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Abstract: [ObjectivelGrape (Vitis vinifera L.) is one of the most susceptible fruit trees that may be in-
fected by various phytopathogens. The wide distribution of these phytopathogens and serious damage
on grape has aroused wide public concern. Viroid infection on grape results in yellow leaves, plant
dwarfism, dysplasia, and even plant death. Viroid disease occurred in Xinjiang, Ningxia, Gansu, Liaon-
ing and other grape growing areas, and the incidence rate could be as high as 100% in some cases. Shan-
dong province is one of the major production region of fresh grape in China. In recent years, the viroid
transmission increased due to the continuous expansion of planting area and the introduction of grape-
vine from other production regions. In this research, 149 grape leaf samples from the major production
region in Shandong province were collected and detected by RT-PCR to identify the viroids. [Methods]
About 0.1 g of each grape leaf sample was weighed and placed into 2 mL centrifuge tube; the sterilized
steel balls and liquid nitrogen were added and the tissues were ground quickly in the grinder until the
sample was pulverized. The total RNA was extracted according to the instructions to the kit. Then cD-
NA of each sample is synthesized by using HiScript” II 1st Stand cDNA Synthesis Kit. The symptomat-
ic samples were detected using RT-PCR and the specific primers GYSVdl, GYSVd2, AGVd, HSVd
and CEVd. The amplification system was as follows: 2xEs Tag Master Mix 15 pL, upstream and down-
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stream primers 0.5 pL respectively, cDNA 1.0 pL, making up the total volume to 30 mL by ddH.O.
PCR amplification products were detected by 1% agarose gel electrophoresis and the indicated frag-
ments were purified by reference to the kit. The purified target fragments were constructed into cloning
vector pMD18-T. The recombinant vector was transformed into £. coli competent cells DH5a for DNA
sequencing. The sequences were compared in GenBank. We downloaded the sequence of viroid isolates
from NCBI and constructed the phylogenetic tree by using MEGA 5 Neighbor-Joining (NJ). The tree of
the branch confidence (Bootstrap) was analyzed repeatedly for 1 000 times. [Results] The specific
bands of about 367 bp, 374 bp, 375 bp and 306 bp were amplified by primers of GYSVdl, GYSVd2,
AGVd and HSVd, respectively. No specific band was amplified by CEVd primers. Compared with the
reported isolates in GenBank, the coincidence of GYSVdI1, GYSVd2, AGVd and HSVd was above 90%
according to DNA sequencing and BLAST. None of the five viroids was detected in grape samples from
Pingdu, Laiyang and Linshu; more than four viroids were detected in the samples collected from other
sampling sites and complex infection of these viroids occured in most cases. In order to clarify the phy-
logenetic relationship of four kinds of viroids in the major producing regions of Shandong, we used
GYSVdl, GYSVd2, AGVd, HSVd isolates from Qingdao, Yantai, Rizhao, Linyi and the isolates of dif-
ferent regions from GenBank to construct a phylogenetic tree. The results revealed that the GYSVdI
isolates of Shandong were mostly similar to the isolates of Brazil, South Korea, and the United States;
the GYSVA2 isolates of Shandong were mostly similar to those of Beijing and Iran; AGVd isolates of
Shandong were mostly similar to those of Iran, Chile and the United States; HSVd isolates of Shandong
were mostly similar to those of Japanese and American. [Conclusion] Grapes in Shandong province
were infected by GYSVd1, GYSVd2, AGVd and HSVd and the complex infection normally occured un-
der natural conditions. GYSVd?2 isolate was firstly reported in Shandong.
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Table 1 Primer information used in this study

5|4 Primer JF%1(5”-3") Sequence (57-3") K J& Length/bp 1B KR Tm/C 22 ik Reference
GYSVdI-F CCTCAAAGAGCTAAACTGGAC 367 55 [16]
GYSVdI-R CACATCACCGGAACCCAAAGTCAC

GYSVd2-F ACTAGTACTTTCTTCTATCTCCGAAGC 374 55 [17]
GYSVd2-R ACTAGTCCGAGGACCTTTTCTAGCGCTC

AGVd-F GTCGACGAAGGGTCCTCAGCAGAG 375 55 [18]
AGVd-R GTCGACGACGAGTCGCCAGGTGAG

HSVd-F AACCCGGGGCTCCTTTCTCA 306 55 [19]
HSVd-R AACCCGGGGCAACCTTCTC

CEVd-F ACGAGCTCCTGTTTCTCCGCTG 300 54 [20]
CEVd-R CCGGGCGAGGGTGAAAGCCC

ul, GYSVdl.GYSVd2. AGVd. HSVd #il CEVd
RIS ¥ % 0.5 uL, cDNA 1.0 pL, ddH,O #p & B A&
FRZ 30 pL. PCRY G =4 1 %3a HE W B¢ i FEL K A
.
1.4 PCR =B EF K F5 534

SRR & V20 H A B [RS8 48 7=
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A. Chlorosis, mottled; B. Yellowing, mosaic; C. Pulse-to-pulse faded Green; D. Leaf malformation.
1 BEERSHENERLER
Fig. 1 The field types of symptoms for grapevine viroid
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A M QD-1 LY-4 RZ2 N B M LY-1 WF-3 QD-1 N
2000 bp 2000 bp
1000 bp 1000 bp
750 bp 750 bp

500 bp 500 bp

250 bp 250 bp

100 bp 100 bp

c M YT-2 LY-3 WF-2 N D M LY-3 RZ-1QD-1 N
2000 bp 2000 bp
1000 bp 1000bp
750 bp 750 bp
500bp 500 bp

250 bp 250 bp

100 bp 100 bp

A. 51 GYSVAL-F/R # #455L: B. 514 GYSVA2-F/R #1145 5: C. 514 AGVA-F/R #3445 L. D. 514 HSVA-F/R #3145 L : M. DL2000
DNA Marker; N. [ %8 QD-1.RZ-2.LY-1.LY-3.LY-4.WF-2 . WF-3.YT-2.RZ-1. A& [{] % Hi1 3 & B A

A. Amplification results with primers of GYSVd1-F/R; B. Amplification results with primers of GYSVd2-F/R; C. Amplification results with prim-
ers of AGVd-F/R; D. Amplification results with primers of HSVd-F/R; M. DL2,000 DNA Marker; N. Negative control; QD-1, RZ-2, LY-1, LY-3, LY-
4, WF-2, WF-3, YT-2, RZ-1. Samples of main grape plant areas.

2 REFELFS RT-PCR 184

Fig. 2 RT-PCR amplification results of Shandong grapevine samples by viroid infection

*2 WHEHRFHE~XERE RT-PCR BN
Table 2 RT-PCR detected results of viroid in samples of Shandong Grape

PR PHE:%5/46 H 2 Positive number/detection rates (%)

SRAEH £
: Sample GYSVdl+ GYSVd2+ AGVd+ GYSVdl+ GYSVdI+GYSVd2+
Sampling place .
punep quantities GYSVdl GYSVd2 AGVd HSVd HSVd HSVd HSVd GYSVd2+HSVd HSVdJ+AGVd

Ui B & 18 1/5.56 2/11.11 - 8/44.44 2/11.11 - - - -
Weifang Changyi
HH “FFE Pingdu 9 - - R - . R _ R R
Qingdao i Laixi 19 ; 1526 - 6/31.58 - ; ; : ;

B2 Jimo 28 - - 2/7.19 6/21.43 1/3.57 1/3.57 1/3.57 7/25.00 1/3.57
WE #1L1 Fushan 6 - - 1/16.671/16.67 - 1/16.67 - - 2/33.3
Yantai 3E[H Laiyang 13 - - - - - - - - -
SR EH Juxian 26 3/11.54 - - 7/26.92 4/15.38 - - 5/19.23 3/11.54
Rizhao
G E® Junan 4 - - - 2/50.00 - - - - -
Linyi IR Linshu 8 - - - - - - - - -

%1l Lanshan 6 - - - 3/50.00 - 1/16.67 - - 1/16.67

UK Yishui -~ 12 1/8.33 1/8.33 - 6/50.00 - - 1/833 - -
4t Total 149 5/3.36 4/2.68 3/2.01 39/26.177/4.70 3/2.01 2/1.34 12/8.05 7/4.70

T ARSI B VR YRR PR SR

Note: The type of undetected infection was not shown in the table.
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26(JF746186)
ASDRZ-GYSVd1
ASDYT-GYSVd1
SY-BR(KU880715)
ASDLY-GYSVd1
KO(LT601586)
ASDQD-GYSVd1

95

‘ GYSVd-2-CF71(JQ686717)
65‘A SDQD-GYSVd2
A SDRZ-GYSVd2

65| ¥524(FJ940921)
Beijing(DQ377126)
A SDLY-GYSVd2
A SDYT-GYSVd2
WAOTSY10-73.1(GU327612)

WAOTSY9-73.2(GU327611)
CF-BR(KU880717)
Chardonnay [10V1(JX892929)
OR2(KF137564)

Chardonnay 110V1(JX892930)

22-35(FJ597945)
GY2-RG-2.3(KJ489023)

Prapatsorn 19(KP010023)

6703 YS2 ThS2(KF007320)

Tl 30(KT000350)
TR-BR(KU880716)

0.005
A

67 1-5(0Q362906)

22.271(FJ746844)

— AG-SB-3.5(KJ489019)
xatam(KF876037)
ASDYT-AGVd
6447 AGVd SB(KF007274)
AGVd-Bm101(JQ686700)
AGVd-Bm102(JQ686701)

59| 1-40(DQ362908)

| | AGva-ro141(J0686704)

| | AspLy-AGvd

|| AspaD-AGva

64 ASDRZ-AGVd

WAOTSY10-74.1(GU327604)
F3(HM211854)

0.05

C

6557 YS2 Sup(KF007314)

0.005
B

60 HSVd-17NM1(AB222864)
ASDLY-HSVd

ASDYT-HSVd

50 ASDRZ-HSVd
ASDQD-HSVd

52| IWAOTSY10-74.1(GU327606)
F1(KF712280)

E5 HSVd(KJ466330)

Tu HSVd 1-13(DQ371456)
Pinovo(FJ974081)
4aHSVd11-6(EF080843)
54| HsVd.alm2(AJ011814)
tz6HSVd11-5(EF080858)
pis67-jabari(KC771547)
1aHSVd11-2(DQ362902)
hsvd J12(FJ771022)

PSTVd ChalkV74(GU481092)

D

A. GYSVdL ARy B 5 At 7 B R G AL s B. GYSVA2 IR 73 B 5 Fefb 7 BS M R SR HEALA s C. AGV L AR 7T BS 1 5 oAt 2 590

RGHAH; D. HSVA L AR 22 B9 5 HoAt 2> B R GE it A«

A. Phylogenetic relationships between GYSVdl Shandong isolate and other GYSVdLI isolates; B. Phylogenetic relationships between GYSVd2

Shandong isolate and other GYSVd2 isolates; C. Phylogenetic relationships between AGVd Shandong isolate and other AGVd isolates; D. Phyloge-

netic relationships between HSVd Shandong isolate and other HSVd isolates.

3 GYSVd1.GYSVd2.AGVd 1 HSVd RGi# LA
Fig. 3 Phylogenetic relationships based on sequences of GYSVdl, GYSVd2, AGVd and HSVd
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RIS N0 DX B 5 T B S 0 65 31 BRI O I R 1
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L AFRIR A FFRE R Y, LHSV 1AL H 2% 5
151> N 46.98% , Ho HR TR IR YT =2 L M XK HY Rk
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20.81%A1 17.44%, 3 H GYSVA2 N1l & & Ik & B ;
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