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B E KT AENMIRE (SMV)FE R AR rh S5 36 5™ 1 F 5010 7™ 35T %, BT (L4612 FB0R M3 i 5 0
B15 E B A 82, SR Y 8 £ VAR RIS IR BT, SMV fE 4% 85 B2 e Ko 2R Y 2 & (Pinellia
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Y VG E i SMV-SXBX #E 4T T 17 51 AR U4 73 A1 L R Ge b Ak o BT 2 S 2 D BB v o5 0 A7 AL 4L 43 Hr o )7 51
AL PR A3 AT 45 R W], SMV-SXBX 5 SMV-Hangzhou 73 # %) ( GenBank % 5t 5 : AJ507388.2) B AT AL 5 /5 , #%
R 9 AR Ry 92.09% , 4 K 1R FE 5 AR L ol 95.91% 3 2 4t #E Ak 43 BT 45 SR B %, SMV-SXBX 5 SMV-
Hangzhou /> B W1 B K — 5, R4 LR BT, 7E SMV-SXBX 20t , P12 [ B9 ¥ 41 25 Sk e K, A% B R A
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Analysis of the Complete Genome Sequence of Soybean Mosaic

Virus Shanxi Pinellia ternata Isolate

CUI Liyan', YANG Jiaoli', LIU Jianli*, HOU Yue®,
GUO Chengying', WANG Defu',NIU Yanbing'
( 1.College of Life Sciences, Shanxi Agricultural University, Jinzhong 030801, China;
2.Jincheng Modern Agricultural Development Center, Jincheng 048000, China;
3.Lingchuan County Chinese Herbal Medicine Industry Development Center, Lingchuan 048300, China )

Abstract: Soybean mosaic virus(SMV) can cause a serious decline in yield and quality in soybean production. It has the
characteristics of wide spread and strong pathogenicity, but the host range is relatively narrow, mainly legumes. In recent
years, studies have shown that SMV can cross—family infect Pinellia ternata. In order to clarify the genomic characteristics of
soybean mosaic virus isolate infecting P. fernaza in Shanxi province(SMV-SXBX), in this study, bioinformatics software was
used to analyze the sequence similarity, phylogenetic analysis, amino acid functional site analysis, and recombination analysis
of SMV-SXBX. Sequence similarity analysis showed that SMV-SXBX had the highest similarity with SMV-Hangzhou isolate
(GenBank accession number: AJ507388.2), and the nucleotide sequence similarity was 92.09 % , the amino acid sequence
similarity was 95.91 % . Phylogenetic analysis also showed that SMV-SXBX and SMV-Hangzhou isolates were clustered
together and had the closest genetic relationship. In the SMV-SXBX genome, the sequence difference of P1 protein was the
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largest, and the nucleotide and amino acid sequence differences were 34.93% and 36.28% , respectively. Mutation and amino

acid function analysis showed that there were multiple amino acid mutation sites in the SMV-SXBX amino acid sequence.

Recombination analysis showed that SMV-SXBX had a recombination event at 3 056-6 895 bp. The major parent was SMV -
HZ1 isolate(GenBank accession number: AJ628750.1), and the minor parent was SMV-XFQO008 isolate(GenBank accession
number: KP710873.1). In summary, the results clarified the genomic characteristics of SMV-SXBX, and the amino acid

mutations and gene recombination may be the reason why SMV-SXBS can cross—family infect P. ternata.

Keywords: soybean mosaic virus; Pinellia ternata; full sequence analysis; system evolution analysis; analysis of amino

acid functional sites; recombination analysis
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virus, DsMV) | J& £ 48 195 3 (Konjac mosaic virus,
KoMV) 4l % 7£ i % 2 (Tobacco mosaic virus,
TMV) | K 5 4E i 9% # (Soybean mosaic virus,
SMV) 4, HE £ e 2 TR YL PEEE SMV
f) 4 L PR 2] A

SMV B8 Y i8R i B8 Y N
J& (Potyvirus) i 51, 75 E FBAEXT 378, EZ LK
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2 bF FAE R B 5 255 TT A P AR 9 O R
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14 K 52 AE s B 4 Bk DR 20 0 90 AT 4 AL DA e
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25 b AR R 8 5 25 A I ORI R R A T AE LD
JE Bk R & B Ay B O BT ARNY. 106 f
SMV 4355 ¥ 19 4% 14T 18 K & 3L 12 v %) ok A 3% [
F W {5 B W 0> (National Center for Biotechnol-
ogy Information, NCBI) .
1.2 RWHE
1.2.1 SMV-SXBX 73 &%) ¥ 5] 0 A0 L1 5 22 =
e M A AE W AE B 3 DNAMAN ¥
SMV-SXBX %1 5 NCBI 1 ) 106 45 SMV 43 &
Y1y 50 A5 A% Y TR R 2 35 R 1 47 (R U 1 43 AT o
1.2.2  SMV-SXBX B ¥F4 Z Gtk Fl
FH MEGA 7.0 ¥ F % SMV-SXBX JF# %] 5 106 4
SMV 43 8 W1 )5 51 LA fie K L8R fH 2 (Maximum
Likelihood, ML) # 17 & 48 i fb 43 #7 , IF ) HE R 42
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1.2.3 SMV-SXBX 77 & ¥) & 72 5 & 5L 1R I fig
S M A TE 26 14 Network Protein Sequence
(http://npsa—pbil.ibcp.fr) % SMV-SXBX 2 % )7
G AT DB AL A HT <

1.2.4 SMV-SXBX &N EH 28 FH
HEWE B2E 3 F RDP4 Y RDP .GENENCONY .
BootScan . MaxChi ., Chimaera . SiScan 1 3SEQ &
7 7 ¥E X AU 5 SMV-SXBX 7E N 5 107 ¥k SMV
53 B WA TR T A AT AL A AT .

2 HRE5HM

2.1 SMV-SXBXEEHLEH
SMV-SXBX 3 [H 4] &5 # an & 1 fF =™, i
97T ANBF RN (B FES K MT712111) , &

R () Poryvirus J& B8 51, 5 H b 4 & 1) SMV —
o, BA A KRB IR B HE (ORF) |, G % — 4>
H 3 105 /> & L R 41 % i 2 2 11, TN 43+ o o
J9354.7 ku, ORF M 167 bp Pt , 1 9 482—9 484 bp
A7 DAL B RS S5 0, 2L g A5 114N 8 1 5, 43
J& P1 . HC-Pro.P3.P3N-PIPO ({i; F P3 [ L HE N
#) 6K1.CI.6K2 Nla-VPg.Nia-Pro .Nib,CP, %
A B0 ) A 53 R TVQEF 550/ S(PT/HC -
Pro) .YRVG.,/G(HC-Pro/P3) .VSVQ,5/V(P3/
6K1) . VKVQiis/S (6K1/CI) | VQLQis0/S (CI/
6K2) . VTTQue:/G (6K2/NIa=VPg) . VEVE,/S
(NIa-VPg/NIa-Pro) . VAVQ,s:/S(Nla-Pro/NIb)
Fl VSLQus5/S (NIb/CP) , 5" Fil 3"UTR 4 %] th
166,252 bp 2 1Y .

0,V Q.S QueaS QS Qsso/S
FofS Gl \ / \ / Ene/S / QufS
5! % Nla-— F 3
Pl HC-Pro P3 6K1 (I 6K2| {p, | Nla-Pro NIb cp
167 1156 2527 E 3568 3724 5626 5785 6355 7084 8 635 9484
PIPO

(2983~3210)

J7HE N I 8 s A5 HE D7 RS 5 BR 43 0 2 2 B N B 10 b i A Ty B B 1 A T D) B AL A R T IR A A R AL B

Numbers under the boxes and capital letters above the boxes indicated nucleotide and amino-acid positions, respectively, for predicted

cleavage sites for polyprotein processed into 10 mature functional proteins

B 1 SMV-SXBX ERFE AL
Fig.1 Genome structure of SMV-SXBX

2.2 FIIEBREMESH

J T A SMV-SXBX 5 HABE A1 SMV 43 5
Wi 22 5 6 SMV-SXBX 5 HiAl 106 #k E %1 SMV
53 B W 0 A R R BRI 9 AT [R) R 43 B, 45
R R 1R, A BT 50 A UM D 73.84 %0~

92.09% , & FE W )7 5 M AUV Ry 79.2796~95.91 ;
Hrr, 5 SMV-SXBX J7 1 A UV % i 19 /& SMV -
Hangzhou 43 %) (GenBank number: AJ507388.2) ,
W% 1R S AL 1 A 92.09 %6, 48 35k 1R 7 51 AR AL 1
495.91% .

F1 SMV-SXBX5Hfh 106 % SMV S B M ZEFRMIERF 5 EIFERELRES 7
Tab.1 Comparison analysis of nucleotide and amino acid sequence homology of SMV-SXBX and other 106 SMYV isolates

GenBank % it 5

B BRI SRR L/ Vo EAERR Fe 91 I I / 6

;ﬁiﬂﬁiﬁiife GenBank accession Cif:(ry f(ft Homology of nucleotide Homglogy of amino
number sequence acid sequence

Aa AB100442.1 China Atractylodes macrocephala 76.13 82.61
Aal5-M2 AB100443.1 Japan Soybean 76.14 82.54
G7 AF241739.1 USA Soybean 76.01 82.29
SAAS AJ310200.1 China Soybean 76.26 82.45
Hangzhou AJ312439.1 China Soybean 76.27 82.49
Hangzhou AJ507388.2 China Soybean 92.09 95.91
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Tab.1(Continued) Comparison analysis of nucleotide and amino acid sequence homology of

SMV-SXBX and other 106 SMYV isolates

bR o4 B ‘GenBank%éKﬁ% % %4 &ﬁﬁﬁf?ﬁﬂlﬁ]%ﬁ/’% ’%%ﬁﬁf?ﬂlﬁ]%fi/%
Strain of isolate GenBank accession Country Host Homology of nucleotide Homglogy of amino
number sequence acid sequence

CN18 AJ619757.1 South Korea Soybean 75.61 81.00
HZ1 AJ628750.1 China P. ternata 83.67 91.43
G7 AY216010.1 USA Soybean 76.03 82.58
G7d AY216987.1 USA Soybean 76.01 82.58
G5 AY294044.1 South Korea Soybean 76.28 82.42
G7H AY294045.1 South Korea Soybean 76.25 82.32
N D00507.2 USA Soybean 76.12 82.51

L EUS871724.1 Canada Soybean 76.17 82.71
L-RB EU871725.1 Canada Soybean 76.14 82.71
G5H FJ376388.1 South Korea Soybean 76.24 82.58
WS200 FJ548849.1 South Korea Soybean 76.05 82.48
WS32 FJ640954.1 South Korea Soybean 76.22 82.71
WS37 FJ640955.1 South Korea Soybean 76.03 82.58
WS84 FJ640956.1 South Korea Soybean 76.38 82.71
WS101 FJ640957.1 South Korea Soybean 76.36 82.64
WS105 FJ640958.1 South Korea Soybean 76.31 82.67
WS109 FJ640959.1 South Korea Soybean 76.12 82.54
WS110 FJ640960.1 South Korea Soybean 76.30 82.58
WS116 FJ640961.1 South Korea Soybean 76.29 82.67
WS117 FJ640962.1 South Korea Soybean 76.60 82.64
WS128 FJ640963.1 South Korea Soybean 76.13 82.45
WS132 FJ640964.1 South Korea Soybean 76.26 82.61
WS135 FJ640965.1 South Korea Soybean 76.23 82.54
WS144 FJ640966.1 South Korea Soybean 76.11 82.54
WS145 FJ640967.1 South Korea Soybean 76.02 82.42
WS149 FJ640968.1 South Korea Soybean 76.13 82.51
WS151 FJ640969.1 South Korea Soybean 76.24 82.61
WS155 FJ640970.1 South Korea Soybean 76.24 82.61
WS156 FJ640971.1 South Korea Soybean 76.32 82.54
WS160 FJ640972.1 South Korea Soybean 76.10 82.58
WS162 FJ640973.1 South Korea Soybean 76.06 82.80
WS202 FJ640974.1 South Korea Soybean 76.11 82.58
WS205 FJ640975.1 South Korea Soybean 76.10 82.48
WS209 FJ640976.1 South Korea Soybean 76.08 82.51
Gl FJ640977.1 South Korea Soybean 75.96 82.42
G3 FJ640978.1 South Korea Soybean 75.99 82.61
G4 FJ640979.1 South Korea Soybean 76.18 82.61
G6 FJ640980.1 South Korea Soybean 76.48 82.65
G6H FJ640981.1 South Korea Soybean 76.37 82.61
G7A FJ640982.1 South Korea Soybean 76.00 82.58
G7H FJ807700.1 South Korea Soybean 76.23 82.54
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Tab.1(Continued)

SMV-SXBX and other 106 SMYV isolates

Comparison analysis of nucleotide and amino acid sequence homology of

bR o4 B ‘GenBank;‘éKﬁ‘% % %4 &ﬁﬁﬁf?ﬁﬂlﬁlﬁd@‘@(% ’i%ﬁﬁf?ﬂlﬁ%ﬁ/%
Strain of isolate GenBank accession Country Host Homology of nucleotide Homglogy of amino
number sequence acid sequence
G5H FJ807701.1 South Korea Soybean 76.30 82.58
413 GU015011.1 USA Soybean 76.19 82.51
Sc6 HM590054.1 China Soybean 76.47 82.84
NP-C-L HQ166265.1 Canada Soybean 75.88 82.67
NP-L HQ166266.1 Canada Soybean 75.91 82.64
4547/CHN/2004 HQ396725.1 China Soybean 74.21 79.58
TNP HQ845735.1 USA Soybean 76.08 82.61
KY HQ845736.1 USA Soybean 76.37 82.71
SC3 JF833013.1 China Soybean 76.49 82.58
6202-2 JF833014.1 China Soybean 75.99 82.32
6067-1 JF833015.1 China Soybean 75.93 82.06
Rsv4-RB3 IN416770.1 Canada Soybean 75.91 82.58
SX K(C845321.1 China Soybean 75.99 82.25
Am K(C845322.1 China Atractylodes macrocephala 74.00 79.86
Arl3 KF135488.1 Iran Soybean 76.24 82.64
Ar33 KF135489.1 Iran Soybean 76.39 82.67
Lo3 KF135490.1 Iran Soybean 76.36 82.67
Goll KF135491.1 Iran Soybean 76.16 82.58
Ar33 KF297335.1 Iran Soybean 76.40 82.67
NN KF982784.1 China Pinellia pedatisecta 84.62 92.46
India KM979229.1 India Soybean 76.10 82.64
BYX006 KP710861.1 China Soybean 74.05 79.64
HGTO005 KP710862.1 China Soybean 73.84 79.78
HGTO008 KP710863.1 China Soybean 73.87 79.84
HGTO009 KP710864.1 China Soybean 73.89 79.84
1.JZ002 KP710865.1 China Soybean 74.13 79.33
1LJZ010 KP710866.1 China Soybean 74.02 79.45
SC6-N KP710867.1 China Soybean 76.54 82.84
SC7-N KP710868.1 China Soybean 74.00 78.80
NE-N1 KP710869.1 China Soybean 76.39 82.83
SX-Z KP710870.1 China Soybean 76.33 82.71
XFQO001 KP710871.1 China Soybean 75.87 82.74
XFQO005 KP710872.1 China Soybean 76.37 82.51
XFQO008 KP710873.1 China Soybean 76.40 82.48
XFQO10 KP710874.1 China Soybean 76.33 82.74
XFQO12 KP710875.1 China Soybean 76.40 82.54
XFQO14 KP710876.1 China Soybean 76.38 82.74
XFQO18 KP710877.1 China Soybean 76.27 82.61
XFQO020 KP710878.1 China Soybean 76.36 82.90
HB-RS KR065437.1 China Soybean 74.07 78.96
4278-1 KT285170.1 China Soybean 74.00 79.49
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Tab.1(Continued)

SMV-SXBX 5E 1 106 4%k SMV A BUHNZEFBRMEERF I REM L& S

Comparison analysis of nucleotide and amino acid sequence homology of

SMV-SXBX and other 106 SMYV isolates

GenBank % fifi 5

Kt B e o R IR/ 0 R LR 9 IR I/ %

;Trin%?jjj?c GenBank accession Ciiry f{f{ Homology of nucleotide Homglogy of amino
number sequence acid sequence

China KX096578.1 China Soybean 75.75 82.77
FITNOO1 KX834319.1 China Soybean 74.38 79.61
SC001 KX834320.1 China Soybean 74.54 79.27
JSI11001 KX834321.1 China Soybean 74.39 79.52
GXQZ001 KX834322.1 China Soybean 74.72 79.27
HLJISB001 KX834323.1 China Soybean 76.04 82.71
HLIBADSO001 KX834324.1 China Soybean 75.93 82.80
HLJHLQF001 KX834325.1 China Soybean 76.01 82.67
Gulupa KY249378.1 Colombia Passiflora edulis f. edulis 76.37 82.29
CC2515 KY986929.1 South Korea Vigna angularis 76.67 82.54
SV-15 LC323107.1 Japan Soybean 75.93 82.64
pCB301-SC3 MH919384.1 China Soybean 76.49 82.74
pCB301-SC7 MH919385.1 China Soybean 73.97 79.52
pCB301-SC15 MH919386.1 China Soybean 75.95 82.32
Liaoning MK350280.1 China Soybean 76.35 82.51
SMV/BSB1 MN124783.1 Brazil Passiflora sp. 75.69 82.53
N NC_002634.1 USA Soybean 76.12 82.51
G2 S42280.1 USA Soybean 76.05 82.06

M 20 LA, A5 SMV-SXBX 78 N 1Y
107 4 SMV JF 51l #y P1, HC-Pro. P3, 6K1. CI,
6K2.NIa-VPg.Nla-Pro NIb 1 CP # 1 i #% 11 iR
J7 5 22 543 5 Ol 34.93% . 4.56 % .4.25% .3.71% .

4.31% .3.79% . 4.52% . 3.71% . 4.06% #1 9.63%,
IR Y5 22 5 57 0 R 36.28%0.2.17% .2.93% .
1.62% ,1.40%.0.79% .1.05% .0.59% . 1.47% FI
6.94% , £ FH 2R R KMEHANPLEH.

F2 SMV-SXBXEEARFI E5HMSMV I EMERMEDIT

Tab.2 Divergence analysis of genome sequence of SMV-SXBX and other SMYV isolates %

J¥%]  Sequence P1 HC-Pro P3 6K1 CI 6K2 Nla-VPg  Nla-Pro NIb Ccp
AR Nucleotide 34.93 4.56 4.25 3.71 4.31 3.79 4.52 3.71 4.06 9.63
I Amino acid 36.28 2.17 2.93 1.62 1.40 0.79 1.05 0.59 1.47 6.94

23 BRGEHLDH

B #5 SMV-SXBX il H: fih SMV 4 8 4 2
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24 RESREBINGEDH
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114+

RUOEAET AL X S SR A A AR Ak B S B
A B H P RE A7 B A2 4k (3R 3) o 48 Proscan 6l
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P/ S G878 B A% 1 AH N 2 1 N-HE G AR 7 505 P3
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cAMP F1 cGMP #8125 11 I8 il W 12 6 A6 5505 6K 2
EHHEH,/Y 248 Fl Nla-VPg 2 H H 19 Sie/A
G AR AR T A 1 IR TR R AL 07 5 s NTa-Pro 2K
F Y Seo/ A FLCP 3 Y Sse/ A S8 78 S T AH N 2
A N-PBE SR A AL A o
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®3 SMV-SXBXEEHARTRAEBRINAES

Tab.3 Mutation and amino acid functional analysis of SMV-SXBX genome

'KC845322.1 Soyb mosaic virus isolate Am'

[ Protein VIR &L Functional site fiL % /aa Position J¥%  Sequence
P1 N JE AL 5 251—254 NSTV
299—302 NSSF
R G C BRI Ak A7 21 16—18 SAK
107—109 SWR
156—158 TKR
i 2 A S0 LD 1R 007 A 192—195 SQIE
207—210 TKIE
NPt 5 76 A7 £ 33—38 GIRGAT
36—41 GATITT
NP £ o2 1 63—66 YGRR
102—105 RGRK
212—215 IGKK
HC-Pro N-HHE b AL 124—127 NYTS
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#iR3 SMV-SXBXEEHRERAEBRINEES

Tab.3(Continued) Mutation and amino acid functional analysis of SMV-SXBX genome
# M Protein Yifefi s Functional site i /aa  Position J¥%1  Sequence
TR PR C B R AL A A 332—334 SDR
Vi 5 R AL W98 1R 6 143—148 GSSVTQ
P3 cAMP-H1 cGM P 2 1198t B R £ 7 518 179—182 KRFT
i R 1 T R A7 0 315—318 SIGE
N B A A7 st 202—207 GNFVSA
275—280 GIVSTA
CI N-HEHAL AL A 484—487 NCSF
N-FE B A6 7 £ 480—485 GIHINC
6K2 ik 2 SR T R A 7 o 1—4 SKYE
Nla-VPg CcAMP—FI cGM P i 1 25 1 4 il B R A3 1 3—6 KRQT
R R C W Ak 1 s 6—8 TQK
39—41 TKK
ik 2 A S 1L R 7 o 176—179 SKAD
N-RE AL 46—51 GSTQTK
Nla-Pro Tt B 11 SR T I Ak A7 4 157—160 SVSD
N B A7 aid 34—39 GVGYGA
NIb ik 2 1A S T A% R A 7 o 337—340 SEKE
460—463 SKDE
CP CAMP-F cGM P81 8 11 V84t B 12 1 7 210 16—19 KKNT
O C W R A AL 15—17 TKK
i P IR TR AR A o7 1 5—8 TGED
19—22 TNNE
255—258 TNAE
NPt AL A7 i 38—43 GTTSSG
251—256 GNISTN
25 BEHEDW TR0 T L SR D B 7E SMV-SXBX EH 41 3 056—

K F RDP4 # F / ) RDP . GENENCONY .
BootScan . MaxChi. Chimaera . SiScan 1 3SEQ 3k
7 Fh 5 B X 4 SMV-SXBX 7E N ) 107 £k SMV
BT R T AN AT EAL T SR E 3R,

1.000 -

0.858 -

Correlation coeffictent

0.574 -

0.432 -
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6 895 bp i & A HH G kA, H EEHEARN
SMV-HZ1 4% (GenBank number: AJ628750.1),
B SRR ) SMV-XFQO08 43 8 % ( GenBank num-
ber: KP710873.1), 2 Ak A H .

95% Breakpoint confidence interval
99% Breakpoint confidence interval
Sites excluded from analysis
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2 540 5080 7623

Position in alignment
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Fig.3 Recombination analysis of SMV-SXBX
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EEE-FE AN AEY, BAIRENE
TEOTAEL SR, 2 B A0 3 () 8 4 ™ 5, Horp L
BRI SR BOMERT A 1 — RIS T o N RE R PR
MR 2 AR T RR AR BRI AR M AR AR AL L &
INBC AR AE , (R Ak 1 A K™ 5 A2 4, K AR
23 35 U R SR AL E TS B0k B 7 b
dn BT RN e B AR G R BN R E AR B X
R P EG L CEE R RE. AR R
AU, SMIV & R 0 359 8 rh e ™ o 4 AR i
W, K G A 7R R R E L, fE SMV K AT
Ry, Z AR Y B R G R R IX AT REH B 7090 DA LAY
PR O B LR R S sl Rk, SMV
XoF 2 B0 42 G the T 8 i e B e

T % Y i 7 B (Potyviridae ) T £ 2 Y 5 7%
J& (Poryvirus) B 63 () 2 [6] R¢ 1E S B 547 58, H 8F
HJE R BT R, LA K EAE 10 kb A2
A, e gw A% 10 A8 A B, AN 3 2 C 3 43 51 o P1
HC-Pro. P3. 6K1. CI. 6K2, NIa-VPg. Nla-Pro.
NIb 1 CP & [, bR i Z 5k, i 45 — 4~ PAN-PIPO &
FI L, F P3 R AE N ARBIESOR SMV-SXBX
14 % 1 R AN 21 R 31 5 NCBTI R i HoAth SMV
Gy B W)Y 5N HEAT R 43 BT, e A RLPE 43 A 4
FW ,SMV-SXBX 5 SMV-Hangzhou 43 & ¥ i #
UM B v, A% R 3 0 AR L O 92.09 %, 24 AL R
750 A AL S 95.91% 5 & Gt F 4k 43 B 25 S 3%
B, SMV-SXBX #il SMV -Hangzhou 73 85 ¥ 3 2 X

PG SMV J5 , &5 H AR IE BE A 0 R
T A5 AR, 78 E) EL AR R B O A R AR A, i 3R
PR A B4R T A s R L S A
i, W J B o R A R VA R R R 28 A FLE
AR B LA A Y, SMIV Y T B S R A R R
7B, REBT AR R WA FVEE LR G A B
TG RHEY A =Y HA A BT SR 4
LSRR = 3 2 SMV W4 5 1. A 2004 4,
CHEN Z5229 W % IR SMV et 12 g 2 5 Lok |, i
it Z 58 N S B Ay A3 E SMVETE (R
SMV fig % 58 il & BHE P 1 A E I B YLk E W
JE BRI S AT A0 AT R BT SMV PR At AR
hORETHMA S, O R RV, SMV 4iid i1
P1* HC-Pro® P3* I CP™/ K 13 15 2F £ ¥ [

£ K, SMV-SXBX J7 5 #H Ll M 43 BT & B, £ SMV
ERAgmMS I EA T, ZR R RWEAN
Pl & M1, & 1 W f & LR )y 5 22 = 1 0 il
34.93% F136.28% o

P18 A& B A RS B R/NE R K E A,
IR B, SMV 5L K 41 4 15 1) P12 76 AS [ 90 25
A % [7) — 97 35 N [ i 3 ) 359 25 1R IR R A S Y7k
PR QR SF 2R (0T B BY TR B G N ) 2 T £
AR, HC-Pro  P3 A1 C1 85 H Hh A7 16 — 8¢
B HPE R R DB LR AR T R 5 BEE ) 4Y
5 3 AR T EL R 22 00 B RE A5 3 o ok AR
J1 e PRER LAk Bk A T2 A0 AG I A 2 R AR
W38 5 X% A [ SMV 43 B W5 16 2 05 51 e & 3R,
SMV-SXBX % H 4 H A7 24> i T 2 B g 78 48 ™
A T RE AV AT, A A B R AL Tk SR b B SR AR A AR
. Ho P1EE A B 251—254,299—302 {4 Al
HC-Pro & 119 124—127 {3 55, , 3% 26 [X I (1% %2 5L 2
AR i Asn—X-Thr/Ser, M i 3515 N-K# 31k 1))
i ;P12 1A 16—18.107—109 ., 156—158 i & ,
HC-Pro 25 H 1Y 332—334 i 5, A M CPHE H )
15—17 o7 f5, 3 8 X35 1 420 6 i 28 8 AR 15 28
fiti C B2 AL T fiE s P14 14 19 192—195,207—210 {7
J5 L HC-Pro & 111 143— 148 5, P3F 1119 315—
318455, LA S CP & H ) 5—8.19—22.,255—258 i
R, 3K DX 1Y R TR 5 AR AR A I AR 1 A T
B2 Ak T BE s P34 (19 179—182 i 5 Al CP 2 M 1
16—19 o7 &, , 3 &6 X3 1) 22 L R 5% 742 3K 4% cAMP-
1 cGMP— M 25 B W TR fL D Ak . AT BFSE
72 WY Wl 1R A 30 ) 2 11 B R R A8 AR TR Y e AR Y
TG M 40 R 7 DL RS I O B R AR BV AL DK
Fit 1) Bt TR 1 0 W55 1R it 1) 2 O 2 A £ W0 i 5 1 R
2R 58w 4L % B (Turnip yellow mosaic
virus, TYMV) 2K 24 OR1 4 #5% i RdRp & 4 i 34
B TR Ak 7 X0 0 B 19 4 e MR 0 3 52 ), R 68 %
1195 7% 5L X 40 RNA FiT CP 2E H 4 7K S, 2 1 5 i)
I3 B 2 YL e 1110, v [ /N 22 46 9% B (Chinese
wheat mosaic virus, CWMV ) & & 2 bt & 12 55 A 89
2 1 W8 TR A A5 503 o 10 7 400 B B T R AR AR Y
A B dE AL P R e R R E AN
AU e R AR LA TR S @ O el S N i
KA AR, R T T BE AR AR AR T B S
B 16 4 4 T, R, SMV-SXBX K X 41 4 74 1 25
FWE PRS0 0E TAE IE A AT MO ES A B oy

<117



W PGP R 22 2025 4R 45 53 445 4 1)

SMV Rz Jef 5 12 e MLl e b 4 % .

BE N A AR B AL R AR A A
BUJARSKI 209 ¥k 7F 48 % &5 46 M % 7 (Brome
mosaic virus, BMV) H & 81 T HE 9 5 38 RNA 4
MG, B LR A5 A3 22 9 DI RE3S . LA
FHSTEFEEENANEHU LRESHFEZ
V] Ty Bl DX 11 2 % ke 2 1) 3R 2 il i 4 i okt
A Y N AE N, LA B Y 9 B (Potato
virus Y ) J& 5 B P A K AR L ACHT S . OHSHIMA
FURB T ELMREN 6N EY A
10% BATAMSE ., REVERS %R B, 75 109 4
LAY WY AE IS AAEHANRE . ©
AR EW , SMV 718 K iy b B b ik &) & 2k
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#% (Calla latent virus, CLLV) |\ P4 JIAE 3% B (Wa-
termelon mosaic virus, WMV) | & ¥ Ik 4€ 9% 2
(Wisteria vein mosaic virus, WVMV) 3% &35 4¢ 1
i 5 (Bean common mosaic virus, BCMV) | 85I & ff
& £ %5 B (Cowpea aphid-borne mosaic virus,
CABMV) F1 £ 5 % 5 48 M 35 3E 5 2 (Bean com-
mon leaf necrosis virus, BCMNV) 6 # PVY J& 5
B, SEO BT R, AN R 20w M i 4
77 SMV g 8 53 i 0 5 i R S iy Pk o A
5% M RDP4 144 XF SMV-SXBX St [H 21 #F 17 &
H M, & IAE H 3 056—6 895 bp X 1l N £ 1 &
HFEM, FEFEANSMV-HZ1 B, IR B EAR
N SMV-XFQO08 43 #5 4] .,

SR, X T SMV 5 RHZ gy & iy B AR HLH
M T EE AL AR ek v B T R AT AR OGS . B AT,
LU PG ARl R 27 v 25 6 SR AR B 5 256 T & T A
BAE A2 4 45 5 SMV K 543 B 5 R SMV 2
BB et v Y S TAEIEETT R . AWF
FEOR A WA B2 07 % SMV-SXBX 11 3 8 41
S5 R AT REHEAT 20 B, WF 5T 45 AL 0T S BB SMV
PR Gy iy AL A 5% 25 0 e BL Al
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