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 E: WEEH M E 7 (grapevine leafroll-associated virus 7, GLRaV-7) & 5% %) 4 M #H <

1T R 2 — o B E GLRaV-7 7 BB 7548 5, KA RT-PCR JjiERREH 1 EH 15 M
(). BIRXM 188 (B A FE M TAR M, K 3N 24.5% (44/188). X KIET 42 4~ GLRaV-7 43 B4

47 EE (coat protein, CP) 1 15 MBI E H 70 (heat-shock protein 70, HSP70) H:[X ik
Tl WF. A RER, SRIETE NN GLRaV-7 2> ¥R CP Il HSP70 2[5 % H R fl & 3%
F& P 5 [R5 43 7304 89.12% ~ 100.00%F11 88.94% ~ 100.00%- 85.33% ~ 100.00%F1 88.97% ~ 100.00%. %
T CP M1 HSP70 3 A FF M I BELL A, 73 11K GLRaV-7 73 4% 73~ 6 A 5 AN 5 X 43 IR 4 . Gp3
Gp4 1 Gp5 AX H1H [ 4y B2 R AHIT 5T I3 4 Bl N A GLRaV-7 23 B4 1) CP A1 HSP70 £ 7 4148
5, BT E GLRaV-7 4 F A BT & S A IR 2R Fh (0 3507 PR A3 LA
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Detection and Sequence Analyses of Grapevine Leafroll-associated Virus 7
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Abstract: Grapevine leafroll disease (GLD) is a virus disease widely distributed in the world and
causes great damage on grapevine. Grapevine leafroll-associated virus 7 (GLRaV-7) is one of its
pathogens. To investigate the genetic variation of GLRaV-7 isolates, 42 positive samples were screened out
by reverse transcription-PCR (RT-PCR) from 188 grapevine samples which were collected from 15
Chinese provinces and regions. The detection rate of GLRaV-7 was 24.5%. The coat protein (CP) genes of
42 isolates and heat-shock protein 70 (HSP70) genes of 15 isolates were sequenced and analyzed
respectively, and the results showed identities ranging 89.12% - 100.00% and 88.94% - 100.00%, 85.33% -
100.00% and 88.97% — 100.00% at the nucleotide and amino acid sequences respectively. Phylogenetic
analysis of CP and HSP70 gene sequences showed that all of GLRaV-7 isolates can be divided into six and
five groups, respectively. Gp3, Gp4 and GpS5 only included GLRaV-7 Chinese isolates obtained in this study.
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This is the first report on the genetic variation of CP and HSP70 genes of GLRaV-7 isolates in China, and
this study will be helpful for pathogenicity studies and development of reliable diagnostic methods.
Keywords: grapevine; grapevine leafroll-associated virus 7; RT-PCR detection; CP gene; HSP70

gene; phylogenetic analysis

HWEET R LTz, SAFEMERN PR AR RN, AR EC L &) T T B
i BEA% (Lee & Martin, 2009; Atallah etal., 2012; Martelli, 2014). 5% AH 5% /7% % % AH 5%
Jii#F (grapevine leafroll-associated virus, GLRaV) # 6 f#, Bl GLRaV-1. GLRaV-2. GLRaV-3 (FE
A S, 2011; JofBA %%, 2012). GLRaV-4 (fi$% GLRaV-5. GLRaV-6. GLRaV-9. GLRaV-Pr
A1 GLRaV-Car 28 JLM4E/). GLRaV-7 Al GLRaV-13 (Martelli et al., 2012; Ito & Nakaune, 2016).
GLRaV )& T K&AVYHREFRL (Closteroviridae), A, GLRaV-1. GLRaV-3. GLRaV-4. GLRaV-13
BT HIE T EE (Ampelovirus), GLRaV-2 J& TKLMNEEE (Closterovirus), GLRaV-7 J&T
W SL ) Velarivirus J& (Al Rwahnih et al., 2012a).

GLRaV-7 I 5T 1996 FMFI/REJE NV 1 ARICHEIR B 5 Eo R 461 46 it A o e A B, 38 B e
Lx GREIR L, WES REBR ENRTERMIETRER (Choueirietal., 1996). Z JE#
EE., . QT FE 10 ZANEFAHEIRIE (Al Rwahnih etal., 2012b; Lyuetal., 2013). HFf,
% 3% GenBank H(4 FE AA 2 A~ GLRaV-7 7 B A KIEFH, RIF/REJE 55 54 AA42 FiisE
[ 7> 254 Swi, HIEERH A KN 16404 nt, B 9 N EHE (Jelkmann et al., 2012). FRIFEKZH
2KJPHI5L, GenBank 8% ¢ GLRaV-7 1T HIEE N CP. HSP70 % 61-kDa (p61) “51))
RESEH )P 51 o 5T GLRaV-7 Ak B de i R WARTE « A 0T 7038 I 20 5 nlil il S 22 e R B R AR
4 F (Mikona & Jelkmann, 2010).

WA B A R P S AR S, A R T HL A I 7 v B S AN TR AR A B BOm I 7T . HATOS T
GLRaV-7 " [E 4 S YIS RESRE R CP Al HSP70 FIFERAR S AR WARIE . Rk, xkREFE 15 M

(TH). HIRIX Y 188 PR # KL AT T GLRaV-7 #&l, FXFRIEF 42 4~ GLRaV-7 1 [E 55411
CP F1 HSP70 W& 7 5148 34T 17 40 A, DA — 00 Fe v [l GLRaV-7 AN[E] 4 54 1) 43 - far il
AU VT TSR AR o

1 FRS T

L1 #H

2012—2015 FE A 15 A48 (D AR XBENURIE I ERIRE % 188 47, #EREET 4 C
UKFEORAT o TR MR & AP RE R 73, B35 128 WA & (Vitis vinifera L)+ 19 i EREME & (V.
vinifera x V. labrusca)~ 14 43 \LWRKE %] (V. vinifera x V. amurensis)~ 11 43 FEYNFIE %) (Vitis labrusca
1 s % (V. davidii) Je 15 3y ANTE PSS Y )  ETRE i o F I8 %) & 70 o 88 M i i
76 ANERIPG SRR 11T ANMEA AR S 13 A AT Sl

1.2 3|4

4 GenBank CVRIE ] GLRaV-7 43 B 41F) CP F1 HSP70 JER (AR SF F 41, 4r it T3 3%
GLRaV-7 ] CP 1 HSP70 £ [H 1] PCR FIE K PCR (nPCR) 5|4 (£ 1). Hr, 514 L7CP-F/R
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L7HSP-F/R 43 % T GLRaV-7 7+ B4 CP 1 HSP70 L /7 51 ff) 3 ¥ PCR ¥4, 5|4 L7CPn-F/R Fl
L7HSPn-F/R H %8 2 % A5 PCR ¥ 1.

%1 FT GLRaV-7 4% PCR 188 PCR FE PCR 39
Table 1 Primers used for the PCR F1 nPCR amplification of GLRaV-7

P e 78 (5~ 3D PR N op
Genomic region Primer Sequences Size
CP L7CP F: GGRAATAGGWCRCAAAGTGAA; R: CTCYTRTTYAATGTRCGTCC 844
L7CPn F: GAATTACACCGAGAAGTCTG; R: TGTTGCCGCAAGTTGAGAAGT 709
HSP70 L7HSP F: GGGTTTGATTTTGGTACTACTTTTA; R: ACCACCTCCTTGTAAGCT 450
L7HSPn F: GAATTAAATATGAACGGATCAC; R: CCTTCAAGAGAGATTTCTGATA 409

1.3 & RNA #2HlK RT-PCR

& RNA SRECE A RRBUTE GEEAR %, 2014), REFE 1.5 mL K@ B OE H T, K
UMK HE 4K 7.0 uLy 50 pmmol - L™ 6 BRFEFEHLEI A (5-NNNNNN-3', E#AET) 1.0 pL, &
RNA 2.0 pL, B0IE%E], 95C/K# 5 min, UK LEE 2 min; A 5x M-MLV buffer 5.0 uL. 10
mmol - L dNTPs 1.5 pL. 200 U - mL" M-MLV 44558 0.8 uL. K#4E/K 2.7 uL, 37 ‘C 10 min,
42 °C 50 min, 70 ‘C 5 min. & cDNA LRI T PCR G E#K - 20 “CUKFELRLT

W PCR SNAK £ A 25 uL, & 10x Tag DNA BABFZM 2.5 L. 10 mmol - L™ dNTPs 0.5 pL.
10 mmol - L 5|#1% 0.5 uL 5U - mL"'Taqg B 0.5 pL. K cDNA 2.5 uL. K#4li/K 18 uL. PCR X
NAEFHN: 95 C S5min; 95 C 40s, 55 °C 45s, 72 C 1 min, {E¥ 35%; 72 C 7min; 4 C
ik, I PCR LA 1 & PCR 724 10 MBI ER, RIAA R & PCR F2F 3R AA I, L
U E I IR ECA 30 IR
1.4 PCR =&, NF

PCR #1315 1) DNA B BCR FH B Mt i afi A [k n) . (b S S AE MR A IR A =D
HEAT RS ZiiAr . BY 4 uL 4lifk DNA 5% 75 5 TOPO TA it Hl & (b s SR AR AT
H i) 10x Enhancer buffer 0.5 uL fl pTOPO-T # 4k 0.5 pL V&%), =IHIEHE S min 5, FEAKIITH
DHS5a B2 5410, HEGRA TSR TEERN LB BRI L, MET 37 CHRIRFMEREFLM. B
WA v B B Y AT BB 77, JFi@id PCR S @ SRS PHIE R A TR, &1 GLRaV-7 73 B4 /b ik
3 ANBH P 11 B 2L OR%8 b 5 SR R DR 2L S PR o AT I

1.5 FHI53Hh

K HITELL T H ClustalW2 program Chttp: //www.ebi.ac.uk/Tools/msa/clustalw2/) X 3R1S 1] 70 F )7
FIHEAT FEPEEERS o A0SR T [ —FE S A 3 ANMOL IR B 7 A R = 98%, MIA N2 —EK )
A, AHFEA T ANETRREF A T 24 3 NOL RS 7 A RIE T < 98%, W% 2 1
Tl AT SR S0 Hr . SR MEGAG6.0 ¥4 (Tamura et al., 2013) [#) Neighbor-joining 75725 A
FLH IR & GenBank CLRIEN) HSP70 A1 CP J:[ /7 41 73 A6 it R e idb At o % FH B 20 2 A i A
RDP3.0 (Martin et al., 2010) X GLRaV-7 73 B4 HSP70 Al CP % [A] /¥ 41 op ] REA7 /£ ) B 41 1 itk
17538
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2 RS0

2.1 RT-PCR #:M

K514 L7CP-F/R F1 LTHSP-F/R X} 188 M &) £ i iE47 1 # RT-PCR #xill, 514 L7CP-F/R
o 2 5H 5.3% (10/188), 514 LTHSP-F/R A2 BH A & o SR 514 L7CPn-L/R 1 L7THSPn-F/R
X HFEAT 55 2 56 B PCR K, 46 H 243 1A 23.4%(44/188) F1 8.5%( 16/188) o 5K FH 514 LTHSPn-F/R
KA BEPERIRE S, 514 L7CPn-F/R AT Rl B o SR AR LL 5] )06 188 A1 25 B i s A HE 2
N 23.4%

6 NME (). HIEXIFESMANH GLRaV-7, BHEMIL (50%, 4/8). #HiiE (46.2%, 6/13).
RE (33.3%, 2/6) LT (28.7%, 25/87)+ L7 (21.1%, 8/38) AL (6.3%, 1/16); TH. L
W TV BN EE. B TTVEL DU R R A R R AT RE L P OR AR 21 GLRaV-7. SEPHAE
GLRaV-7 % m, N 36.7%, FHUCHMKEMEE (26.3%). KM (25.8%) FlLEKH %]
(7.1%) o i ARHIRE 28R, 9 36.4%, £ 58] 25 RN BRI 58 40 Rl 22 20 5104 30.7%F0 18.4%.

2.2 MP # CP EEAFFHR

Xf PCR =yt AT RIS SefE Sy, BrEseRE NS ERTE = 98%1)F 4, LIRS RIET 42
A~ GLRaV-7 73 B4 1) CP B 7410 45 %, JoRIET 15 4~ GLRaV-7 73 BS4)11 HSP70 &7 %1 16
%o o+, LN-SDHN2 fil LN-ZF 2 E )1 CP K v b 2 8] &% LN-ZSX 43 B4 N I HSP70 & [K 7r
W 2 [AAAAE RIRTE < 98%MIF 41 XL T4 458 2 GenBank ##EF, HxERBINE 2. KRG
A5 CARIE W7 AT IR LR, CPJE R 7 41 () % 1 R A = R TR RIS M 20 0 R 89.12% ~
100.00%7H11 88.94% ~ 100.00%, HSP70 J:[K 751 ()43 714 85.33% ~ 100.00%H1 88.97% ~ 100.00% .

F*2 AFARPIREH GLRaV-7 FBPIER
Table 2 Details of GLRaV-7 isolates generated and analyzed in this study

S/ FEih RS X GenBank &3t 5
Location Sample Isolate ID Genomic region GenBank accession number
1t 3T Beijing i EE Cabernet Franc BJ-CaF CP KT306553
¥4t Heibei [ 1§ Kyoho HB- Kyohol CP KT306560
HB- Kyoho2 CP KT306561
2% Marselen HB- MSL CP KT306562
HB-MSL2 CP KT306563
iT'3* Liaoning Bl /K S F B Aerman Meigui LN-AEMMG CP, HSP70 KT306566, KT306603
JUA Beda LN-BDI CP KT306567
LN-BD2 CP KT306568
LN-BD3 CP KT306569
[ %£7% Baisenie LN-BSN CP KT306570
A FLY) Baiwashaka LN-BWSK CP, HSP70 KT306571, KT306604
P15 Guibao LN-GB1 CP KT306572
LN-GB2 CP KT306573
217} Hongdan LN-HD CP KT306574
B%¥1 Hupo LN-HP CP KT306575
4T Lizixiang LN-LZX CP KT306576
A0 Niuxin LN-NX CP KT306577
544 2 2 Qiaobao 2 LN-QB2 CP, HSP70 KT306578, KT306605
FK# Qiumi LN-QM CP KT306579
T Qiuwuhe LN-QWHI1 CP, HSP70 KT306580, KT306606
LN-QWH2 CP, HSP70 KT306581, KT306607

%14 JE Santos Hani LN-SDHNI CP, HSP70 KT306582, KT306608




WA, HAER, KO, R, WIEE, kB % OR
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Bk 2
He U FE il LY R PR IX 4 GenBank 3% 5
Location Sample Isolate ID Genomic region GenBank accession number
LN-SDHN2 CP, HSP70 KT306583 ~ 84, KT306609
15 %% 50 5 B Uzbekistan Rose LN-WZBKMG  CP KT306585
K% Zifeng LN-ZF CP KT306586 ~ 88
EHEOE Zhaosexiang LN-ZSX CP, HSP70 KT306589, KT306611 ~12
102459 LN-102495 CP, HSP70 KT306590, KT306613
228 LN-228 CP, HSP70 KT306591, KT306610
IR Shandong JLVK4T Beibinghong SD-BBH CP KT306592
5t N7 Ttalian Riesling SD-GRXS5 CP KT306593
SD-GRX1 CP KT306594
SD-GRX2 CP KT306595
SD-GRX3 CP KT306596
SD-GRX4 CP KT306597
K Tianjin FR#EEk Caberbet Sauvignon TJ-CaS CP KT306565
5t A7 Italian Riesling TJ-GRX CP KT306564
F1i# Xinjiang T ¥ A% Jot% Crimson Seedless XJ-KRS CP, HSP70 KT306559, KT306602
JEA% 19 Thompson Seedless XJ-WHBI CP, HSP70 KT306558, KT306601
XJ-WHB2 CP KT306554
XJ-WHB3 CP, HSP70 KT306555, KT306598
XJ-WHB4 CP, HSP70 KT306556, KT306599
XJ-WHBS CP, HSP70 KT306557, KT306600

/e F Datamonkey # {4 Chttp: //www.datamonkey.org/) H1[1'] SBP (single breakpoint scanning)
1 GARD (genetic algorithm recombination) J5 %X} T GLRaV-7 4 ES¥11¥) CP F1 HSP70 3[R #%
B 7 43T WA B S oA, 25 KRB CP R 74 h A S 240 F 41, HSP70 K74 L HE A H
R AE (B SRARFIHD o [FIR, R B H 54T 54 RDP V.4.22 X CP 5 [8)F 51 1) B 20 FH A 34T 4
g5 R B LN-ZF clone 9 N 1 NMEAFH (6 FhEA ST LR, EMPNEAR 5N Gp2 11
LN-QWHI1 #1 Gp3 H ] LN-228 (% 3),

#£ 3 GLRaV-7 954 LN-ZF CP ZEEFINELEFE ST

Table 3 Putative intragenic recombination events in CP gene sequences of GLRaV-7

HEHFH SEAFF (major x min) XS _

F7 ARAEF (major > min st TSI P

Recombinant Parental Breakpoints .

. RDP-implemented method P value

Sequences sequences (begin-end )

LN-ZF clone 9 LN-228 x LN-QWHI 59 ~415 GeneConv 4.885 x 107
Bootscan 3.031 x 1077
MaxChi 8.660 x 107
CHIMAERA 2.498 x 1077
SiScan 1.422 x 10777
3SEQ 1.471 x 107

2.3 H R

B AW FR1E 10 CP A1 HSP70 3£ [K 741 5 GenBank T8 584 B #(1) CP Al HSP70 % [K 7 1] —
AT R T, 458 (B 1D BoRMER CP EFN RGN GLRaV-7 7Bk H 6
ANHAE, HSP70 JEF ARG GLRaV-7 7 @K 5r K 5 AN B . B4 LN-ZF clone 9 7£ CP it
PR T — DAL (B 1) BT LN-ZF clone 9. HAZEY Ru. T EIT 0 B9
GLRaV-7-Afg FIEF| 73 B4 C1-3473 1EAUM b R 5 HARL S SV RAE—#E, B, B AR HFEAT
534, CP I HSP70 AW 73t s, B B 70 g R v 21 5 AN BE R, 2038 Gpl F1 Gp2
P E > EIES, Gp3. Gp4 il Gps (WA ESEY, BT,
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LN-LZX
XJ-KRS
LN-BSN
Beida3

90| HB-Kyohol
SD-BBH
LN-BD1

r XJ-WHB1

- HB-Kyoho2
L HB-MSL
XJ-WHB3
XJ-WHB2

r LN-BD2 Gpl

72

100 L SD-GRX5

t LN-WZBKMG
F XJ-WHB4
{ SD-GRX3
LN-SDHN?2 clone3

L— AA42 HE588185 Albania
r LN-NX
t LN-ZF clonel
| LN-QB2
I TI-GRX
r LN-QWH1

LN-ZSX

LN-SDHN1
LN-GB2

LN-HD
a o1 LN-QM
TJ-CaS

LN-QWH2
XJ-WHBS
99| JF268248 GLRaV-7-CA5 USA
Swi JIN383343 USA
LN-AEMMG
GLRaV-7-CA2 JF268244 USA
GLRaV-7-CA3 JF268245 USA
JF268243 GLRaV-7-CAl1 USA

85

100

A LN-ZF clone9

100 LN-228
LN-ZF cloned
LN-102495

0.01

Gp6

Gp2

100, LN-GB1
LN-BWSK Gp3
Ru AB720876 Japan
LN-SDHN2 clone5 | Gp4

GLRaV-7-Afg JF268242 Afghanistan

Gp3

HB-1 JX494723 China

HB3 KF620580 China
HB2 KF620579 China

HB35 KF620581 China

NX1 KF620582 China

HB4 KF620578 China
3 GQ849393LS-27 China
LS-15 GQ849392 China

89

LN-QB2
70| 98| LN-QWH1
LN-ZSX clone7
LN-QWH2
og XJ3 KF620583 China
4( XJ-11X494722 China
99 - LN-AEMMG
Swi IN383343 USA
Cl1-3473 EU334662 Chile
AA42 HE588185 Albania
VAA42 Y15987 Italy
o8 XJ-WHB3
10-7 JF927943 China
XJ-WHB4
06 XJ2 KF620584 China
75| XJ-WHB1
XJ-KRS
Ru AB720876 Japan
———— LN-BWSK | Gp5
LN-SDHN2

100
70| LN-ZSX clone4 | Gp4
LN-SDHN1

LN-228
100
CHNS1 EF093187 China
LN-102495

i
0.01

1 GLRaV-7 &4 CP £E (a) #1 HSP70 (b) EEMZEHRETINFLRISHT
GenBank CVE K1 FHE R BoR A0 B4 F. TGS KR, R R AT p &
CEMSEBEN 1000, 70%LLFHER TR,

Fig. 1 Phylogenetic analyses of GLRaV-7 isolates based on nucleotide sequences of the coat protein genes (a)

and heat-shock protein 70 genes (b)

- XJ-WHBS Gp2

Gp3

The sequences available from GenBank are identified by their isolate names, followed by their GenBank accession numbers and source. The trees

were constructed using the Neighbor-joining method. The numbers at the nodes indicate bootstrap support (1 000 replicates) .

e

HRT, SRR R0 £ DI AT, A B 8] BE AR R S i e 7 WA 2 H

Values below 70% are not shown.
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Vit P FEA I AE R TR B 5 R P A (BRAETE 25, 2020; BEEE 4%, 2020; Shietal.,
2020; DU AE, 2021: BRFE S5, 2021 AHFSE O R B A E AN ] XA [F] ST 188 40 AT RE
a7 7 GLRaV-7 fill, FHoH##l RT-PCR Al & A ERAR . — 5 v] &2 GLRaV-7 1E i % fH Pk
AR EmIE, FEHEME RT-PCR FERMERN H s A— Aol feh TR K512 5 T A R
[¥) GLRaV-7 7 BT 5, ARGy hae iz, M SEd kM. KA H A PCR 77k
37 GLRaV-7 (A, $ 163545 7 kIET 42 4~ GLRaV-7 70 401 CP FE A A 15 4~ GLRaV-7 73 &
Y1) HSP70 K 551, BH#f T GLRaV-7 4354 CP Fl HSP70 J: K48 4 v, oGl 1 2 f i
RATR T H:Aih

JEHTHE AL E0 GLRaV-7 1) p6l IR AT T RGN b, HEREHHER GLRav-7
EYET 3 ANHEBET 2 (Lyu et al., 2014). HAi GenBank b V%S¢ [E 4t GLRaV-7 [ CP
BRI FD HSP70 ZE R P 3= B W 2 T Pol Br LR P41, BN EERHN 5 28 K stk Z Rk
I ARKYE CP KA HSP70 &K 7 21148 S fi ok kil 43, DAtk & CP Al HSP70 JE PR (st A% 2 FF 14
(1943 BT B8 REAXTHI T fif GLRaV-7 I AAAR B . A FL 5 T CP A HSP70 JE A (1) R Ge gk A0 43 4
SiRWEKW, PEMSEDRT S NMHEX AR, HA, Gp3. Gp4 fl GPS AVEEHE S EY,
53 IR WEAISE R B R — 28 GLRaV-7 20 54, Eefn CP 3R RS AL M i H A 7 B8
) Ru Al [E 4> 254 LN-SDHN2, PLJz HSP70 J: K R4t AL o i) LN-BWSK, 437l ¥ i Bt — 1)k
s, XFRFEF GLRaV-7 73 BB A NS AR ) 3L R e A fE 2060, Ak, @k EA 5
Mrig B, Ho 1 MEFRF S (LN-ZF clone9) N CP RN EMIFH . A RIMERFEE T
GLRaV-7 MIFER LR, Nik—B 478 GLRaV-7 43 24 4% HEACHRS i B R [ 28 b i S5095 T AF 7T
Pt Tk

AT R GLRaV-7 [ 4850 B 401 CP A1 HSP70 FE K48 57 & KRGt AL 3E4T T 20 W, B A
rh [R5 53 ) A GLRaV-7 70 FAR R, ORI 3 ASHTAE R, X8 F—2 GLRaV-7 AR5k
S5 TR IR B0 1 2= R TR TSR A i
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