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Abstract: [Objective] The study aimed to obtain the whole genomes of GVB Inner Mongolia isolates
and analyze their genome structures and sequence consistency and phylogenetic relationship with the
reported GVB isolates.[Methods]1The total RNA was extracted from the Shine-Muscat grape leaves by
Spectrum™ Plant Total RNA Kit, and the extracted total RNA was reversely transcribed into cDNA us-
ing the PrimeScript™ II 1s; Strand cDNA Synthesis Kit. According to the conserved regions of 22 GVB
whole genome sequences reported in Genbank database in NCBI, 3 pairs of primers were designed for
the amplification of GVB gene fragments. Using cDNA synthesized by reverse transcription as tem-
plate, the reaction was conducted under conditions of initial 3 min denaturation at 95 “C, 35 cycles of
95 “C for 20 s, the annealing and extension temperatures of the three pairs of primers were 49 “C for 20 s,
72 °C for 3min 30 s; 56 ‘C for 20 s, 72 ‘C for 1 min 10 s; 53 ‘C for 20 s, 72 °‘C for 2 min 30 s. The 57 -
UTR and 3’ -UTR were amplified using the KAPA HiFi HotStart Ready Mix PCR Kit. The the purifica-
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tion of PCR amplification products was performed following the instructions of agarose gel DNA recov-
ery kit for specific steps. The purified PCR products were ligated and transformed using the zero-back-
ground PTOPO-TA cloning kit and E. coli IM109 Competent Cells, and the E. coli IM109 was trans-
formed by heat shock method. The Vector NTI 10.1.1 was used for splicing and correction, and the full-
length genome sequence was obtained. The BLAST algorithm was used to search the NCBI GenBank
databases for homologous sequences and ascertain the identity of target gene. DNAMAN was used to
analyze the GVB gene sequence. The phylogenetic tree was constructed using the Neighbor- Joining
(NJ) method in MEGA 6.0. The RDP4 was used to analyze the recombination of GVB isolates. [Re-
sults] The two full-length genomes of GVB Inner Mongolia isolates were successfully obtained by RT-
PCR combined with RACE technologie, and all sizes were 7609 nt. They were named GVB Hohhot- 1
and GVB Hohhot-2 respectively and submitted to GenbBank with the login number OM103705 and
OM103706 respectively. The sequence alignment analysis showed that they all encoded 5 ORFs. The
ORF1 encoded a 5133 nt RdARp, ORF2 encoded a 510 nt protein with unknown function, and ORF3 en-
coded an MP of 972 nt in length, ORF4 encoded a CP with a length of 591 nt, and ORFS5 encoded a
NABP with a length of 372 nt, 5’ non-coding region of 310 nt, 3’ non-coding region of 250 nt. Based
on the comparison of the nucleotide sequence and the amino acid sequence of GVB isolates, the nucleo-
tide homology of GVB Hohhot-1 and GVB Hohhot-2 isolates with 22 reported isolates was 74.9%—
96.5% and 74.8%-96.4%, respectively. On the nucleotide and amino acid levels, the ORF2 had the low-
est consistency with the other isolates and the largest variation, and the amino acid sequences of CP
gene of 24 isolates had high homology. The phylogenetic tree was constructed from the whole genome
sequences of 24 GVB isolates, using Grapevine Virus A (Accession Number: DQ787959) as external
reference. The 24 GVB isolates were divided into two groups, the two GVB isolates obtained in this ex-
periment were fused with GVB isolates from The United States (MN716773), Brazil (KX790785,
MW357718), China (KF700375), Canada (MZ440726, MZ440728) and Japan (LC617945). The GVB
isolates from Canada (MZ440727, MZ440725, MZ440724, MZ440723, KY426923, MZ344593), South
Africa (GU733707, EF583906, KX522545, KJ524452), India (MT454065) , Croatia (MF991949), The
United States (JX513897) and Italy (NC_003602, X75448) were clustered into another one. On the phy-
logenetic tree the 24 GVB isolates were divided into four groups. The two GVB isolates obtained in this
experiment were fused to the isolates from Canada (MZ440726, MZ440728) and Japan (LC617945).
The two isolates from Brazil (KX790785, MW357718) were divided into a group, and the isolates from
China (KF700375) were separately divided into a group, and the isolates from Canada (KY426923,
MZ440727, MZ440725, MZ440724, MZ440723, MZ344593), South Africa (EF583906, GU733707,
KX522545, KJ524452), Croatia (MF991949) , The United States (JX513897, MN716773), India
(MT454065), Italy (NC_003602, X75448) were divided into a group. The two isolates obtained from
this study were most closely related to the isolate from Canada (accession number: MZ440726), the con-
sistency was 96.5% and 96.4%. No recombination events were detected in the 24 GVB full-length ge-
nome sequences by RDP, GENECONV, BOOTSCAN, MACCHI, CHIMAERA, SISCAN, 3SEQ. [Con-
clusion] The study obtained the complete genome sequences of the two grape virus B Inner Mongolia
isolates for the first time. We also analyzed the structure of the virus genome and its sequence consisten-
cy and phylogenetic relationship with reported GVB isolates. This study would enrich the genetic data-
base of GVB, and lay a foundation for the further exploration of classification of GVB , the rule of the
virus evolution and the subsequent development of infectious cloning in China.
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] & 4R 5 A1E (rugose wood complex disease)
AT — Fh i ak A LA T E ) 2 e BRI R
AL 2278 2200 DA AR B 27 R 5 B 4 i 6 %
J9i 2 B(Grapevine virus B, GVB) & 5| i2 i & AR &
BAERR R BFFTR I, K73 BRI A %
—HIEE R GVB SR PNARE A b, 52 5 A
PRI AR GE IR B 2, g A B RE RS ELAA #50, A o 35
IV A, 7 B R R R B, I S it RRk )  40
HUT, S0 i £ ] e A RS 6 260 7 X e K. GVB
FEAE 1999 4 T MUK 5 — Ik gk ), B BT
#BOETE L EEEFIE B R LA L E L A E
FHER B 45 2™ B K AHL XOR A fa 70 fERIE )
b0 I | N LU D IS VAR TR b | AN 1D = e
o 7 A A 2,

GVB J& T & 2 9% 25 £ (Betaflexiviridae) #i
%1 B J& (Vitivirus) B 01, 1200 58 001 52 2t 25 it
MR, K 725~825 nm, B AZ 12~13 nm™, BRI 2 1F L
L g RNA 43 T (positive- sense single stranded
RNA, +ssRNA) , 5 B J& K 41 & A 1% H 1R 20 79 7600
A AL 350 poly (A R 21, ik [K 4H 2w i 5 AT
15 132 HE Copen reading frame, ORF) , ORF1~ORF5
53 9l 9 i 194.7 ku & il B &5 I (replication protein,
RP) . 20.2 ku [ R 1 2 E 8 . 36.5 ku iz s & A
(movement protein, MP).21.5 ku #}5¢ 85 H (coat pro-
tein, CP) A1 13.9 ku #% 2 45 15 & [ (nucleicacid bind-
ing protein, NABP) . 5’ % 4E4i i [X (untranslated re-
gion, UTR) K/ Ry 48 nt,3”-UTR K/N A 142~148 nt.
GVB = 222 i id 108 &) By W (Pseudococcus affinis)
G SO i (planococcus ficus) HEAT &K, 1%
I B I BL A 2 3 49 il & AR IR (Nicotiana benthami-
ana) ~ 78 J7 il (N. occidentalis) F | 4E £} i MK (V.
cavicola)™,

EH FTAESREG = T 2018—2020 FE 2 [A| FF g
W5l IR DR & R R I TAEY, BAEFEE
GVB [P 5 R ¥4  , B GVB I A& b 15 0L, N
T E GVB 73 K A7 o 25 3 A AR B 5T, DA% S
T A5 Gt 5 [ B3 E — 7 : il

1 PRI

1.1 ik HR
MW H IR X 7 AT X R4 69 )% 4 FF
i Hed A2 BRSR P 52 E R DX R R T AR

DX (14 BH G BB 4 1 i RS 21 T GVB 1R 4, 5%
P H A R A BB A A R R T . R
2HERR (GVB NS 40 B, R IRD 43 il fin 44 22
5M28 5, GVB It th A% 5 2.9%(2/69)
1.2 FEKFA
& RNA #2 Bk 7 & Spectrum™ Plant Total

RNA Kit ) H 76 4% 350 B8 B 25 ( Rl R 5 A R A
#] ; PrimeScript™ 11 1st Strand cDNA Synthesis Kit Ji4

Wi F g (AL D EMBEAR G IR A 7 s MS # O
mix 4 H b5 R A R AR A IR 7] B b e
Ji&z DNA RIS 371 &5 - o8 B 34K CV14-Zero Back-
ground pTOPO-TA Cloning Kit 14 H 33 A= P4 R
A PR 2 7 ; SMARTer® RACE 5°/3 Kit I [ 544 T
FE CK3E) A5 BR /A 7] ; KAPA HiFi HotStart Ready Mix
PCR Kit W F At 52 5 9L 3G 2L P FHE A R A 7] s Mark-
er(DNA Marker I11.DL2000) % [ KA A= AL BH (A6
WO H R Al s KW A8 B2 & Escherichia coli
JM109 Competent Cells & 5 & H B AEP)H AR (L5
AIRAF
1.3 753k
1.3.1 ERNA#R LRNAFRIAADES SR
77l % Spectrum™ Plant Total RNA Kit Ut B 5. H i
LA B 5 RNA L 7 66 BT (B SRR
A PR 2 1D I A B AN A AT Rk ke ) I e R
P, FFARAE T 20 “CUKAE &
132 R % % & A cDNA % — 4 fi# Ji] Prime-
Script™ II 1st Strand cDNA Synthesis Kit[ 3 1% 22 #%
CAE 5 AR A B 2 A 1k 0 & 52 B A
RNA & #5% ii cDNA. BT : £ RNA 1.5 pL,
Oligo (DT) 1 pL, dNTP mixture (2.5 mmol) 4 pL,
RNase free ddH.O 6.5 L, %5 I & 5 % 2, T PCR
{65 "CAEME S min 5 IE VKA 1 min, FIIA 5%
First Strand Buffer 4 uL, 0.1 mol - L' DTT 1 pL,
RNase Inhibitor 1 uL, SuperScipt III 1 pL, & 4K RN
20 uL. PCRAYH150 ‘CALEE 1 h,70 ‘C A 15 mins
RS PEIAE 20 CUKFEIRAT -
133 GVBARMayz% SIWkit. HHENCBI
1 Genbank £ 45 ¢ 1 L 4RIE 1 22 % GVB 4= 2 R 4
FE B AR 57 X 23 59 ¥ it 3 6 GVB 2[R F Be g™ 18 fr
F 5% GVB 1/GVB 2.GVB 3/ GVB 4.GVB 5/GVB
6 5 3’ RACE. 5 RACE 5| ¥ J¢ H & 51 ¥ it 47 RT-
PCRY™ 1Y, 73 3 Bz Bk R F BT A1)k AT v B, B 4%
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GVB B K 443 . DU 5 5% & 51 cDNA i
R, 48 FH 2xM5 Hiper #8633 mix % 22 5128 5 FHO
BUBL A I FE o 3 By i 3 GVB £ R4 . PCR

ARSI

Table 1 Primers used for detection and amplification of full-length genome of GVB

SRR SIWIFAI(5°—37) B SIKIE SIhLE

Primer name Sequences(5’—3") Tm/C Size/bp Primer location/bp
GVB 1 AGTAATGTCAATATCCGTCTC 58 21 45~65(MZ440726)
GVB2 TTCHGGTTCACCCTTRTAACC 64 21 3883~3903(MZ440726)
GVB3 GTACAGGTTAGGTGAGCACCT 64 21 4962~4982(MZ440726)
GVB 4 GGTCTATCAGCRAACACGCTT 64 21 7427~7447(MZ440726)
GVB 5 CTAGAGCCACAAAGAACTCA 58 20 3754~3773(MZ440726)
GVB 6 GAGGARAGGGAGTGCTACTC 64 20 5086~5105(MZ440726)
3’RACE AATAGTCTATCCCTGATTYC 55 20 7590~7609(MZ440726)
5’RACE ACACTCGTRTGWACCCCTTT 60 20 1~20(MZ440726)

SN EAA Z N 20 L, 2xMS Hiper i 5%3% mix 10 pL,
S1#)(10 umol -L " )% 1 uL,cDNA 2 uL,RNase free
ddH.O #hF- 20 uL, 73 54 FH 51 ¥ % GVB 1/GVB 2.
GVB 3/ GVB 4.GVB 5/GVB 6(# 1). GVB K4
PCR 4" 32 7 4% B 31 25 AF1E4T 35 MEFA : 95 “C il
A5 % 3 min, 95 ‘C 4814 20 s, GVB 1/GVB 2 5| ¥ %f
49 ‘CiB-k 20,72 C4EMH1210 s;GVB 3/ GVB 4 5|4
X§56 ‘CiBK205s,72°CHEMHI70 s;GVB 5/GVB 6 514
X 53 CiB k20,72 ‘CLEAM 150 s, e 72 CHhF
5 min, 12 ‘C[%i 2 min.

{# F§ KAPA HiFi HotStart Ready Mix PCR Kit
WA &Y 1 57 F 37 35, PCR b S 4k 2 4 25 pL,
2x KAPA HiFi HotStart Ready Mix 12.5 uL, 5| #)
(10 pmol - L") % 1 pL, cDNA 2 pL, RNase free
ddH.O #h~¥- %2 25 pL, 51 ¥ .35 SMARTer ®RACE
57/37 Kit Wl &AL UPM 5% GVB 3 K ¥ii [
GRS 519 37 RACE L K 57 K i [ 41 4 5 5
¥) S'RACE. 5’13’5 PCR 4 14 % DL N 2 7 347
98 “C il 1" 4 min, 30 MEHF : 98 TAAE305s,60 C
IBk455s,72 ‘CHEMM 45 s;72 CHMF 5 min, 12 C
PR 1 mine K5 PCR =43 1.0% (w) 5 AR A 8 i
FL VK FEAE SR AMT T B AT R, W 15 438 H AR
it FERIMT NI HFRFAVIT, 804 2 mL B0
B
1.3.4 PCR =4 lishib 4R ¥ PCRY
38 P Wy AT R RN L A O B 2 2 B T i R
DNA [E[ ) & e B . 44k )5 19 PCR =41k

%1 5 pTOPO-TA 7 [ 1X 7| & E.coli IM109 Com-
petent Cells 47 1% 42 4% 44, , Bk HILIE W V.35 1) 1 £ 50
WEEATY & S RBIE AL E. coli
IM109. PCR 404 = Wi 52 ) B4R 2 1R : DNA 1~
8 uL, pTOPO-TA Vector 1 pL, 10x Enhance 1 pL,
RNase free ddH,O 0~7 pL, 24K &4 10 L.

PR RE T 37 CiERE2h. LW AR, Bk
WABKEE ]l mL LBRASEFEERATHESE
ZOH 37 C.180 r-min' 55 5%, H & H R . Xt
PCR %558 9 PHAE (%) B8 VB3R AT U 7 , 45 31 BH M v B S5
BEATLIZE 2 /N0 . ) B YR AT 0 7
135 ARA%#MERP—s%M AW GVB
g e 7/ B 7N PN B e R (1 P = 2 I
Iy B 3 B GVB ¥ 41 v Bt 5 3'RACE.5S'RACE 7
HAd Fil Vector NTI 10.1.1 34 #E AT B2 AR IE , 351
RAEKIERHATI . PRI KB R 4H 751
JH 1 NCBI %45 JE (https://www.ncbi.nlm.nih.gov/) [f]
BLASTn f2 /7 A7 MR M R, shw H 2 BN
GVB. M Genbank %4/ £ (https://www.ncbi.nlm.nih.
gov/) N E A CHRIE GVB 7 S AR K A 7
I T )G 8 — 8k o i A R gk dk oy i . R
DNA MAN 1.2.1 B AR IR $RAT (1) 2 4> 55 B P
FE R A 4 7 40 R AT AHRAE LU XY, 940 #1 H 5 Gen-
Bank $4f 72 A 22 4N GVB 23 B4 2 18] ) 4= 3 [
JF B LA S %A ORF 2 [8] A% BR AN G AR L
13.6 ZAREoHATasir HMEGA 6.0
PERE AR IEFRAF 1 2 > GVB A 5205 40 B4 L KOk
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E AN B R A2 £ 1922 > GVB 4 B3t T K 5
R 2H J CP E R TR T HIHAT RGO K E hr. K
FH 41 $2  (neighbor- joining method , NI #4) 7 i3k {k
R, B AR BN 1000, 35 4 50% . H T 50 # 1)
GVB 7 B3R A 75— 8k RGR B i LK
AT BARE B WR 2R

. F RDP4 #A4 %t GVB %4 2 W3k 47 41 4y
1. 20 i B b >k A RDP. GENECO NV,
BOOTSCAN. MAXCHI. CHIMAERA . SISCAN Al
3SEQ L7 Rl 5 ik, H LA b7 Ry v p i A 5 Rl 56
WEARERRZ NEH . AT IR T 973K
RUEFEL A, HARSS BN E

2 ERE55W

2.1 GVBHEEFEBRY 1E

F| 1 GVB 1/GVB 2.GVB 3/ GVB 4.GVB 5/
GVB 65 5'RACE.3'RACE %3 |47 RT-PCR 1 ,
IRAF 1) R 5 1 2% 71 K/ A 3780424891047, 310,
250 bp, STHAFHAT (E 1~2) .

22 GVBHI2MOBYERBLEWFFT—BUE
T

B BT I GVB 3 B R 41 BRI 5703 K
sty By BedEAT 9%, RT3 10 2 A GVB I 5 1 4 B 4 3k
IR 2H 4= K 35 5 7609 nt, 43 7 47 44 9 GVB Hohhot- 1
A1 GVB Hohhot-2, # H42 4% %2 GenbBank , & 3% 5 71
%1 OM103705.0OM103706. i it /5 41 Eb X6t 23 #r
J& o, R R WA 54 ORF, 70 Hl g i 5 MR 1 .
ORF1 % iy 1 A~ K & 24 5133 nt (49~5181 bp) 1)
RdRp; ORF2 Zwfith 1 MK 9 510 nt(5174~5683 bp)
HL Iy B8 A S0 2 1 s ORF3 4 i 1 AN K JE 9 972 nt
(5553~6524 bp) ] MP ; ORF4 %ty 1 MK & A 591 nt
(6448~7038 bp) [ CP; ORF5 i i 1 MK 4372 nt
(7083~7454 bp) [(INABP. 5’ k4wt X 310 nt,3’
JEgm b5 X 5 250 nt.

%2 SDTv.1.0 B A 73 M 1 Al 56 3K 45 1) 2 A
GVB W Z 1 0 B 5 CARIE ) 224 GVB 43 ) 18]
B IR AH A% R — 20 DL B 75> ORF 2 1] I i% 1 IR
H5E I 5. GVB Hohhot-1#1GVB Hohhot-2
(1) 4% £ B2 [ Y5 4 4 99% . GVB Hohhot-1 5 22 4>
GVB 75 B ¥ 4= Jk DR 20 k% 8 R[] U 1% 9 74.8% ~
96.5% , GVB Hohhot-1 RdRp [ #% H 8 5 A K % 7
F 5 o Ath 22 Ff 43 85 W 1 — SO 2 5l O 74.3%~

*2 BATF—HM RELEMELSTHN GVB £HEH
SEF5
Table 2 Reference sequences of GVB genome used for

identity, phylogenetic and recombination analyses

7% =L
NCBI &35 %3

Ir e NCEI Kz %
Isolate ¢ Host Length/nt Country
accession No.

8415 KY426923  HA4 7614 JIIE-N
Riesling Canada

GVB-QMWH KF700375  #i%j 7610 T E
Grapevine China

ISA-BR KX790785 % 7605 i
Grapevine Brazil

GVB 248 KX522545 % 7602 EElS
Grapevine South Africa

GVB 953-1  KJ524452 CiE] 7601 ZEIE
Grapevine South Africa

- NC_003602  Hi%j 7599 =yl
Grapevine Italy

94/971 EF583906 %% 7599 mE
Grapevine South Africa

GVB-HI GU733707 %4 7599 Mk
Grapevine South Africa

VD-102 MF991949  ZATHIFA 7598 T2 L
Dobricic Croatia

12G455 MZ440726 % 7609 JIIE-N
Grapevine Canada

) LC617945 4 7563 EEN
Vitis sp. Japan

GVB-BIB-BR MW357718 3¢ i %i 7599 (Y]
Hybrid grapevine Brazil

- X75448 % 7599 BRA
Grapevine Italy

Cultivated-  MN716773  Hi%j 8012 FEH

TNI1 Vitis vinifera USA

20PRTO1 MZ344593 %] 7605 JIIE-N
Grapevine Canada

17VT16 MZ440728 % 7489 JIEDN
Grapevine Canada

16GVP005  MZ440727 %% 7598 JIE-N
Grapevine Canada

12G435 MZ440725 % 7583 JIE-ON
Grapevine Canada

12G4133 MZ440724  Hi% 7594 JIE-ON
Grapevine Canada

12G413 MZ440723 A% 7592 JIIE-N
Grapevine Canada

TS_GVB MT454065 7 AR A% % 7565 Nz
Thompson India
Seedless

GVB 3138-01 JX513897 CiE] 7601 EH
Vitis vinifera USA

T RED AR A N
Note: “~” indicates that the isolate name is not clear. The same below.
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4500 bp 3780 by 4500 bp
3000 bp P gggg ]l;p
2000 bp P
1200 bp 1200 bp
800 bp 800 bp
500 bp 500 bp

200 bp 200 bp

2430 2000bP

1047 bp
1000 bp
750 bp
500 bp

250 bp
100 bp

M. Marker TI1.DL2000; 1. #5 /K% [ 2. 22 5 BOGECBR AT AT M Fr g 9 2441 53, 28 5 B BCRA & ) 7 1 56
M. Marker [1I,DL2000; 1. Water control ;2. Leaf amplified band of No.22 Shine Muscat; 3. Leaf amplification band of No.28 Shine Muscat.
E1 GVBEREREIIBER
Fig. 1 RT-PCR detection result

2000 bp

1000 bp
750 bp
500 bp 310bp
250 bp 250 bp

100 bp

M 1 2

2000 bp

1000 bp
750 bp
500 bp 310 bp
250 bp 250 bp

100 bp

M. DL2000;1. 5’RACE;2. 3’RACE.
&2 GVB EE4E 5’ RACE 1 3’ RACE 184 R
Fig.2 5 RACE and 3’ RACE detection result

96.4% M1 83.4%~98.0% ; et , B H R /7 41 5 & K
73 B (MZ440726) F1 H 443 B4 (LC617945) — £
PEd s, 5 AR B (KJ524452) — Bt ik, &
FER 7 5 5 INEE K0 B (MZ440726) — 201 5 =
5 58 K F] 5 3 W) (X75448 \NC_003602) — 551
ik . ORF2 W% 1 B Fl & B /7 51 — B0 43 il o
62.5%~94.9%F1 57.6%~91.8% , 7% H 1R Fl = F: R —
RS H A B (LC617945) it i » #% B 5 411
5ing k0B (MZ440724) — SR, S EE R
F 5 005 K 4> B 4 (MZ440727) A1 ED FE 7y B W)
(MT454065) — B0 f K« MP [ 8% 1 R A& s iR
51— B0 23 ) 73.7%~95.5% 1 75.4%~95.1% ,
EHBRFY5 H A2 59 (LC617945) FlinE K4
HEY(MZ440726) — B e, AR T A5 H A
B (LC617945) FIINEE K 43 B W) (MZ440728) —E(
PEf o, H R IR T Y #5 I E K &)
(MZ440727) — B MEf K . CP 3 RUAH X #4555, A

[7) 73 BG4 2 [6) R A% R AN 28 BE 1R 3 41— B0 23 70l
78.0%~98.3%H1 87.3%~99.5% , % F R F1 & F 12 7 51
HHAEYI(LC617945)— 3k N & T IR
7515 2 N IS K 4 B (MZ440725 . MZ440724)
2L [E 4y B4 (JX513897) — B S A , R IR T 4
52 H 4> B (MN716773) — S 5 {% . NABP [
W2 H TR AN 28 L IR 7 51— U 43901 4 83.1%~97.6% A1
84.7% ~98.4% , 1% H R T 4l 5 & K 7 &4
(MZ440726) — B Ml m , 5 M E K5 E Y
(KY426923) — B 1t i i, LR 7 51 5 I K 5
V) (MZ440726) F1 H A5 554 (LC617945) — B 1t #
B, 5 EE S EY(MNT16773) — S E AR

GVB Hohhot-2 5 224> GVB %3 B 44> 3 R 4 4%
H S [F 5 1N 74.7%~96.4% . RdRp M H R 5 &
BB 755 H At oy B0 — B0ME 5 5 74.1%~
96.4%#1183.1%~97.6%. ORF2 {114 B2 AR I 7
B — S 5 BN 62.9%~94.5% 1 57.1%~90.6% .
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MP ()42 B2 S B2 1R 7 41— BME 49 0 o 73.2%~
95.3%H174.5%~94.8%. CP % F IR A FE R 751
— FE 9 BN 77.2% ~98.1% 1 86.8% ~99.0% -
NABP 1% B A B/ 17 71— B0 30 h 82.3%~
97.3%7F01 83.9%~96.0% , H.H1 5 22 > GVB 4 B I
7 51— 350V B i AR IR 5 GVB Hohhot- 1 2 & — £
(F3~4),
23 GVB2M" BN RGHLK S

X} 2440 GVB 7y B AR R A P HIR e R gtk
W, LLF &9 5 A (Grapevine virus A, GVA) C& 35
DQ787959) A4S IEN . 45 EoR, ik 24 1 GVB
SrEILI N2 AR . AR R 24 GVB
5 B 5 3 E (MN716773) < B G (KX790785.
MW357718) . 71 [ (KF700375) « INEE K (MZ440726
MZ440728) . H A (LC617945) 1 GVB 43 B ¥ 5 N —
32,31 H 5k E gk (MZ440726) 1t GVB 2 B 55
SR R T ok B INE K (MZ440727. MZ440725.
MZ440724. MZ440723. KY426923. MZ344593) .

JE(GU733707.EF583906 \KX522545.KJ524452) .E]l
% (MT454065) « 72 % Hi W (MF991949) . 3
(JX513897) A& K F (NC_003602.X75448) ] GVB
IEEA—X (B3,

244~ GVB 43 B IH) CP 2L IR 7 41 7 i3t 1k
B, LA GVA (B35 : DQ787959) WAL S L[ . 451
LR, 240 GVB o B 4 . AR
M2AN~GVBAZE L TEMERA IMEX
(MZ440726.MZ440728) « H A (LC617945) 1] 43 &5
W% N— 3%, H v GVB Hohhot-1 Al GVB Hohhot-2
5ok B &K (MZ440726) K147 B W55 % o< & &%
T 5k H B P (KX790785 . MW357718) ) 2 AN 43 15
W0y N — 32 s K B E(KF700375) 1 43 25 4 98
45N — 35 R E I E K (KY426923 . MZ440727-
MZ440725 . MZ440724 . MZ440723 . MZ344593) . 4
4E(EF583906.GU733707.KX522545.KJ524452) . 51,
% i 7. (MF991949) . 34 [H (JX513897 .MN716773)
El B (MT454065) F1 5 K F] (NC_003602 . X75448)

%3 GVB Hohhot-1 5Eft 22 /> GVB # B ERSRER B
Table 3 The nucleotide and amino acid identities of GVB Hohhot-1 and 22 other GVB isolates

. . - RdRp — itk ORF2 — ik MP—# (% CP—#ME(#%  NABP —#E (%
I o o t? <¢z§a@?m&> (#Zfrﬁﬁ/%;%ﬁﬁ) ﬁvﬁg/g%eﬂ;f ﬁ@/;i%ﬁg ﬁﬁa‘;/ﬁgﬁ%> :
(accession number) homology/% RdRp identity ORF2 identity MP identity CP identity NABP identity

nt/aa/% nt/aa/% nt/aa/% nt/aa/% nt/aa/%
8415(KY426923) 75.7 75.1/85.8 67.3/59.4 76.0/80.1 81.7/91.9 83.1/86.3
GVB-QMWH (KF700375) 78.5 77.7/90.0 72.2/70.0 78.6/84.4 82.4/92.9 87.1/89.5
ISA-BR(KX790785) 79.1 78.1/90.4 72.5/69.4 79.3/83.5 83.1/92.4 87.9/91.9
GVB 248(KX522545) 75.0 74.8/86.2 64.8/61.1 74.7/76.0 78.2/89.3 86.3/88.7
GVB 953-1(KJ524452) 74.9 74.3/85.0 65.1/59.4 74.8/77.9 80.2/90.4 83.9/87.1
-(NC_003602) 75.8 75.2/83.4 67.5/61.2 76.2/81.0 81.6/91.9 83.7/87.8
94/971(EF583906) 75.8 75.4/86.1 64.5/60.0 76.9/77.6 79.0/91.6 84.9/87.9
GVB-H1(GU733707) 75.2 74.6/85.7 65.0/60.6 75.5/76.6 79.4/91.9 86.6/89.5
VD-102(MF991949) 75.3 74.6/85.8 64.7/60.6 76.1/77.9 80.2/91.4 86.0/85.5
12G455(MZ440726) 96.5 96.4/98.0 93.7/90.0 95.5/94.8 98.1/99.0 97.6/98.4
g2(LC617945) 96.4 96.4/96.8 94.9/91.8 95.5/95.1 98.3/99.5 96.5/98.4
GVB-BIB-BR(MW357718) 78.7 77.6/90.5 72.5/69.4 79.3/84.1 82.7/92.4 87.9/91.9
—-(X75448) 75.8 75.2/83.4 67.5/61.2 76.2/81.0 81.6/91.9 83.7/87.8
Cultivated-TN1(MN716773)  77.2 77.3/88.5 71.0/68.8 74.1/79.1 78.3/87.3 83.6/84.7
20PRT01(MZ344593) 75.3 74.4/86.1 67.4/63.5 75.6/81.0 82.6/92.4 84.3/86.2
17VT16(MZ440728) 94.2 94.0/97.9 92.5/91.2 93.8/95.1 95.9/99.0 96.5/96.8
16GVP005(MZ440727) 75.3 74.9/85.8 65.6/57.6 73.7/75.4 79.2/90.4 86.3/88.7
12G435(MZ440725) 74.8 74.5/85.4 64.0/60.0 75.5/76.6 78.0/90.4 85.2/87.1
12G4133(MZ440724) 74.8 74.5/85.6 62.5/60.0 75.2/76.3 78.0/91.4 83.9/87.1
12G413(MZ440723) 75.3 74.6/85.6 65.8/60.6 75.2/77.6 79.5/91.4 86.6/88.7
TS_GVB (MT454065) 75.3 75.1/86.4 63.9/57.6 74.6/76.6 79.2/90.9 86.3/85.5
GVB 3138-01(JX513897) 75.0 74.8/85.7 63.7/59.4 75.4/76.9 78.0/90.9 85.2/87.1




1918 B 4 $39%
# 4 GVB Hohhot-2 5H A 22 4 GVB H EYIHRS S E8R—1*
Table 4 The nucleotide and amino acid identities of GVB Hohhot-2 and 22 other GVB isolates
- s RARp — UM ORF2 —HMk (% MP—#PE(% CP—#ME(Z  NABP —#ME(%
IR . o S B W A SRt S
Caoeession namber) homology/% RdRp identity ORF? identity MP identity CP identity NABP identity
nt/aa/% nt/aa/% nt/aa/% nt/aa/% nt/aa/%

8415(KY426923) 75.6 75.1/85.5 67.7/60.6 75.8/78.8 80.9/90.9 82.3/83.9
GVB-QMWH (KF700375) 78.3 77.6/89.7 71.6/68.8 77.8/82.2 81.4/91.9 86.3/87.1
ISA-BR(KX790785) 78.8 78.0/90.1 72.0/68.8 78.5/82.6 82.4/91.4 87.1/89.5

GVB 248(KX522545) 75.0 74.8/86.0 65.2/60.5 74.6/75.4 77.5/88.3 84.9/87.1

GVB 953-1(KJ524452) 74.8 74.1/84.7 65.9/59.4 75.0/77.3 79.7/89.8 83.1/85.5
—-(NC_003602) 75.8 75.2/83.1 68.1/61.8 75.9/79.1 80.7/90.9 82.9/85.4
94/971(EF583906) 75.6 75.2/85.8 64.1/59.4 76.8/77.6 79.0/90.6 84.1/86.3
GVB-H1(GU733707) 75.1 74.5/ 85.4 65.4/60.0 75.0/75.1 78.5/90.9 85.8/87.9
VD-102(MF991949) 75.2 74.5/ 85.4 65.1/60.0 76.0/77.6 79.5/90.4 85.2/83.9
12G455(MZ440726) 96.4 96.3/97.6 93.3/89.4 95.3/94.8 98.1/99.0 97.3/96.0
22(LC617945) 96.2 96.4/96.4 94.5/90.6 94.9/93.8 97.6/98.5 96.2/96.0
GVB-BIB-BR (MW357718) 78.4 77.5/90.2 72.0/68.8 78.5/83.2 82.1/91.4 87.1/89.5
—(X75448) 75.8 75.2/83.1 68.1/61.8 75.9/79.1 80.7/90.9 82.9/85.4
Cultivated-TN1(MN716773)  77.0 77.2/88.2 70.4/68.2 73.8/78.5 77.7/86.8 83.3/83.9
20PRT01(MZ344593) 753 74.5/85.8 67.8/63.5 75.1/79.4 81.6/91.4 84.0/85.4
17VT16(MZ440728) 94.0 93.8/97.5 92.2/90.6 93.5/94.4 95.6/99.0 96.2/94.4
16GVP005(MZ440727) 75.1 74.9/85.5 65.6/57.1 73.2/74.5 78.7/89.3 85.5/87.1
12G435(MZ440725) 74.8 74.4/85.1 64.4/59.4 75.5/75.7 77.2/89.3 84.4/85.5
12G4133(MZ440724) 74.7 74.4/85.2 62.9/59.4 75.3/75.7 77.3/90.4 83.1/85.5
12G413(MZ440723) 75.0 74.4/85.4 66.2/60.0 74.7/76.0 78.7/90.4 85.8/87.1

TS _GVB (MT454065) 75.1 74.9/86.1 64.1/57.6 74.5/76.0 79.2/89.8 85.5/85.5
GVB 3138-01(JX513897) 74.9 74.7/85.3 64.0/58.8 75.4/76.0 77.2/89.8 84.4/85.5

MZ440727 Canada )

MZ440723 Canada
GU733707 South Africa

——

EF583906 South Africa
MT454065 India
MF991949 Croatia

—

MZ440724 Canada
MZ440725 Canada
JX513897 USA

KX522545 South Africa

KJ524452 South Africa

MZ344593 Canada

KY426923 Canada
NC 003602 Italy
X75448 Italy

MN716773 USA
KX790785 Brazil
MW357718 Brazil
KF700375 China

MZ440728 Canada

LC617945 Japan

MZ440726 Canada

Al

@ GVB Hohhot-1
@ GVB Hohhot-2

DQ787959 South Africa

~— 11 Group I

= {11 Group II

3 BT 241 GVB £ KREREFFTIIZR RG LR
Fig.3 A phylogenetic tree based on complete genome of 24 GVB isolates
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24 GVBOEHMELENT

Al

i i RDP4 % 14 % 44 #5 GVB Hohhot- 1 Al
GVB Hohhot-2 7£ N A 3£ 24 4 GVB & K R4 ¢

MZ440727Canada
MZ440723 Canada
GU733707 South Africa
EF583906 South Africa
MF991949 Croatia
MZ440724Canada
MZ440725 Canada
JX513897 USA
MT454065 India
KX522545 South Africa
MN716773 USA
MZ344593 Canada
KJ524452 South Africa
KY426923 Canada

NC 003602 Italy
X75448 Italy
KF700375 China
MZ440728 Canada
LC617945 Japan
MZ440726 Canada

@ GVB Hohhot-1

@ GVB Hohhot-2
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— KX790785 Brazil ].
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Fig. 4 A phylogenetic tree based on CP genome of 24 GVB isolates

) it AT B 4 4 Bt , & RDP. GENECONV,
BOOTSCAN. MACCHI. CHIMAERA. SISCAN.
3SEQ 7 P 5 i 4E 24 26 GVB & K I K47 51+ 1y
WA ) 21 E 2 F A

3 W

A7 RT-PCR 75 1% 345 & RACE £ AR pk
RS T 2N GVB KR A . #% Har, fefRE
PANHRIE T 1/~ GVB H [E 4 B9 (1) 4 3 4 7 )
(K2, 1% BYIRIE T I T ™. A5 3k
FE24GVB W5 B 5 3 E Sk aE i b
g E MR N — 3, HY5 # 9E (EF583906.
GU733707) . 3£ [E (JX513897) Fll 3% A | (X75448) 4y
B —37 . @R 3 MK 4T LUE 1, ORF2 7E
AT RN B /KT 5 oA 7 BT 51— B i
1%, A8 F R i K5 1IX 5 Goszezynski™ #l Hu %57 1)
T 2E R — 3. 1B 24 4 GVB 4 E )1 CP 3 A
7 80— BUME Lk 4 SRR B CP 2 [R 3 S g 2L 8 1 771
B E RPN %45 85 Shi %67, Goszezynski™
Hu P45 R —5, (B2, KGR E ik 24
N GVB 7r B3 T 4 3L N 4L 51 5 CP & K 51 4y
SRR B — 2 2208, B E (KF700375) (14
Wy o N — 3 TRV R RS A R g o« 4,

GVB Hohhot-1 A1 GVB Hohhot-2 43 B4 5 ¥ T
R B (MZ440724) [ 55 R HAZ T R — S0
K (74.7%74.8%) , #) 5 N5 K5 B4 (MZ440726)
SR HAZ IR — B 5% 51 (96.5% 1+ 96.4%) 1 45 3
PA B R G 2 B 2 S KA R oy R B 1 2
VIFBUE B T GVB A B A 1 3s o A7 A

I W 8L O AR IE i GVB 43 25 W 3 R 4H 7 71t
X4 JRER I T R T 3 48 1) X 3, X A X 1) B R R
730 57 %0 B A8 Fh 2 TR A I 35 1) 22 S, T HLAE
Goszezynski® (B 5 1 i3 — B UE B T ORFS 4 5 1)
RNA 454 8 AR IR 5 X @ B R T A R AE T
B, XS B G o TR B AR R A E E R
s SRR B AL R — MR R, R
4O AN 85 B8 52 ) ) 0K 2 n s AR S T L A 2 K
TS 0 2 o T e B U AT, G
TE R B R R 1 R , A 2 5 800 22 10
AL IXH AT BE S GVB AR S (1 JE K o 17 L R A
BMERRZEESFHGVB IR RARERHE, X
VP2 AN [ [ 58 3 o B AN [R) 0 85 (1) 46 2R, DRI UG R
—3BIE T LR AW 7T GVB 3[R 4138 57 1 #8503 1, 45
B #2 HT HEmE F T 7325, LAUkAR GVB X 3K [ 6 4
b ) T 5 A R I 2 7 A R 5 K R

Davino "% ORFS K H A& #F B v 49531217 2



1920 3 i)

4

{4 #39%

REIRAIE , UE B GVB [¥] ORFS J& — AN T Bk i+, 11
W IR AN 4T, PR T LR ABIEFE GVB ORFS [
FERITER D e SO AT RE I FAR X S8, 0 T ARk
Ui, F PRI BRI s A7 AE B0 2 BT AL A, CE THE 5
TR R DR B A ) A S SRR SR - R B
(Apple chlorotic leaf spot virus , ACLSV) [ & 5l 8
P50, ¥ JN {€ M 9 & (Cucumber mosaic virus,
CMV) g i 1) 2b £ 1, 5% 82 ik 9 25 (Strawberry
vein band virus , SVBV)P6™ . 7 jiti M ¥& % 25 (Tomato
bushy stunt virus, TBSV) 4w i 1] p19™5%5 , [Al BEIR A
W 5T ORFS [ 25 K T BR D Re A B TR AN IR GVB
ORF5 KA 2 AP K B A B ], X fifé b7 25 3= 44
FUEE DNA 93 5 2 [6] 55 481 A0 s 77 A AL 3 35 HL A #

4 B

2/ GVB N5 7 B R 4 4 K457 7609 nt,
A 51 ORF, 522 /N CRkIEN GVB 7 B4 4 2L A
R — B 9 9N 74.9% ~ 96.5% Fl 74.8% ~
96.4% ,24 1~ GVB 7r ¥ 5: T 4 3L R 4 7 41 5 CP
FEDR e 0 R S (R AR 43 ) 4 1 2 AN 4 21, 5 Im &=
KB CE 55 - MZ4A40726) ISR 5% R Il , 78
24/~ GVB &K EFA T A L EHFH, KB
NI E GVB 7 A7 s BE AL R DL S5 4T i
Y v FEBEE | — i Bl
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