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¥ GarlicBe-2 1 GarlicBe-72 2y & B K&t A, it
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TagDNA %4 . T4 RNA % 4% . RNase il
#17] . RNase-free DNase [ . pMD18-T & & 77 [ iz,
R BEHL T bRl R & & M-MLV [ %% 5% il
cDNA & il &) TaKaRa 24 & 725 (KiE) 5
M-MLV % 5 i #1 KOD-plus-DNA % & i % K
HA &K ¥ 9528 7 77 dhs PCR 7 4 4l 4k iR %) & Fi
DNA #5210 7] & 0 58 B Axygen 23 B 77 il s
CF-11 £F- 4 % Jy £ 8 Sigma 2 7] 7= .
14 BHAKEENE

W 45 B3 B B 43 90 42 B0 T PDA SEAR 1L R B
F 20 CHMEIRA hEE 5% 3~4 d. A KERIFTIL A
(H#& 6 mm) 7E B 7% 3 24T BUE WE 58 5 K 18 1 7%
3 PDA FHh g (L4 20 mL PDA $ 3258,
EHF20°C IS .S WM S WER, BRI TF
RN EME RS A T A KEET
1.5 H&EANE

SR FH S A I 30 3000 S % T 2 0 A R X g i
REUR 1. Jere 3% &b Al 2 2ok gk, It m
G R K PR RRIR A 3 ORI AR — B0 et
faBE R AR F L, B G K 2 0E 3 Wk T i
BT A M ORGSR AT AL
(HAR 6 mm) 7545 18 bk B8 3% 30 23T 3 SR D, 43
SR F R R LR RN ER L IRER,
HEMRILTE 0 W E A . R foF R T B R L TR
PR R T 20 CHDE R F F 85 5% 48 h, Wy ik
7 T 00 k% T TR R L A 9 B
1.6 dsRNA#ZEE ik

W 45 TR R B P 4 AT K B B BE AT PDA AR
R 5 ASTEPE, BT 20 °C R SR 3~4 d, IR
R I E 22 E T —80 CokA P17, B3 g
ZLRESE T ORER P AR RS R LR S B K
%% Harmmar %5 59 77 35 32 BOR 4646 5 22 v i1
dsRNA, EF¥HREYET TEZ . H 1%
TN W R i P VK oy B AR U TR I AR . UK S RS
PR PR TRAL LBV (0.5 pg/mL) hge s,
DNA fiff . RNA [iff Fl S1 i 55 4% 98 B 53 79 4b 3545 1T 1

F% TR B2 ) » Bt Jig W6 v U A 00 5 A i A% R ol 1
e ANREBE DNA B FT S1 R fife T REBE RNA 91 fige
AR 731 1 E h dsRNATY
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itk LeekBe-10 1 dsRNA 4> cDNA F Bt
5 Botrytis porri RNA virus 1(BpRV1) % & 19
[F) VR PE, R, B Ak LeekBe-10 1 dsRNA H E 4K
cDNA JF 4 0] 3 F B Hi3E 1Y BpRVL P81, B34k
S5 9i8 i R sk PCR(RT-PCR) #E4T .

itk LeekBe-10 # dsRNA 1Y Jz % 5 &8 i 18
dsRNA 1y 3" AR sty b — Bt B A7 50 1Y 28 4% 1 1R R
BL(BPA) , Bl FH 5% )% 51 B AMY 51 9 (RCBPA) i
TR S OB . AR e B 22 PRI dsR-
NA fH DNase I 22 DNA J5 F 8 [ 2tk , 2R 5
HEATHE S W 4 RO IR 7« dsRNA 10 pL (24
200 ng) »BSA(0.1%)3 pL,RNase Il #] 1 L (40
U/pl) T4 RNA ##H 2 p1.(30 U/pl) .10 X T4
RNA # 8 2% th W 5 pL, # % BPA (50 pmol/L)
1 1,25 L. 40% PEG 6000 %, e &AM ddH, O
% 50 pL, 7E 16 °C N b 16~18 h,

i 452 SN 58 BJE R FH AT R B Bl 2 L O X 3% 4%
J5 19 dsRNA 347 [ 4l 4k, i 514 RCBPA # 47
F e sk . BRAE DT ¥ ML 246 IS 1 dsRNA TE
KA 5 min J5  BECE T UK YR AT BRI A
SX RS RN % il 5 pL.dNTP (10 mmol/L)
1 pL.RNase 1 %) 1 pL. 4%k 54514 RCBPA
(2 pmol/ID1 L.M-MLV & #% 5% fif 1 pL J 6 pL
DEPC-H, O, iR G H#5)J5 42 C/KIE 1 h,

B R RN 0.5 pl F 300 pL PCR 48,
K BRI A 1 pL F5 5851 % X RCBPA/
101P1, 101P2/101P3, 101P4/RCBPA & RCBPA/
102P1,102P2/102P3,102P4/RCBPA (20 pmol/L) .
2 pL ANTP (2. 5 mmol/L).1 pL. KOD-plus-DNA
BEH( U/pl) 1 10 X PCR ZEwhiE 5 L, #h/K
Z AR50 pL, AR5 #E4T PCR R 43 5 T4
B dsRNA-1 Fl dsRNA-2 9 5K 3 77 41 | v (] &6 43
FEF) 3" K 3 %, PCR &3 4 4. 94 °C i 48 o
5 min,#RJ5 94 C A 50 s, 56 CiR k 50 s, 68 °C
FEf 1.5 min, 3L 35 AN IR B JE 68 °C FE il
5 min, PCR W 58 WS « i F 100 04 B 0l i 17
JEHL KK I RT-PCR #8855, Lk 519 551 =
BLSCHRL7 ],

fdi 185 44 3 KOD-plus-DNA %4 W #£ 17 PCR
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PRI cDNA R B, 75 72 = 9 372K dify i i 12
WA LME S T #0352, F AT K FF o R e ik
FE AT 5 B 5E . 7E 0 A-Tailing §f. %} PCR f
RIS cDNA F Be. % H PCR 7= 4 4li fk i 77 & it
fraifk., W10 pL 9 cDNA WL A 5 pL dATP
(10 mmol/L), A 5 pl. 10 X TagDNA R & B 2%
W& 0.5 pl. TagDNA R A&E (5 U/pl) 4K E
50 pL JF & T 72°C K 15 min BIAT,

F R 5 4 I RO E T PCR 7= 8y 4l 4k 38 71 & %
A-Tailing J5 I cDNA JFr Bt #F 47 [ 46 4k, 5F: 48 1]
WOR V8 R R B LA 10 pl 2240 . s 7 3k R 4l
cDNA F Bt # 3 pMDI8-T v B # K b IF b K
Jo AT B 28 1 % Bk s K PR R i #F 1 i 2 1l
A T AR B HEAT IF 0 I 5E .

1.8 cDNA FFIHER S

JH DNAMAN #4532 56 v 3R U 5 7 cDNA
FF 5 k4T PF 3, 153 3] dsRNA-1 #l dsRNA-2 4 K
¢DNA %1, M ORF FINDER #4f: (http: //www.

x1

Table 1

nchbi. nlm. nih. gov/gorf/gorf. html) 7 ] ¥ A [ 52
fE CORF) K #f N7 i % & H. M BLASTn A
BLASTp ¥ (http://www. ncbi. nlm. nih. gov/)
A3 59 1 cDNA P 51 FlHE 2 24 55 1R T 91 [A] 5 48
. [, DNAMAN {4 % 5 # dsRNA-1 Al
dsRNA-2 (¥ 5" F1 3" A BB R )Y 91 HEAT HE X 43 47
Ak MAGE 5. 0 BPF 38 35 2817 R gE ot 1k o
B 3B eb B IR0 28 WL 1.

S AT BT T B0 O 9 7 K RNA 19 RNA
& i B (RNA-dependent RNA polymerase, RARp)
PRAFE5H 0 (Motifs 1~8), SR 4B HE7L (NI #4 ¢
RS IR, H Bootstrap F2J¥ (1 000 N H &) ki 56
JrHE R G R B SRR
1.9 HiEAE

K SAS AR AT G E 0 s FE B R Leek-
Be-10 1 GarlicBe-2 T 22 4= K 3R Fl s 3 K, I
KN E ¢ MG TE i —E RS hr LI 22 R 5
HIE.
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Viruses used in phylogenetic analysis

I 4 4 B

Name of virus

GenBank %3¢ % No. GenBank

T KB EREE H1 Ustilago maydis virus H1,UmVHI1

FR VP B HF R 5 L-A Saccharom yces cerevisiae virus L-A,ScV-L-A
P 8 i B T8 R 3 L-BC Saccharom yces cerevisiae virus L-BC,ScV-L-BC
Yk 22 ) 0 900 TR 95 75 1458 Helminthosporium victoriae virus 145S, HvV145S

FEHH BN TE Penicillium chrysogenum virus,PcV

I8k ] 4 K 7 Fusarium oxysporum chrysovirus 1,FoCV1

Ith 2 B8 4 (R 8 Aspergillus fumigatus chrysovirus, AfV
Hs @ 4 (8 5 Cryphonectria nitschkei chrysovirus,CnV1

B o 7 ARG A 06 4 (8 1% Amasya cherry disease-associated chrysovirus, ACDACV

FH FE R 7= R B Verticillium dahliae chrysovirus, VeV
WA GGG TE 1 Agaricus bisporus virus 1, AbV1

NC_003823
J04692
U01060
AF297176
AF296339
EF152346
FN178512
GQ290650
NC_009947
HMO004067
X94361

PR AR S A 2 4 595 7 Cherry chlorotic rusty spot-associated chrysovirus, CCRSCV
FELGUPR 17 5 08 RNA 58 Helicobasidium mom pa no. 17 dsRNA virus, Hm17V
AR RS H RNA WG 1 Sphaeropsis sapinea RNA virus 1,SsRV1

R H G 8 1 Magnaporthe oryzae virus 1,MoV1

B 1595 RNA K BE L1 Gremmeniella abetina RNA virus L1,GaVL1

B G A 8L 8 AW FE 1 Botryotinia fuckeliana totivirus 1,BfTV1

MG FE NG 1 R B 190S Helminthosporium victoriae virus 190S, HvV190S

HECP 59K B 1 Rosellinia necatriz megabirnavirus 1, RnBMV1

B 7 B A WG B 1 Spissistilus festinus virus 1,SFV1

WM WE T 1 Cirulifer tenellus virus 1,CiTV1

FAR F T WEE RNA B RETE 1 Phlebiopsis gigantea mycovirus dsRNA 1,PGV1
INE IR BRI WUEE RNA H K5 3 Fusarium graminearum dsRNA mycovirus 3,FgV3
o, )@ TCAE ¥R RNA JKEE 1 Diplodia scrobiculata RNA virus 1,DsRV1
FAR o W EE RNA HERK 1 2 Phlebiopsis gigantea mycovirus dsRNA 2,PGV2
T4 H G 8% HKB Lentinula edodes mycovirus HKB, LEV

Kow BRI A 49 /8 RNA W65 1 Botrytis porri RNA virus 1,BpRV1
80P DU 50 AR5 B 1 Rosellinia necatriz quadrivirus 1,RnQV1

AJ781397
AB085814
NC_001963
AB176964
AF337175
AM491608
U41345
AB512282
GU979419
GU979420
AM111096
NC_013469
NC_013699
AM111097
AB429554
JF716350
AB620063
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2 ZR54HH

B4 K %N K dsRNA LEE

RIREE LRI 7 20°C &1 T . FHk GarlicBe-
2 WL AR, P ERKEE R 9.9 mm/d, K5
A~5 d JF KA IR Wbk LeekBe-10 B 2224
Kigtg SF W ARKEE R 7.2 mm/d, {55 4~5 d
Jei » T VR U 35 B R L2 — 2 i T AR (BT 1-AL B 2-
A, G R R L 2 A B BRI B 22 4k K
TN EEER(P<0.0D), BERHKEIEAS @,
2 DR PRZ A KRR 2200,

2.1

A Bk LeekBe-10 CED FIE B GarlicBe-2 CF) B9 B 22,
Mycelium of LeekBe-10 (upper) and GarlicBe-2 (lower) ;
B:1. GarlicBe-2, 2. GarlicBe-72, 3. LeekBc-10, 4. Marker.

Bl 2 EHRNELERKLEERE dsRNA BikiG il
Fig.1 Compare two strains of mycelial growth

and dsRNA electrophoresis detection
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GarlicBc-2 LeekBc-10 GarlicBc-2 LeekBce-10

“x % "RIRTE M GarlicBe-2 Ml LeekBe-10 22 ] 2% 5 35
i K (P<<0.01), The symbol “ * * ” indicates significant

difference (P<C0.01) between strains GarlicBe-2 and LeekBc-

10 in mycelial growth rate and lesion length.

2 2 HEKMELEKEENBRE AR
Fig.2 Comparison of mycelial growth rate

and lesion length between two strains

FE B R R B R AT B0 0 e i 45 R R
B TR AR GarlicBe-2 B0 718058 . 76 Kt B B 5]
98 BE A K, SF B BE K 14, 2 mm; PE BE
LeekBe-10 BYE0W 11 8855 . 7E Kas M i b5 99
BEA/NRBE R 10 1 mm (B 2), i irss
SR, 2 A AR BT 5| R 0 e BE K 22 o 3
(P<<0.01),

X B GarlicBe-2 1 LeekBe-10 H 2 # dsR-
NA #2552 U] Wk LeekBe-10 " AEAE 2 5%
dsRNA F Bt HAK/NS kR GarlicBe-72 ' BpRV1
I dsRNA H B K/h—&8; fFHE B GarlicBe-2 H ok
K F AT ] dsRNA FBE (8 1-B),

2.2 TH#k LeekBc-10 f1 dsRNA Bl £ E

iR 5 45 R R W, Bk LeekBe-10 H A dsRNA
FBER /N o Bl iy 44 dsRNA-1 fil dsRNA-2) 5
BpRV1 9 2 ' dsRNA Bt —3. o] WL, 3 #k
LeekBc-10 1/ dsRNA A fig & —Fl dsRNA 5 5 ,
OB BB I 44 S0 Botrytis squamosa RNA virus 1
(BsRV1),

3% BsRV1 1 2 48 dsRNA 4357547 cDNA
v BE R 5 P42, 1T 35459 BsRV1 194 K cDNA 5
F(E 3), BsRV1 B dsRNA-1 &K K5 6 214 bp, &
BpRV1 i dsRNA-1 > — A8 7 1R . 4 2 [R) U8 1% 3k
] 91.7%., BsRV1 1y dsRNA-2 £ K~ 5 879 bp,
5 BpRV1 B dsRNA-2 £ Ji 5¢ & — ¢, H 9 & 1) 7]
PEMERF] 97. 7%, BsRV1 Ay dsRNA-1 I dsRNA-
2 7E 53 3T 500 bp X [F AL R L 95 % (4,

XF BsRV1 4 £ cDNA J¥ %1 #f 17 FF i ) 152 #E
(ORF) T . 45 %W, dsRNA-1 5 dsRNA-2 %A
1A~ K ORF, 4 i34 B2 43514 1901 /SF1 1 788 4
AERMBEEN, HHAE S BpRVL iy 2 4
ORF o EAHMRL .

B4, BsRV1 # dsRNA-1 1 dsRNA-2 % 5 %
FERE H 5 BpRV1 4 fith & &5 1 09 [8] 8 1 43 531 3k )
97.1% F1 98. 7% . BLASTp 2+ #r £ B . BsRV1
dsRNA-1 4% i) i o 28 1 e 5 3 C o 1) 2 11 )3 91
5506 5 B Totiviridae, 77 ¥ 3% % 0% 7 B
Chrysoviridae F1E K X539 8 Bt Megabirnaviri-
dae %5 B % ) RdRp 6] Y8 Mk #) 19% ~23%.,
BsRV1 1 dsRNA-1 4 % H 5 BpRV1 f dsR-
NA-1 45 8 14 & A RARp 1Y 8 PR <F 45 14 5
(K 5) . H#JE T RdRp_4 #FE K.
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Fig.3 A schematic diagram showing the strategy used for full-length cDNA cloning of BsRV1
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BpRV1-2
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BpRV1-2
BsRV1-1
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BpRV1-2
BsRV1-1

BsRV1-2

BpRVI1-1
BpRV1-2
BsRV1-1
BsRV1-2

in strain LeekBc-10 of Botrytis squamosa

GEAGT GACGAICGeam)
GRAGT GACGARIC Gte
GRAGT GACGAEC IRt TGGTAAATTCTATTTGGAACC]
GAAGT GACGARC G TGGTAAATTCTATTTGGAACC

[TCGGACACTCTCAAACCGCCTTGTCAGGATAT CAGCGGAT GTGAATAGACGT GT GGAACACAACGT GCCCACCACATCTT
[TCGGACACTCTCAAACCGCCTTGT CAGGATAT CAGCGGAT GTGAATAGACGT GT GGAACACAACGT GCCCACCACATCTT
[TCGGACACTCTCAAACCGCCTTGTCAGGATATCAGCGGAT GTGAATAGACGT GT GGAACACAACGT GCCCACCACATCTT
[TCGGACACTCTCAAACCGCCTTGTCAGGATAT CAGCGGAT GTGAATAGACGT GT GGAACACAACGT GCCCACCACATCTT

CAACTGCTCCTGTTAGTGTATAAAT CAGAAGGATAGGTAAACCGAGATCTCTAGAGAAGAGGCTACCT GGCACTGCTGAC
ICAACTGCTCCTGTTAGTGTATAAAT CAGAAGGATAGGTAAACCGAGATCTCTAGAGAAGAGGCTACCT GGCACTGCTGAC
CAACTGCTCCTGTTAGTGTATAAAT CAGAAGGATAGGTAAACCGAGATCTCTAGAGAAGAGGCTACCT GGCACTGCTGAC
[CAACTGCTCCTGTTAGTGTATAAAT CAGAAGGATAGGTAAACCGAGATCTCTAGAGAAGAGGCTACCT GGCACT GCTGAC]

[GGGCCGTAGTATACTACGATAT CGGEAGGAAT TGAAGCCTTCTGTAATCCCCCAGTACCCAGGCT CTCTAGGGTAAAGT G
IGGGCCGTAGTATACTACGATATCGGE,
IGGGCCGTAGTATACTACGATATCGGE,
[GGGCCGTAGTATACTACGATAT CGGRAGGAATTGAAGCCTTCTGTAATCCCCCAGTACCCAGGCT CTCTAGGGTAAAGT G

AGAGAAT GAAATT CAAAATGCCTTACAACACACAAACCGCCT CCTCGGCGCAAGAGGACAACAGAGT GGAGAATGTTGCT
AGAGAAT GAAATTCAAAATGCCTTACAACACACAAACCGCCTCCT CGGCGCAAGAGGACAACAGAGT GGAGAATGTTGCT
EGAGAATGAAATTCAAAATGCCTTACAACACACAAACCGCCTCCT CGGCGCAAGAGGACAACAGAGT GGAGAATGTTGCT
AGAGAAT GAAATT CAAAATGCCTTACAACACACAAACCGCCT CCT CGGCGCAAGAGGACAACAGAGT GGAGAATGTTGCT

VACIAT AAACT T GE#IT GCAGAATTIET GG
YAAINCCGCT CAAME®T AAGAGCAA|

A
RICINT AAACTTGEECGCT GAATTET .
WWGICCGCT CAAMET AAGAGCAAGAA

B 4 4% BsRV1 # BpRV1 B 5" im i BB 5 S0 47
Fig.4 Alignment of the 5'-terminal sequences of BsRV1 and BpRV1
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BsRV1-1

BpRV1-1
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BpRV1-1
BsRV1-1
BpRV1-1
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BpRV1-1 K IRAQPFN \ MYMRLMALE]
BsRV1-1 & /YNRAQPEN 4 ; \LGCTMYMRLMALE|

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1
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BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRVI-1 § < RPLS SAEDRKEIDRYY
BsRV1-1 a RYLLEX EDRKE I DR}

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1 MGFQ \ ) ) NTILNLTYHH
BsRV1-1 \ ) NTILNLTYHH

w1
o

BpRV1-1
BsRV1-1

N

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

BpRV1-1
BsRV1-1

Motif 1 % Motif VIII #/R & 11y 8 MESF&AE 3. BpRV1-1 Al BsRV1-1 4051278 BpRV1 1 BsRV1 1 dsRNA-1 4i i 14 11,
Motif T to Motif VIII represent eight motifs present in the protein sequence. BpRV1-1 and BsRV1-1 represent the putative proteins en-

coded by dsRNA-1 of BpRV1 and dsRNA-1 of BsRV1,respectively.

B 5 BsRV1 #1 BpRV1 H dsRNA-1 453 B & B /R 5 51 b Xt 4 4F
Fig.5 Alignment of the protein sequences encoded by dsRNA-1 of BsRV1 and dsRNA-1 of BpRV1

2.3 HE %k LeekBc-10 H1 dsRNA iR S R G it b PLEZH BsRV1 5 BpRV1 BEZ K R, i R
hy it — 25 T 24 0 A A 0 B AR LeekBe-10 o 7 — I LA 19 — 32, [ R SRR 1005 H

BsRV1 #4327, 45 H RdRp fRAFEEM BT S WL BN S SFVL.CiTVL M UmVHI 7 — i

WHERG KGR (E6) w5, W thn] JEl— 3 (A2 3L [ R SRR A . AR 6190
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PGV2
100 _I FGV3
Sl Ry e o2
DsRV1 PRIBALAE
Unassigned
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Fig.6 Phylogenetic analysis of BsRV1 and other mycoviruses
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A novel dsRNA mycovirus infecting the phytopathogenic
fungus Botrytis squamosa

WU Ming-de WANG Qing-jun ZHANG Jing YANG Long LI Guo-ging
College of Plant Science and Technology ., Huazhong Agricultural University sWuhan 430070,China

Abstract The growth rate and pathogenicity of strains LeekBe-10 and GarlicBe-2 of Botrytis squa-
mosa have been determined in this study. Double stranded RNAs (dsRNAs) in strain LeekBc-10 were
c¢DNA cloned and the resulting cDNA sequences were used to infer proteins and taxonomic status. The
results showed that the strain LLeekBc-10 was inferior in growth on potato dextrose agar and more vul-
nerable to infection of garlic leaves, compared to the strain GarlicBe-2. Two dsRNAs, dsRNA-1 and
dsRNA-2, were detected in the mycelia of strain LeekBc-10. Sequences of dsRNA-1 and dsRNA-2 are
91.7% and 97. 7% identical to the corresponding sequences of dsRNA-1 and dsRNA-2 from Botrytis
porri RNA virus 1 (BpRV1). Therefore, the dsSRNAs in the strain LLeekBc-10 are the genome of a RNA
virus, designated as Botrytis squamosa RNA virus 1 (BsRV1). Two open reading frames (ORF), ORF
I and ORF II, were predicted on the dsSRNA-1 and dsRNA-2 of BsRV1, respectively. They putatively
encode two proteins with 1 901 and 1 788 amino acid residues respectively, which were 97. 1% and
98. 7% similar to the proteins putatively encoded by ORF I and ORF II of BpRV1 respectively. The pro-
tein encoded by ORF 1 of BsRV1 contains the RdRp_4 (RNA-dependent RNA polymerase) superfamily
domain. The RdRp of BsRV1 has eight conserved motifs for viruses belonging to Totiviridae, Chryso-
viridae and Megabirnaviridae and is 19%-23% identical to those encoded by the viruses in these fami-
lies. This study suggests that BsRV1 and BpRV1 belong to the same virus species, possibly represen-
ting a novelvirus family.

Key words gray mold; Botrytis squamosa ; hypovirulence; mycovirus
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