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Small RNA sequencing and RT-PCR detection of viruses infecting ‘ Shine Muscat’
grapevines FAN Xu-dong, DONG Ya-feng*, ZHANG Zun-ping, ZHANG Meng-yan, REN Fang, HU

Guo-jun  ( National Center for Eliminating Viruses from Deciduous Fruit Trees, Research Institute of Pomology, Chinese
Academy of Agriculture Sciences, Xingcheng 125100, China)

Abstract: ‘Shine-Muscat’ grapevine is a new introduced cultivar in China. To identify the related viruses with
the ‘Shine-Muscat’ grapevine virus disease, we adopted small RNA sequencing to detect the viruses in the
asymptomatic and symptomatic ‘ Shine-Muscat’ grapevine samples. Results showed that the presence of eight
viruses in the symptomatic ‘ Shine-Muscat’ grapevine including Grapevine fabavirus ( GFabV) and Grapevine
Pinot gris virus (GPGV), and only three viruses in the asymptomatic grapevine. Forty-six ‘Shine-Muscat’ gra-
pevine samples were tested for 14 viruses by RT-PCR, and the results showed that these samples had high virus
detection rate, and mixed-infection of multiple viruses was common. Grapevine fabavirus ( GFabV) was only
found in the symptomatic samples with a detection rate of 88.2%. There was a higher incidence of GPGV and
Grapevine berry inner necrosis virus ( GINV) (64.7% and 29.4%) in symptomatic samples than that in
asymptomatic samples (13.8% and 10.3% ). This study identified the species and infection status of viruses in
¢ Shine-Muscat’ grapevines, and provides the theoretical basis for the control of ¢ Shine-Muscat’ grapevine virus
disease by sanitary treatments for propagation materials.
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* BHYGECER ( Shine-Muscat ) 4 28 2 H 7S & 28 5
PIRRABI 5T T 7 A fh AR AL SE | 5
B Iz ARG RS2 TR EER AT 2 1Y
Bk MOGBOR WA E ) A R
R R AR /N HREREEEL | WY SR B AR

S LS R R T W PGB A A
S BRI 0 I S G 3 1) N dE AN A e JE e

“H P V1% 46 2 o i PR A T 0 (Tl TR i 92 T
B R S 2 i 3R A i o S g ) I BB S 2 R
FRE R, N AESE e R e 0
WU H A AT A A AE & v AR R 53—, X E R
ARG BE Y BEAG &G L SR FH/IN RNA T
AT EELEE , R R A P IR P AE7E RNA UT
BRAL , plos TR A= L AR ) 20 2 7 A R Y T
TR/ RNA 737, 3% 26/ RNA 7 41 A B
T, RE IR PR 40 305 25 i JE DX 40, AT 2 30 Fn 4
EHAHEREEES . /N RNA I F 7R Y00 75 5
J5 TR P RAEL 2R AL AR A R Y
P S L R T E AR, a0 A K R A
R 4 %5 Ik B % B ( Grapevine vein clearing virus,
GVCV) 5[ E M 7= AR ak B2 19 K L
%% 5 ( Grapevine Pinot gris virus, GPGV) 5|
A 20 ke Y A A 40 AH % 9% B ( Grapevine
redleaf-assoicated virus, GRLaV ) ¥ 2l i iZ AR
SRR RO S A 2 B I AR R A
FESLIEAT /N RNA WU, 3046 268 0 S SR L 96 2
( Grapevine berry inner necrosis virus, GINV ) Fl1%%]
7% IR BE 1% B ( Grapevine fabavirus, GFabV ) 54iF
REABYIRAE " ST IRY B 14 ¢ BHOGEL
TR R P v ) SR o AR DL ARG

WA BHOGECER 0 B0 AH DG R #E AP 2K
AMFFER A1/ RNA I 52 AR X6 3 B4 IR 1 JCAE
RO BROGECHL 7% B 5 A7 1 508, B IS R
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BEOE W K /NiE (1) . 2016-2017 4F, HTIT
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Fig. 1 The symptom on the leaves of ‘Shine-

Muscat’ grapevine

1.2 FHik

1.2.1 /s RNA W AZ 547 O BRE FUICHE 1 < BH
SCECER m A T kis 2O E I AR YR
H B A, Z=FEHA A Nlumina HisSeqTM 2000 5
W S A HEAT /N RNA BRI, 3045 5 8 50
PaJa BB /INVT 18 nt BOR T 30 nt AR R
A 375 4523k il ployA 5§ ployN /)y RNA J747)
KN RNA 133k 7 9 L da, 3045 2o 08 5 19 £icdis
(clean data) , KJH Velvet #f4" % clean data 1
/N RNA #FA7 PR | 150 Ay K B2 (hash_length ) {H
J17, ¥PHERR EIE BB (contigs) J¥ 415 NCBI
Do 3l 4 14 0 2 2 25 B8 P22 (ftp ./ /ftp. nebi. nlm.
nih. gov/refseq/release/viral/) #F 17 4% Hi blastn Fl
blastx , P15 2 (1947 54 contigs J751

1.2.2 RNA ##R AR 3 F RS0y
WU HEAT L RNA 4RI, R SEAE 1.5 mL K
B T HHT AR IMACKE K 7.0 wL 50 pmol
LBEHLE] 4 (NNNNNN) (B2 T A8 T A3
RIS A FEH)1.0 pL, i RNA 2.0 pL, 5008
%1,95C K 5 min, vK L E 2 min; A 5 x
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M-MLV buffer 5.0 wL .10 mmol-L"'dNTPs 1.5 pL
200 U-mL" M-MLV ¥ 5% 5 i} 0.8 pL K & 4fiK
2.7 wL,37C10 min,42C 50 min,70C 5 min, &
B cDNA 7 B F§ T PCR 4" 4 a5 & T-20°C vk 46
RAF

1.2.3 Wi FakEm #Fmén  RHH RT-PCR
Jrt 46 A< BAOGCECEL 4G A S 2R TR BE A
o D9 2 A 2 A A 26 45 AR OGS B 1~ 4,7 ( Grape-

vine leafrool-associated virus 1~4 -7, GLRaV-1~

4 .-7) Fi%j#5 7 A (Grapevine virus A, GVA) i
%j9% 5 B ( Grapevine virus B, GVB) % %4jJ5 5 E
( Grapevine virus E, GVE) | V> 3 7 % 25 15 9% 75
( Grapevine rupestris stem pitting-associated virus,
GRSPaV) i %] B 1 %% B ( Grapevine fleck virus,
GFKV) | #j %] B M- %% 7 ( Grapevine fanleaf virus,
GFLV) .GPGV \GINV #il GFabV 3t 14 #1, PCR £
M5 %y e J7 ik W2 1, PCR 7 4% 335 A M A1 BH
X R

Table 1 Primers used for RT-PCR detection of main viruses of grapevine

Viruses Primers Sequences (5'- 3") Product/bp References

GLRaV-1 LIHSP-L CCGGCKGAGTATAAYTCGT 488 [13]
L1HSP-R CGAAGATYTTRATCGCTC

GLRaV-2 L2HSPL GGTGATAACCGACGCCTCTA 597 [14]
L2HSPR CCTAGCTGACGCAGATTGCT

GLRaV-3 LC1 CGCTAGGGCTGTGGAAGTATT 546 [15]
LC2 GTTGTCCCGGGTACCAGATAT

GLRaV-4 LAF1 ACATTCTCCACCTTGTGCTTTT 319 [16]
LAR1 CATACAAGCGAGTGCAATTAC

GLRaV-7 L7F TATATCCCAACGGAGATGGC 502 [17]
L7R ATGTTCCTCCACCAAAATCG

GRSPaV RSP52 TGAAGGCTTTAGGGGTTAG 905 [18]
RSP53 CTTAACCCAGCCTTGAAAT

GVA GVA5 CCAGAGGAGTTTGAGACAATA 195 [19]
GVAG6 GTCCCGACCAAGGCGATGTACCC

GVB GVBh ATCAGCAAACACGCTTGAACCG 460 [20]
GVBc GTGCTAAGAACGTCTTCACAGC

GVE GVEMPI TGTGGGGTGCATAGTCATAGGTTT 478 [21]
GVEMP2 GCTTTTGACTCCATTGGCTTTCTC

GFLV FL-MPIA TCNACCAGAGCCAATTACAC 675 [22]
FL-MP1B GTGARCGRCTYCTRATAGAG
FL-MPnlA AGGCTYAATGGTATWCCGAC 546
FL-MPn1B KCKTGCYTCAGGVGTTCCAG

GFkV GFkV-L630 GGCCAGGTTGTAGTCGGTGTTGTC 352 [23]
GFkV-U279 TGGTCCTCGGCCCAGTGAAAAAGTA

GPGV GPGVCP1A TGAGATCAACAGTCAGGAGAG 544 [24]
GPGVCP1B GAAGCCGTGATAGCATTAGTC

GINV GBINMP1A WMGKGTTTCTGGGAAGATTGC 968 [25]
GBINMP1B KACSAGATCCCTCAATTCCTG

GFabV NODEla GGAAATAACATTCCCAGGAAG 325 [10]

NODElb

TCCTGCTGTCAAATTTCATTC
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2.1 /NRNA B R 5

X/ RNA W5 5586 2647 53 B, 235 5 TG AE IR
FUELAE Y © FHOGECE #8315 19/ RNA S 400
Hh 20 518 812 Fil 17 216 628, 13t g )5 23 B 315
17 212 241F1 14 109 655 F¥J clean reads, 5 /)» RNA
BB 83.89% A1 81.95% , /) RNAs LA 21 nt 1 24
nt MEZ, HK K 22 nt, 23 nt 1 25 nt,

2.2 /NRNA BHERER

K Velvet #4338 19/ RNA 47988,
K PHEAS B contigs 751590 7 2 % $idh 1
(R 7 25 (R e A1 R A7 X, 5 SR 2 B . JC IR A
FE ST AETE GLRaV-3 GRSPaV #l GFKV 3 F#j%j
ST 5 W OAE 5 4G KR & b A7 7F GLRaV-3, GRSPaV |
GFkV .GVA .GVB ,GVE .GPGV Hl GFabV 8 Fii #ij
EIREE (2 2) , PHES S EE 5 7 51 269w 75 2 A

BN B8 55 R E 1K 72.8% ~ 100% , [ 1 N
88.14% ~100% .,
2.3 wEKRN

TE 17 DRIEER A BHCECR SR
I %] GLRaV-2, GLRaV-3, GLRaV-4., GRSPaV .
GVA .GVB ,GVE  GFkV . GINV . GPGV #l GFabV
K KRN 5.9% 35.3%,17.6% .58.8% .52.9% .
17.6% .29.4% A7.1% 29.4% 64.7% 1 88.2% ., 1E 29
ANJCAE 7 %8 A P, K2 3] GLRaV-2, GLRaV-3,
GLRaV-4 .GRSPaV .GVA .GVB ,GVE ,GFkV ,GINV
1 GPGV K 53518 6.9% 62.1% 3.4% 20.7% .
31.0% . 27. 6% . 65. 5% . 27. 6% . 10. 3% F 13. 8%,
GFabV (A SAE Y ¢ FHOGECEE f7G EAS I 2] 46
4 88.2%, B GFabV 4b, 78 S AE FICAE ¢ BHOYGEL
B A AGRE G A B AR R 1H GINV Al
GPGV TESAEFE i v 1A 1 22.(29.4% F 64.7% ) W]
B T ICRERE S (10.3%F1 13.8%) (£ 3) .

Table 2 BLAST analysis of contigs with reference from NCBI

Asymptomatic sample

Symptomatic sample

Reference Reference
) Consensus Coverage ) Consensus Coverage
sequence length/bp Contigs Contigs
length/bp /% length/bp /%
GLRaV-3
18 498 11 18 485 99.90 31 18 166 98.20
(GQ352631)
GRSPaV
8 744 65 7975 91.20 49 7 803 89.30
(AY368590)
GFkV
7 564 57 6 846 90.50 60 6 901 91.20
( AJ309022)
GFabV RNA1
5 802 0 0 0 4 5 785 99.70
(KX241484)
GFabV RNA2
3134 0 0 0 6 3 052 97.40
(KX241485)
GPGV
7275 0 0 0 26 6 673 91.70
( FR877530)
GVE
7 568 0 0 0 13 7 400 97.80
(GU903012)
GVA
780 0 0 0 10 568 72.80
(HQ671648)
GVB
722 0 0 0 2 722 100

(KC861198)




6 1] JEIBZR, 45 ¢ FDGCECEL AR 15 /)y RNA JIIFF 48 5E & RT-PCR Al 753
Table 3 The detection result of grapevine viruses in ‘ Shine-Muscat’ grapevines
Origin Sample Symptoms Detection result
Zhejiang VAR CM, LD GRSPaV , GLRaV-3, GVA, GVE, GFkV, GPGV, GFabV
7]-2 CM, LD GRSPaV, GLRaV-3, GVA, GVB, GVE, GFkV, GPGV, GFabV
Z7J-3 CM, LD GRSPaV , GLRaV-3, GVA, GVE, GFabV
7J-4 Symptomless GRSPaV , GLRaV-3, GVE, GFkV
ZJ-5 Symptomless GRSPaV , GLRaV-3, GVA, GVE
Shanghai SH-1 Symptomless GVE
SH-2 Symptomless -
SH-3 Symptomless -
SH-4 Symptomless -
SH-5 Symptomless -
SH-6 Symptomless -
SH-7 Symptomless -
SH-8 Symptomless GVA, GVE
SH-9 Symptomless -
SH-10 Symptomless -
Yunnan YN-1 CM, LD, SM GLRaV-4,GVA, GINV, GPGV , GFabV
YN-2 CM GLRaV-4,GVA,GPGV
YN-3 CM, LD, GLRaV-4,GVA, GPGV, GFabV
YN-4 CM, LD, GPGV
Fujian FJ-1 CM, LD, SM GRSPaV, GFkV, GFabV
FJ-2 CM, LD, SM GRSPaV, GFkV, GFabV
Wuhan WH-1 CM, LD GFabV
WH-2 CM, LD GFabV
Shandong  SD-1 Symptomless GLRaV-3, GVB, GVE
SD-2 Symptomless GLRaV-3, GVE
SD-3 Symptomless GLRaV-3,GVA, GVB, GVE
SD-4 Symptomless GLRaV-3,GVA, GVE, GFkV
SD-5 Symptomless GLRaV-3,GVA, GVB, GVE, GFkV
SD-6 Symptomless GLRaV-3, GVE, GFkV
SD-7 Symptomless GLRaV-3, GVE, GFkV
SD-8 Symptomless GLRaV-3, GVE
SD-9 Symptomless GLRaV-3,GVA, GVE
SD-10 Symptomless GLRaV-3, GVB, GVE, GFkV
SD-11 Symptomless GLRaV-3, GVE, GFkV
SD-12 Symptomless GLRaV-3, GVB, GVE
Jiangsu JS-1 CM, LD, SM GLRaV-2, GLRaV-3, GRSPaV GVA, GVB, GVE, GPGV, GFabV
JS-2 CM, LD, SM GLRaV-3, GRSPaV, GVA, GVB, GVE, GFabV
JS-3 Symptomless GLRaV-2, GLRaV-3, GRSPaV, GVA,GVB, GVE, GPGV
JS-4 Symptomless GLRaV-3, GLRaV-4, GRSPaV, GVA, GVB, GVE
JS-5 Symptomless GLRaV-2, GLRaV-3, GRSPaV, GVA, GVB, GVE, GINV, GPGV
Liaoning LN-1 CM, LD GRSPaV, GFkV, GPGV, GINV, GFabV
LN-2 CM, LD GRSPaV, GFkV, GPGV, GINV, GFabV
LN-3 CM, LD GRSPaV, GLRaV-3, GVA, GFkV, GPGV, GINV, GFabV
LN-4 CM, LD GRSPaV, GFkV, GPGV, GINV, GFabV
LN-5 Symptomless GRSPaV, GPGV, GINV
LN-6 Symptomless GFkV, GPGV, GINV

CM: Chlorotic mottling; LD Leaf deformation; SM: Small leaf.
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CPEOCECER (R R AE AR S GFLV 51 1Y 5
2 B R RE RS AR, (AR FiFF 58 DA 28 BRUE R B9 ¢ BH G
HOHL A RE S P IR AR AL 2] GFLV, 3 15 B 4 %
S R AEIR A —E i GFLV 53, F&AT7E HAh
AR B BT R X TR
GFLV {2 %« 0 4 4, I AE R 1 & A& 5 GINV,
GPGV .GFabV % 3 Rl &4 52" | Lou
S B ECBR A A RE A GPGV  GLRaV-3
GFkV .GFLV .GRSPaV .GVA GVB % 7 Fhi#i %5k
BEUEAT TR (HIF AR AL GINV Fl GFabV

AHIFFE R /N RNA U35 AR X ToAE R A3 3
PRI ¢ BAOCECBR 45 280 FF i 20 0l 6470 i Pl IS 4
8 TCRERE S RN 3 R4 B , AR S R
M F {035 GFabV Fl GPGV [ 8 P 45057, *f 46
A PHOGECER A AL EE RT-PCR Rl 45 5 R,
GFabV {UAEAE T e A i v, 76 W A A GINV
F GPGV WA R A 2, PR, 3xX 3 Fhi
jEE , JLHJE GFabV, nl g  BHOYCEER #4590
B AR UIAOC, X T 2N EEE SR
G AREF Uiy 1 JEC 2 M — el 2 5 DR AR . PRIt
X AR AT e R IR IR AR Y L R
YeVE s P L0 55 T LIRSS, ARS8 R EIR,
W%V A 248 TG 3R it A AGH U 3805 7 A1, At ik i
FIA S E B RE S TP IR 2 R A e aE . 98 LR
A, T RE A ¢ FHOGECER 7R 45 AR 15 5 | 2k 72 v, i
BRI EE AR (RS AR ) 5 A A
AL BETEL, —LEH AR R A2 | 7 B
FRIALRER , FETCHE R 1) ¢ BHOGECER " rh AR B k]
B H5E H R

A FEI O A AR AT B v, PR O i
A HATME—A R B At AR BB
AR TR Y BRI R R B R R AR R
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