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4 Z B AE B RNARSH®NFFhZE 5
& NEE HhHE, FET EmT

GERBABDEEEHE/EHREKRFZHBEY PR, M 510642

FE OWIEGAE S R R P AR RN, SR A v B R X 53 MR H-J& (Plewrotus spp.) 110
R ZJE (Ganoderma spp.) , VA K 17 ¥k & 545 (Flammuldina filiformis) F 12 ¥ 3SR %% (Coprinus comatus ) WK
P TR TR A TR, X e BB R BE R TR AEAT PCR Y S AP 51 00, 767 91 b iy ikt T RSB A E
B3t . BLASTXJFH LEXS 0 s R R, 4 28 924 T S MR 51 4% contigs AT R 41 Fipi 5 , RT-PCR
PEEFNTH 53 B U E B L3R TT BRI , o, DR IR Bk b A B 7 R, X R g b e I 3, A b 2 1
Fi, RZJBR D ABL2H . REREITER LR X EFRE A T+ ssRNA G . -ssRNAFTEE A dSRNA 5
2, 0 AL S MR FERL , L Barnaviridae . Botourmiaviridae , Deltaflexiviridae ,Mymonaviridae , Partitiviridae |
Phenuiviridae .Phlegiviridae f1 1 ™A 53250 Bunyavirales 55 . MR REI AR BHRE TEERNFEE N E

BT o
KA
FESES S4324 XEARIREG A

TR R AR KA L A AR L H A

BAWESMETME, T ZHTEM B2 SR A

W2y AEE R S AN R R R R

Fw , o4 (Pleurotus ostreatus ) F14: 514 (Flam-

mulina filiformis) 78 2021 4F 3 [ 6 H B AE 7= 10L&

T DU 2L 08 B 48 (Coprinus comatus) 4= A%, =4

bR BRI EAR D) TE4E , BB S L 6e

TR & e 35 R 2 (Ganoderma spp.) 238 [

—WRAE G 4 St 2 A S R 2 A

H I % B (mycoviruses I, fungal viruses) J&: 8 7F

A RIS FLTR 3l s A7 78 1) — 28 B L s 45 7 T 7E L

rh S Y e B L B D TRDIS 1R T L TR 1 — 3

430, 1962 4F , Hollings' 75 /= K 57 4 Y XU B 4

(Agaricus bisporus) W, %5 B4 — D HE R . T

SR FL TR BE R 3 AR R A IR el S5 2

AR5 I Bk (latency ) , (H & — 28 FL B 755 AT LAXT

HEFE F AL, a4 KBS ARTT

B A EEUR R ek . I VR 2 s A

TR A e B AR AR W TR 2R W B iR R R

b WA BERE N 1 ( Cryphonectria parastica) " Fl%

#16 (Sclerotinia sclerotiorum)™ . X FEHEMN S,

ks B . 2024-11-25

S0 B R BARE R AL I(CARS-31-09)
F#%,E-mail: 1163592165@qq.com

WAEVEE . 2205 K, E-mail : lipengfei@scau.edu.cn

IS M REJE; W4 5%, HEWREE; i
NEHS  1000-2421(2025)04-0160-14

— S LT T 2 T B S e 0 LA B g
La France 5% 1 mushroom virus X (MVX) J% . “La
France” 4 K 8 Al S 8U0E 22 K1R 16 20 o BT
TR AU A%, REUTE R M)
s MV X 5 75 ] 3 350 S IR, o 75 W0 F B 4 5~ 5
PR R Bl BB A 26 1 AT T A8 R o0
Kim 251V 3F 52 & ¢ T Lentinus edodes mycovirus
(Le V) B 7 4 PRI 9 T 22 25 1 03 R o o B I B A1

A G0 %) A I FH 8 5 19 7 1k 5 A 4 HL B
e VI AR I dsRNA K I AT RT-PCR A il 45
Hollings # ¥ ik B 58 78 W JE 10 XA 2 5~ S A o
LR ) 3 Fh I (5 A 0K s Ro %15 i dsSRNA
F AR AE -5 v RS I F) — Fhopr B R ——Oyster
mushroom isometric virus (OMIV) , Jf ¥ @ TAS-
ELISA &4t , fli BT OMIV /N B8 5 B 7 1A Tt
OMIV 4 2 v [ ML K2 il-F 25 P 59 OMIV, Hix st
T7EAFAE B B B I A | R A R 5 )
I BE 2% I Stk 21 2 TE 2 AE e 3 1 0 P B R A A R 1Y
SEhl b T 7 A B — R T R A 5 R AT
DB sG55 B , T LS T DA R RORS A b A N BT
I3 B (T8, SR B 2 10 % 3 B Atk o s 3
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FAE A A KRB AB D RNA WA T A by 161

FEA AR B4 TR R — LT 2 (5 I B 7 R
B MM AAE RN B, A 27 R T sIRNA =il
0 A AR ARG D W S i 2 75 45 0 0 B SR E TR
PRI A2 R 22 51 R 1918 Lin 260038 1 v 1
S e I 2] AR R G A 22 Bl EE L IR A RT-
PCRGUE T e 8 52 00 77 A MEmf I o A8 AT 4%
TR ety v R DU 38— S B TR G BE , AN AE T rh
5 OMIV'!
(OMSV)'®" Pleurotus citrinopileatus ourmiavirus 1
(PcOV1) YV F1 Pleurotus ostreatus deltaflexivirus 1
(PoDFV1) "% L Je 75 42 %1 4k vh % BL Y Flammulina
velutipes browning virus (FvBV) 2 {H 8 A |- % 3
HIRaE R 2SN 2, 3F H B E R 1k 340 T A XS R % i 2
R TR IGA . UL, AS WIS A A e
DA T A (I EE R 2 A5 Fi
iR ) B R B2, B 7R N B R B 1 24
PEAT S R dEis B P 1R  2%
1 #wRtEFRE
1.1 HHLEXK

FH 96 52 R0 1) 92 A £ F TRk 35 T A, 4245 53
A B & (Pleurotus) K F 10 4~ R 2 J& (Ganoder-
ma) Bk, LA K17 bk 4 5 4 (Flammudina filiformis)
12 ¥R XGBB8 (Coprinus comatus) , ¥4I 1L R 8 F
B RS it
1.2 BERiEH

FH 4% v P s o ik AR 1 R i R 2
PDA NG BB IR AR L, T 25 ‘GROEREFR 7 d.
1.3 BE#E RNARE

T AR TR AR R 2B A BE 40 PDA IS [
TREE SR b 7E 25 CR MR RE IR 7 d, {8 9%
A2 A% (b at) B RNA $2 B R & (1L.S1040) 4 BB
RNA, LRV U A5 . FH 190 A 300 e fie L Uk
4% 2 75 114X ( Thermo Fisher ) 4 Il £ RNA A Jifi &
MR EE
1.4 BEHREAE RNAKERIERF

92 BRI R RNAKE S 43 B R 24 2 pg IR A, 7
2 RNA B 5 F 80 CIR A7, &8 i i AZE AE W HOR
oy FE AT EE R . BARRR T Oy RS AR A AE 2L
B EHA RNA J5 , i Fi| Zymo-Seq RiboFree £ RNA
SCE il AR £ (Zymo Research, 32 [ ) #E47 SCEH
#, FALEEST Hlumina Hiseq 2000/2500 I FEACH
1.5 BEENFHEIES W

) Fcdm ik oy o X R n Bl iE AT b B K BR

. Oyster mushroom spherical virus

SR R AR B9 T Bt (reads) , A4 BT & K T 20
BT (5 HeAF) /N T 50Y0 [ reads . 3" BT I T 20 1Y)
Bk 3 A BE /N T 20 B9 reads il 42k 7 0 LA KB H
# mRNA ¥4,

2)FFA PR . SR A9 clean reads I CLC Ge-
nomics Workbench (6.0.4 iz 7 )% ) scaffolding
contig FyL AT de novo PHE , 13 2 45 7T 5 FK A Pri-
mary UniGene, I JH CAP3 EST Bt 4%} Prima-
ry UniGene #E47 2 R BFHE 55 1 A H] i AR DF S 4L
HEAT WG DR , B B A L BF 4577 9 First_con-
tig, 20 2 YA F ™A% B S B AT DR | B Be A A
HPEZ =9~ Second _contig .,

3VRTEAHSCFITERE . K PHERR B RY contigs 5
F AW H AR AE B A0 (National Center for Biotech-
nology Information, NCBI; https://www. ncbi. nlm.
nih.gov/) H A9 AE TU 4% 8 58045 %2 (non-redundant
protein database) #£17 BLASTx X}, B85 5 A7 5
5 EERERY contigs 1E AR R B

4) OB RT-PCRGIE . AR AR AT 10 16 158
B P A, B contig JF A B KT 1 000 bp H A5 TV
o B Z LR T SR PEAR T 7026 IF 81, S H T4
S5t AT RT-PCR Y™ MU 5 434, 647 T GEAY
B EE AN A BIE

5)HiieE RG K FM A TR SR HE
(open reading frame, ORF ) & I ) 338 (http: //www.
ncbi.nlm.nih. gov/gorf/gorf. html) 3 7 13 L 55 Ji5 5
J¥ 41 () ORF , 7E NCBI B £ 51 25 #4 5% (conserved do-
main, CD )48 % ik 55 46 I 2 5L iR (amino acid , aa) J¥
G RT3, 38 3 MEGA-X 3R #E17 22 577 41 Lb X
(clustal muscle 777% ) I | FH 4B %32 (neighbor-joining
method, NJ ) H R G K B, Bootstrap 4 5 5 &
1000 MHEE

2 FHRE5HMH

21 BEENFEHETEMBHE

92 A~ TR MR 28 e Sk AL Y 5 3 3R A5 UG reads
65591 438 5%, A WA GH& W reads J , 471331 64 436 868
4% clean reads, clean ratio 5 98.24% . *JH CLC Ge-
nomics Workbench #k{4-%} clean reads #t17 8 /5 K15
Primary UniGene 3t 194 986 2%, %} Primary UniGene
HEAT 2 R PR32 )5 15 B B 281 PF 82 contig &L BN
177 385, F Be A B ol 95 326 195 bp,N50 4 617 bp,
GC & 52 51.59%0, Horh e KAy i BOK JEE y 12 093
bp.
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22 HEMBXFIER

X 92 AN TR AR AR AT 1 i 28 contigs #£1T BLASTx
HT (1), K IILA 51 %% contigs A 1§ 0 41 Floi
B o MRAE A IR AN]R8 0 O FssRNA R
7 . -ssSRNA G T A dsRNA G 1. Hirp, 24 %% contigs
HA +ssRNAJ R AL A5 B, 0 A e 7 M s
t1 & Barnaviridae . Betaflexiviridae . Botourmiaviri-
dae . Deltaflexiviridae  Fusariviridae . Hypoviridae
Narnaviridae , VA } 2 K550 +ssRNA JR 8 59 5
contigs ELA -ssRNA fi 8 3L R 4115 ., 437 75 Mymo-

naviridae . Phenuiviridae 35 7 Bt LA S 1D AR50 2K 10
Bunyavirales ¥ 7 H 4 5F ; 18 4% contigs H. A5 dsRNA
FLH A B, A0 75 Partitiviridae Fl Totiviridae # L)
Lo 2R 5r 260 dsSRNA i 7
2.3 REFIIART-PCRIIE

AT S E R A e A AT R DL SCKS e B b
7 A E o 30 FLAA Y £ TR B bR L AR A0 e I
RGO F 5 43 BT 13 X ] BB BT 3 1 R S 51 4
(% 2), LU & > 3 PR 9 5L RNA i 4884 3 47
RT-PCRY™ B EFIFF 51 7347

*®2 FERT-PCREIEFT!
Table 2 List of PCR primers used for viral contig detection

FEI319(5-3)

Primer forward

Contig %i 5
Contig number

Sia 514 (5'-3")

Primer reverse

FEHIR /N /bp

Product size

Contig719 TGACTATCCCACCACGATTA
Contigl13234 AAAGGTTGTGGACTCGTTG
Contig5596 GAATACAACTCTGTGTGGTGGG
Contig20740 GCACTTTGGGAATCTAACACG
Contig3128 GATTGGATGCCGATGAGTA
Contigd6835 GACTTACCTCAGTTCTGCCG

Contig821 GCAGACTGGGTTTAGCCTT
Contig27286 TGTATGCCTGTCTCCTTGGT
Contig9428 CGCAACTCTTGACAAAGGTG

TGCTTCAGACAGGTTTGGA
TGCTTGTTGTTGGACTGC
GTTGGAGGAAGGAAATCGTT
GCACCTTACCATCTCCATACAG

Contigd8415
Contig36382
Contig2482
Contig2201

CTTACCGTATTGGCTCTGC 1700
ACTGGTGTGTCATCATCCC 2334
CTTCCAATCCGTCAAACG 2324
AGTCTGGTGAGGATGTCCGA 1700
TGCCACTTGAGGTGTTGAA 1489

ACCAAGACGCTGTAGAGACA 577

AGGTGTCCTTGGTATTAGGGT 2324
CGGGATAACCGTTGTTGT 1208
GCAAATCCACAGCACTTAGC 1229
AGCGGCATCATCATAACTC 701
TTGACGAACCTCAGGGACT 1007
CCGAAAGGGTGAATGTTGAT 667
TTGAGCCAAGCAATGTGG 1800

SRR TR B8 Ak R 18207 Bk 50
AR 8007 H S F] Contig719 95 25 Fr B, 78 7
335 7 BT 20207 1 AP 89-17 Hr A N 3] Con-
tigl 3234 FE 45T , 76 BT 507 C K =F 8007 Al Tt
5490 H A 2 Contigh596 i & 247 , 78 * -3 1008
HRS I 3] Contig20740 K5 8 B, RUE 95 s
#| Contig3128 5§ 1 1 Bt , 7E “ °F 28 v 4 I 1] Con-
tigd6835 LA KL AE T HT 5490 K6 ] Contig821 i #5 A
BE (R 1A) 5 7E X9 B 45 € 72B2108012° H 6 ] £ Con-
1ig27286 , Contig9428 Ll & Contigd8415 % 7 55 17 (4]
1B) s 73 BIAE R 2@ Ik e i R 2 R0 SR 2 e
| Contig36382 I Contig2482 i 7 454 (& 1C) s 14
BF 4% ¢ # 4x 557 W 7 1 #) Contig2201 i 7 A B (&
1D) o 2 X 414 7 BL AT A% TR T 91 A, 25
73K B e B A% T IR 3 4 55 A I B 19 contigs T
) B — B X — T UE T e e 4 S T
SEME, D5 — T T E B A v 38 0 A B AR
FEAEIXLE R RE YR 5

24 RAEWNRERGAXENM

i 1 55 38 B A RT-PCR $630E , 78 92 /Mt
(A B | 2R 2 e R R D S 4 ks X R g vh & B 13
Fhon] BE BB R , AP AL 4 4 ssRNA 7 54
-ssRNA i 2 1 4 1> dsRNA Ji5 35

1)+ssRNAJG# . W13 1R , il 74k
54 4 25 5 Barnaviridae %% 3% B+ 3% #H 5& 1Y contigs.
i3 RT-PCR 4 4RI 51 5E , 7EHE 5 M F- (Plewro-
tus ostreatus) H ¥R ¢ - F 1008 H £ il ] Con-
ig20740, 5 Barnaviridae sp. B9AH N 750 AR B B¢ 55
b 51.52% (3 1) s ZE B AN B (Plewrotus pulmonari-
us) AR KU 945 G I 3] Contig3128, 5 Barna-
viridae sp. BJAR R 3 S ARUPE e s R 52.04 %6 (£ 1) 6
Barnaviridae 5 5 FFH@ T Sobelivirales 5 H , 3 Al
TEICT 2 35 H A [R50 35 s 996 5 19 RARp &2 1
PO RGE LB (K 2), RERE 5 H iR, X 2
A% 2 Y @ T Barnaviridae 56 35 B, B A1 H Barna-
viridae S TERHR R SR AETE— &, AT RE M iZ M #E R 2
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T A A KA AT RNA SRR I A A 240 Hr 165

bp
3000
2000
A 1500
1000

Contig719 Contigl13234

JZB2108012

-
R o ~
& » ¥
< o oJ
5 e >
0 N &
& <& §
& &

&5

AANEEE R Plewrotus spp.; B:XSER%E Coprinus comatus; C: REZJEEE Ganoderma spp.; D: 451 4% Flammulina filiformis.
E1l RAEBSRT-PCRIEIEER

Fig. 1
TR 75 o
el B RS 4 255 Deltaflexiviridae Wi 55
LA & contigs (2 1) , #R 4 ICTV X} Deltaflexivirus
e B s i AR A A e, BRI AE G B R R T
A1) [a] — PR AIE F 70% , 1 A BF 5% Contigl964 , Con-
tig636 Fl Contig5084 5 £ Mk 7 & il 40 ¢ & 1 1y &
F U A 2 = F 705, J& 8T B 1 1T BE 1
i 5 i Contig46835 5 Pleurotus ostreatus deltaflexivi-
rus 1 (PoDV1) Al B ik # J3 51 AR B 1 i 8 X 8
66.53% . ik — i i RT-PCR ¥ AT 51 43 HriiE
S22 Contigd6835 17 7F T K Kz M B 127 #k “ °F- 28 v 5
i Contigd6835 Fll Tymovirales Wi 5 H W Alphaflexi-
viridae . Betaflexiviridae . Deltaflexiviridae . Gammaf-
lexiviridae 1 Tymoviridae ¥ 7% FF 75 19 & il #H 5
HE N ARR T HTRGE L E W (E3), %)
R W% Contigd6835 A Deltaflexiviridae ¥ 75 FF BT
TR EE o
e e A 2 4 2% 5 Botowrmiaviridae F G
B contigs (% 1) , 18 i RT-PCR 4" ¥4 #1551 4041 , 78
AR R Rl 3] Contig2482, B 5 Apple our-
mia-like virus 3 4 i & X7 871 B AR LA 42.97 96

RT-PCR confirmation of viral-like contigs in edible mushrooms

(F£ 1), ICTV ¥ Botourmiaviridae Bk 3% 7% H) X
SR RARp 2 HE 1R 17 81 7] —#EAR T 9000, 5 T
Botourmiaviridae %5 % FF RARp ¥4 #: 0 R 58 & B W 43
Brat B (E 4) £ B, Contig2482 5 Apple ourmia-like
virus 3 RETE—L, [FJ&E T Magoulivirus J5 5 J& , 7
RE A IZ B J8 1 HT v 75 o

2) —ssRNAJK 7. il I F3Lkis 2 %5
Lentimonavirus % 2 J& #1 5¢ contigs, il i RT-PCR ¥~
MNP I BT o AR O H- R =F 18207 *FKF- 507 Fl
$ K FE 8007 Hh AR A I 2] Contig719, % Contig719 5
Armillaria mellea negative strand RNA virus 1 #H R ¥
N e e A R 38,7500 (% 1) o AR LA Mymonavir-
idae BH B Large protein 2 FE M2 7 9 17 i b K &
W (E5), A ICTV X Mymonaviridae FFrik
YR 53FRiE, B Large protein 3R 7 41 [7] — A%
F80%, 45 iR , Contig719 /& Lentimonavirus 35 7
Je& B AT BRI

e I AR5 7 2% 5 Bunyavirales 57 H A
5 contigs, 3l 2 RT-PCRY™ 1 FIF 51 434 , 7EHKE K i)
FERRAR BrF- 33 57 O BF 20207 A4 89-17 Hi
K 2] T Contig13234, ‘& 5 Lentinula edodes nega-
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1001 Solanum nodiflorum mottle virus
&E Velvel tobacco mottle virus
99| Physalis rugose mosaic virus
Subterranean clover mottle virus
m:Rubus chlorotic mottle virus
100 Cymbidium chlorotic mosaic virus
_|:Papaya lethal yellowing virus
100 L Soybean yellow common mosaic virus
WE Sesbania mosaic virus
90 Southern bean mosaic virus
Cocksfoot mottle virus
IOT)E Rice yellow mottle virus
10 Imperata yellow mottle virus
100

68

Sobemovirus

Contig20740 %
Contig3128 %

Mushroom bacilliform virus

X . . . Barnavirus
Rhizoctonia solani barnavirus 1

99 Tulasnella barnavirus 1
Grapevine enamovirus 1

100 Pea enation mosaic virus 1

00 Alfalfa enamovirus 1

Citrus vein enalion virus

Enamovirus
Sugarcane yellow leaf virus
Brassica yellows virus

Carrol red leafl virus

Pumpkin polerovirus isolate PuPV
Pepo aphid-borne yellows virus
Polerovirus

Cotton leafroll dwarf virus

Melon aphid-borne yellows virus

100 Pepper vein yellows virus

Contig20740 Al Contig3128 A 1L ff B 457~ . Contig20740 and Con-
tig3128 are marked with stars.
B2 %TF Sobelivirales % B %% RdRp
EORINREZEMAH
Fig. 2 Phylogenetic tree analysis based on
RdRp of members of the order Sobelivirales

tive-strand RNA virus 32 A 7 7 51 AR BL M f =i >
34.5705 (R 1) s fEHE BN B BRIk )BT 54907 H A
#] Contig821, ‘¥ 5 Armillaria bunya-like virus 2 #f i
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Fig. 3 Phylogenetic tree analysis based on RdRp of members of the order Tymovirales
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Fig. 4 Phylogenetic tree analysis based on RdRp of members of the family Botourmiaviridae
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Fig. 5 Phylogenetic tree analysis based on Large protein of members of the family Mymonaviridae
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Fig. 6 Phylogenetic tree analysis based on Large protein of members of the order Bunyavirales
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Fig. 7 Phylogenetic tree analysis based on RdRp of members of the family Partitiviridae

75

100

63]

88

79

Gaeumannomyces tritici partitivirus 1
Lentinula edodes partitivirus 3
Rhodiola eryptic virus 1
Raphanus sativus eryptic virus 1
Contigd8415%
Flammulina velutipes browning virus
Helerobasidion parlitivirus 1
Rhizoctonia solani partitivirus SM03
Rhizoclonia solani partilivirus virus 5
Heterobasidion partitivirus 15
Drechslerella stenobrocha partitivirus 1

100 Heterobasidion partitivirus 12

54 Heterobasidion partitivirus 3

Cryptosporidium parvum virus 1

100 97

—

0.20

Fusarium solani virus 1

1()()—|:Aspergi”us ochraceous virus
1001 Discula destructiva virus 1

m|: White clover eryptic virus 2
100} Primula malacoides virus China/Mar2007

Sarcosphaera coronaria partitivirus
Heterobasidion partitivirus 2
Atkinsonella hypoxylon virus
Pleurotus ostreatus virus |

100 Fusarium poae virus 1

Alphapartitivirus

Cryspovirus

Gammapartitivirus

Betapartitivirus

Contigd8415 I H A 2 #5/R . Contigd8415 is marked with a star.
8 ETF Partitiviidae mEFHRZECP EBF I RZ L BEM I
Fig. 8 Phylogenetic tree analysis based on CP of members of the family Partitiviridae
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Fig. 9 Phylogenetic tree analysis based on RdRp of members of the order Ghabrivirales
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Detection and species analysis of RNA mycoviruses
in four types of edible mushrooms

WANG Xin, LIU Yingying, XIAO Junbo, LI Huaping, LI Pengfei

State Key Laboratory of Green Pesticide/ College of Plant Protection,
South China Agricultural University, Guangzhou 510642, China

Abstract To clarify the types of viruses present in various edible mushrooms during production,
high-throughput sequencing technology was employed to detect fungal viruses in 53 strains of Pleurotus
spp., 10 strains of Ganoderma spp., 17 strains of Flammulina filiformis, and 12 strains of Coprinus coma-
tus.PCR amplification and sequence analysis were performed on newly identified potential viruses, and phy-
logenetic tree analyses were conducted based on sequence comparisons. BLASTx sequence alignment re-
sults indicated that a total of 51 contigs were annotated as 41 viruses detected from 92 strains of four types
of edible mushrooms. Thirteen potential novel viruses were identified through RT-PCR amplification and se-
quence analysis, including seven species found in Pleurotus spp., three species in Coprinus comatus, one
species in Flammulina filiformis, and two species in Ganoderma spp..Phylogenetic analyses showed that
these viruses belong to +ssRNA viruses, —ssRNA viruses, and dsRNA viruses, distributed across wight
viral families: Barnaviridae, Botourmiaviridae , Deltaflexiviridae , Mymonaviridae , Partitiviridae, Phe-
nuiviridae , Phlegiviridae, and an unclassified member of the order Bunyavirales.In conclusion, there is a
relatively abundant presence of fungal viruses in the four types of edible mushrooms.

Keywords edible mushroom; Pleurotus; Ganoderma; Coprinus comatus; Flammulina filiformis ;

fungal virus; virus detection
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