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ABSTRACT

In general, mycoviruses remain latent and rarely cause visible symptoms in fungal hosts;
however, some viral infections have demonstrated abnormal mycelial growth and fruiting
body development in commercial macrofungi, including Lentinula edodes. Compared to
other cultivated mushrooms, L. edodes is more vulnerable to viral infections as it is still
widely cultivated under near-natural conditions. In this study, we investigated whether
Korean wild strains of L. edodes were infected by RNA mycoviruses that have previously
been reported in other parts of the world (LeSV, LePV1, LeV-HKB, LeNSRV1, and LeNSRV2).
Using specific primer sets that target the RNA-dependent RNA polymerase genes of each of
the RNA mycovirus, reverse transcription-polymerase chain reaction (RT-PCR) was used to
detect viral infection. Viral infection was detected in about 90% of the 112 wild strains that
were collected in Korea between 1983 and 2020. Moreover, multiple infections with RNA
mycoviruses were detected in strains that had normal fruiting bodies. This work contributes
to our understanding of the distribution of RNA mycoviruses in Korea and the impact of
multiple viral infections in a single strain of L. edodes.

Keywords: Lentinula edodes, Multiple infection, Mushroom, Mycovirus, RT-PCR (reverse
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INTRODUCTION

Environmental changes and mutations in specific genes can lead to the emergence of mycoviral
infections [1]. Viral infections in mushrooms are caused by mycelium fusion, which also transmits the virus
to healthy mycelium by spores [2]. Similar to mushroom spores, mycelium remaining in the mushroom
cultivator can be a viral infection medium [3].

Lentinula edodes is a commercially important, edible mushroom that is cultivated throughout Korea.
Compared to Flammulina velutipes and Pleurotus ostratus, L. edodes has a relatively long cultivation period,
with fruiting bodies that can be harvested more than five times on the same growth medium. The cultivation
of L. edodes in farms is often exposed to the surrounding environment, which can increase the risk of viral

infections [4.5].
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Since the first description of fungal viruses 50 years ago, there has been an increase in the number of
mycoviruses that have been identified [6]. Viral infections in L. edodes was first reported in Japan during
the 1970s [7], and viruses associated with L. edodes have also been found in Korea in more recent studies
[4,8]. LeV-HKB was the first mycovirus that was identified to have a dSRNA genome, and it shares a high
degree of similarity with the genomes of LeSV and LeV-HKB [8,10]. LePV 1 and LeV-HKB can coinfect L.
edodes, and studies have also been performed to evaluate how these infections affect each other [9].

It is essential to screen strains that are not infected with a virus as viral infections have a significant impact
on mushroom quality and productivity [11]. Since infection of the mycovirus is difficult to eradicate and it
is necessary to use virus-free strains to prevent damage caused by the mycovirus [12,13].

The cultivation conditions of some mushrooms can help to prevent the impact of viral infections, even
if they are strains that contain viral particles [14-16]. If viral particles are found but no disease appears,
the viral infection may be overlooked; however, the same strain can cause problems under different
conditions. Therefore, viral detection is strains used for breeding is paramount to the successful cultivation
of mushrooms.

In this study, we use reverse transcription-polymerase chain reaction (RT-PCR) to detect RNA mycoviral
infection in wild strains of L. edodes that can be used as a breeding resource in the future. The presence
of five RNA mycoviruses (LePV 1, LeSV, LeV-HKB, LeNSRV1, and LeNSRV2) were tested in the wild
strains of L. edodes, and we observed the occurrence of single and multiple viral infections within a single

wild strain.

MATERIALS AND METHODS

Fungal strains

One hundred and twelve wild strains of L. edodes were examined in this study (Table 1). They were
isolated from samples that were collected from various locations across Korea from 1983 to 2020 and
maintained at 4°C through successive subcultures by the National Institute of Forest Science. The strains
were cultured on potato dextrose agar (PDA, Difco, MD, USA) media at 25°C for two weeks under dark

conditions before use.

Table 1. The sampling information and RT-PCR analysis of the occurrence of RNA mycoviruses in wild strains of Lentinula

edodes in Korea.

Viruses

Strain No." Sample location Year

LeSV LePV1 LeHKB LeNSRV1 LeNSRV2
NIFoS 36 Gyeongsangnam-do 1983 + +
NIFoS 37 Gyeongsangnam-do 1983 +
NIFoS 38 Gyeongsangnam-do 1983 +
NIFoS 39 Gyeongsangnam-do 1983
NIFoS 40 Gyeongsangnam-do 1983
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Table 1. Continued

Strain No." Sample location Year Viruses

LeSV LePV1 LeHKB LeNSRV1 LeNSRV2
NIFoS 41 Gangwon-do 1983 +
NIFoS 42 Jeju-do 1983 + + +
NIFoS 43 Jeju-do 1983
NIFoS 45 Gangwon-do 1984 +
NIFoS 46 Gangwon-do 1984
NIFoS 47 Gangwon-do 1984 +
NIFoS 48 Gangwon-do 1984 +
NIFoS 49 Gangwon-do 1984 +
NIFoS 50 Gangwon-do 1984 +
NIFoS 51 Gangwon-do 1984 + + +
NIFoS 52 Gangwon-do 1984 +
NIFoS 53 Gangwon-do 1984 + +
NIFoS 55 Gyeongsangnam-do 1984 + + +
NIFoS 56 Gyeongsangnam-do 1984 +
NIFoS 57 Gyeongsangnam-do 1984 +
NIFoS 58 Gyeongsangnam-do 1984 +
NIFoS 59 Gyeongsangnam-do 1984 +
NIFoS 60 Gyeongsangnam-do 1984 +
NIFoS 62 Gangwon-do 1985 + +
NIFoS 63 Gangwon-do 1985 + + + +
NIFoS 64 Gangwon-do 1985 + +
NIFoS 65 Gangwon-do 1985 +
NIFoS 66 Gangwon-do 1985 +
NIFoS 67 Gangwon-do 1985 +
NIFoS 68 Gangwon-do 1985
NIFoS 128 Jeollabuk-do 1986 + +
NIFoS 129 Chungcheongbuk-do 1986
NIFoS 130 Chungcheongbuk-do 1986
NIFoS 135 Gyeongsangnam-do 1986 +
NIFoS 136 Gyeongsangnam-do 1986 + +
NIFoS 177 Jeju-do 1989 +
NIFoS 188 Gangwon-do 1989
NIFoS 221 Gangwon-do 1991
NIFoS 299 Gangwon-do 1995 +
NIFoS 351 Gangwon-do 1996 +
NIFoS 352 Gangwon-do 1996 + +
NIFoS 353 Gangwon-do 1996 + + +
NIFoS 354 Gangwon-do 1996 + +
NIFoS 369 Gangwon-do 1998 + +
NIFoS 370 Gangwon-do 1998 +
NIFoS 411 Gangwon-do 1999 +
NIFoS 663 Gangwon-do 2004
NIFoS 664 Gangwon-do 2004 + + +
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Table 1. Continued

Strain No." Sample location Year Viruses
LeSV LePV1 LeHKB LeNSRV1 LeNSRV2
NIFoS 665 Gangwon-do 2004 +
NIFoS 666 Gangwon-do 2004 + +
NIFoS 667 Gangwon-do 2004 +
NIFoS 668 Gangwon-do 2004 + + + +
NIFoS 669 Gangwon-do 2004
NIFoS 670 Gangwon-do 2004 + +
NIFoS 672 Gangwon-do 2004 + + +
NIFoS 673 Gangwon-do 2004 + + +
NIFoS 674 Gangwon-do 2004 + +
NIFoS 675 Gangwon-do 2004 + +
NIFoS 676 Gangwon-do 2004 + + +
NIFoS 1520 Gangwon-do 2011 + +
NIFoS 1522 Gangwon-do 2011 +
NIFoS 1651 Jeollanam-do 2011 + +
NIFoS 1652 Jeollanam-do 2011 +
NIFoS 2063 Gangwon-do 2013 + + +
NIFoS 2064 Gangwon-do 2013 +
NIFoS 2101 Gangwon-do 2013 + + +
NIFoS 2290 Gangwon-do 2013 +
NIFoS 2497 Gangwon-do 2014 +
NIFoS 2498 Gangwon-do 2014 +
NIFoS 2521 Gangwon-do 2014 + +
NIFoS 2783 Gangwon-do 2014 + +
NIFoS 3010 Gangwon-do 2015 + + + +
NIFoS 3125 Jeollanam-do 2015 + +
NIFoS 3166 Gangwon-do 2016 + +
NIFoS 3168 Gangwon-do 2016 +
NIFoS 3169 Gangwon-do 2016 + +
NIFoS 3170 Gangwon-do 2016
NIFoS 3172 Gangwon-do 2016
NIFoS 3173 Jeju-do 2016
NIFoS 3175 Gangwon-do 2016 +
NIFoS 3177 Gangwon-do 2016 +
NIFoS 3198 Gangwon-do 2016 + +
NIFoS 3199 Gangwon-do 2016 +
NIFoS 3201 Gangwon-do 2016 + +
NIFoS 3202 Gangwon-do 2016 +
NIFoS 3203 Gangwon-do 2016 + +
NIFoS 3983 Gyeonggi-do 2017 +
NIFoS 3984 Gyeonggi-do 2017
NIFoS 3986 Gyeonggi-do 2017 +
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Table 1. Continued

Strain No." Sample location Year Viruses
LeSV LePV1 LeHKB LeNSRV1 LeNSRV2
NIFoS 3987 Gyeonggi-do 2017
NIFoS 3989 Gyeonggi-do 2017
NIFoS 3990 Gyeonggi-do 2017
NIFoS 3991 Gyeonggi-do 2017
NIFoS 4367 Gyeonggi-do 2018 +
NIFoS 4368 Gyeonggi-do 2018 +
NIFoS 4617 Gyeonggi-do 2018 +
NIFoS 4618 Gyeonggi-do 2018 +
NIFoS 4619 Gyeonggi-do 2018
NIFoS 4961 Gangwon-do 2019
NIFoS 4962 Gyeongsangnam-do 2019 +
NIFoS 5241 Jeju-do 2020 + + +
NIFoS 5242 Gangwon-do 2020 + +
NIFoS 5243 Gangwon-do 2020 + + +
NIFoS 5244 Gangwon-do 2020 +
NIFoS 5245 Gangwon-do 2020 + +
NIFoS 5246 Gangwon-do 2020 + + +
NIFoS 5252 Gangwon-do 2020 +
NIFoS 5253 Gangwon-do 2020 + +
NIFoS 5254 Gangwon-do 2020 + + + +
NIFoS 5255 Gangwon-do 2020 + + +
NIFoS 5256 Gangwon-do 2020 + + +
NIFoS 5257 Gangwon-do 2020 + + +

*NIFoS, National Institute of Forest Science.

RNA extraction and cDNA synthesis

The mycelium grown on each PDA medium was collected by a cell scraper and frozen in liquid nitrogen.
Total RNA was extracted using the RNeasy Mini Kit (Qiagen, CA, USA), following the manufacturer’s
instructions. The quantity and quality of the RNA were examined using an Epoch Multi-volume
Spectrophotometer (BioTek, VT, USA). Single strand cDNA synthesis was carried out using Moloney

murine leukemia virus reverse transcriptase (New England Biolabs).

RT-PCR

To confirm viral infection, RT-PCR was conducted with specific primers to amplify the RNA-dependent
RNA polymerase (RARp) genes of each mycovirus (Table 2). Amplification of the 3-tubulin gene was
used as a positive control to confirm successful RNA extraction and cDNA synthesis. All the primers used
for RT-PCR are listed in Table 2. RT-PCR for 3-tubulin and LeSV were performed under the following
conditions: 95°C for 5 min; 25 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 1 min; 72°C for 5
min. RT-PCR for LePV1, LeV-HKB, LeNSRV1, and LeNSRV2 were performed under the following
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Table 2. The specific primer sets targeting RNA-dependent RNA polymerase genes of each RNA mycovirus.

Primer set Forward primer (5°-3°) Reverse primer (5°-3°) Reference
B-tubulin GACCGTATGATGTGCACGTAC CACAAGATGGTTGAGGTCACC [9]
LeSV GCGATGATGACATACAGTAGGC CGACGTCGGATAACATTGCGTC This study
LePV1 AGCCTTTGACGATGTATCCGACTAC GGGTTATGATTGCGAGAGGCATT [9]
LeV-HKB TGTTGTATAAGACAGGCGGTGTGGG GGGTATATCTCAGCAAGCCTATGC [9]
LeNSRV1 CGAGACATCCTCGCGGCTGTAGAGG CCGAGGTTACCAGCTCCGATTGTC [9]
LeNSRV2 AAGTATGGGGTAGTGATGATAGTGG GAGGCTCCACCTTCCAATGTCTGAG [9]

conditions: 95°C for 5 min; 35 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C for 1 min; 72°C for 5 min.
The PCR products were confirmed using 1.5% (w/v) agarose gel electrophoresis.

RESULTS AND DISCUSSION

We isolated 112 wild strains of L. edodes from different times and locations in Korea (Table 1); there
were 75 strains from Gangwon province, 14 strains from Gyeongsangnam province, 12 strains from
Gyeonggi province, 5 strains from Jeju province, 3 strains from Jeollanam province, 2 strains from
Chungcheongbuk province, and 1 strain from Jeollabuk province.

Specific primer sets (LeSV, LePV1, LeV-HKB, LeNSRV 1, and LeNSRV2) were used (Table 2) to detect
viral infection. According to the RT-PCR analysis, products of 328 to 394 bp in length were amplified
from the wild strains when infected with the viruses (LeSV 386 bp, LePV1 389 bp, LeV-HKB 394 bp,
LeNSRV1 377 bp, and LeNSRV2 328 bp) (Fig. 1).

Approximately half of the strains were infected with LeSV (50.9%, 57/112), LeV-HKB (50.9%, 57/112),
LeNSRV1 (45.5%, 51/112), or LePV1 (42.9%, 48/112) viruses. The LeNSRV2 virus had a lesser infection
than the other viruses (20.5%, 23/112) (Fig. 2A).

Most of the infected strains were co-infected with different viruses (Fig. 2B). Among them, 30 strains
(26.8%) were infected with two different viruses and 29 strains (25.9%) were infected with three different
viruses. One viral infection was observed in 26 (23.2%) strains. Only three strains, NIFoS 51, 63, and 5254,
that were collected from Gangwon province had five mycoviruses. On the other hand, 12 strains (10.7% of
the total wild strains) were not infected by the viruses.

In this study, we observed multiple infections in which two or more types of virus were present in a single
strain. Although multiple viral infections are often found in plants and fungi, much research is still needed
on the consequences of multiple infections [17,18]. For example, the African cassava mosaic virus (ACMV)
and East African cassava mosaic virus (EACMV) are commonly found to co-infect cassava plants with
cassava mosaic disease (CMD) symptoms [19]; viral symptoms were more severe when ACMV and
EACMYV were present in Nicotiana benthamiana plants [19]. These results indicate that the two viruses
have synergistic interactions [19]. The single infection of sweet potato feathery mottle virus (SPFMV, genus
Potyvirus) and sweet potato chlorotic stunt virus (SPCSV, genus Crinivirus) in sweet potato do not show
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Fig. 1. Reverse transcription-polymerase chain reaction (RT-PCR) detection of viral
infection from 112 wild strains of Lentinula edodes. Specific primer sets targeting RNA-
dependent RNA polymerase genes of each RNA mycovirus were adopted for RT-PCR.
Numbers represent each of the wild strains. Amplification of the B-tubulin gene was used
as the positive control to confirm the RNA extraction.

significant symptoms [20]. In contrast, coinfection with the two viruses is caused by the sweet potato virus
disease (SPVD), with severe symptoms evident in plants [20]. With the discovery of LePV1 and LeV-HKB

coinfection in L. edodes, studies have also been conducted to assess their influence on each other [9]. When
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Fig. 2. Analysis of viral infections of Lentinula edodes. (A) Infection rate of each RNA
mycovirus in the 112 wild strains used in this study. (B) Rate of viral multiple infection
from 112 wild strains. The number on the horizontal axis represent the number of infected
viruses.

the LePV1 virus is coinfected with LeV-HKB, the RdRp gene expression has been reported to be higher
than that of a single infection [9].

Furthermore, how multiple infections of the virus found in L. edodes affect a viral disease should be
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further studied. Despite the difficulty in evaluating the effects of each virus when several viruses infect one
strain, a virus-cured strain can be used as an important control to investigate the individual effects. It is also
necessary to further analyze whether a virus is present in the fruiting body by single spore isolation in the
event of hybridization.

Although the number of strains collected from provinces other than Gangwon province was small, it is
interesting to note that geographically LeSV, LePV1, LeV-HKB, and LeNSRV1 were not present in the
strains collected from Gyeongsangnam province. Further, only the LeNSRV2 virus was detected in the
samples collected from Gyeonggi province. These phenomena suggest the possibility that the infection of
each virus is related to regional characteristics. To increase the diversity of wild strains of L. edodes in the
future, we must investigate forest areas throughout the country, and the confirmation of viral infection in

these collected strains will be essential.
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