in cultivated strains (Figure 1 and
Table 2). Even the second most frequent alleles in
the wild, A37 and A75, were not found in cultivated
strains. These findings indicate the preferred selec-
tion of specific A mating types in cultivated strains,
which was reported previously [14]. One possible
explanation for this is that specific A mating types
are related to the characteristics suitable for culti-
vars, such as high-quality fruiting body or short cul-
tivation period; therefore, they have been
preferentially selected in cultivated strains. Reports
on the presence of quantitative trait loci, related to
mycelial growth rate and fruiting body-related traits
such as pileus diameter and stipe length, in proxim-
ity to the A mating locus support this hypothesis
[24–26]. Notably, Ha et al. showed the dominant
expression of HD1 encoded in A1, the most fre-
quent allele in cultivated strains, in A1-containing
dikaryotic strains [14]. In addition, a recent RNA-
seq-based linkage map construction study found
that the expression of HD1 was significantly corre-
lated with the pileus diameter [26]. The high expres-
sion level of HD1 in A1 may have led to the
preferential selection of A1 in cultivars to obtain
large pileus.

However, it might not be the sole factor respon-
sible for the prevalence of specific alleles in culti-
vars. Studies on wild and cultivated strains in Korea
and China showed that the genetic diversity of culti-
vars is higher than that of wild strains in each coun-
try [27,28]. These data indicate that stable cultivars
was developed by mating strains from different
countries, and thus genetically distant, had been
repeatably used for developing new varieties.
Therefore, we think the limited number of strains
used as a parent for developing cultivars has also
contributed to the limited number of A mating type
alleles in cultivated strains.

4.3. Conserved motifs in the promoter region of
A mating locus

Our analysis newly identified the TCCCAC motif in
the promoter region of A mating locus, in addition
to the previously discovered ATTGT (ACAAT in
reverse), ACAAT, and GCGGAG motifs (Figure 3)
[13,14]. The ACAAT motif is part of the DNA
binding site of yeast for MATa2, an HD transcrip-
tion factor homologous to other sex-related genes,
and for ROX1, a hypoxic gene-repressor containing
a high-mobility-group DNA binding motif [29,30].
The TCCCAC motif is reported in animals as the
binding site for two transcription factors, Runx2
and MNRR1, which are involved in osteogenesis

and breast carcinogenesis, respectively [31–33].
However, proteins recognizing TCCCAC or
GCGGAG have not been documented in fungi yet.

The motifs TCCCAC and ACAAT were also
reported in the A mating type locus of Pleurotus sp.,
including P. eryngii, P. ostreatus, and P. tuoliensis
[34]. On contrary, the GCGGAG motif was specific
to L. edodes, and the GCCG motif was specific to
Pleurotus. Collectively, there would be the conserved
and divergent regulatory mechanism of HD genes in
A mating locus in mushrooms.

In summary, we discovered 67 unidentified A
mating type alleles from 106 dikaryotic wild strains
collected from Korea. Our study revealed the hyper-
diversity of A mating type alleles in wild strains of
L. edodes in Korea. Further research on the sequen-
ces of each allele obtained from the present and pre-
vious studies could provide insight into the
evolutionary mechanism of multiallelism of A mat-
ing type in tetrapolar basidiomycetes and the regula-
tory process of HD genes residing in A mating
locus. Moreover, marker development based on the
sequences of A mating type alleles will facilitate the
breeding of new cultivars using diverse wild strains.
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