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In this study, a total of 217 samples were collected from five grapevine cultivars in Chungcheongbuk-do
and Gyeongsangbuk-do in 2021. These samples were tested for the presence of five grapevine viruses us-
ing specific primers through polymerase chain reaction. The results indicated that grapevine fleck virus was
confirmed in 126 samples (58.06%), grapevine leafroll-associated virus (GLRaV)-3 in 112 samples (51.61%) and
GLRaV-1 in four samples (1.84%). The infection rate was high in Shine Muscat and Alexandria cultivars, and by
region, the Gyeongbuk region showed a high infection rate. However, the presence of grapevine red blotch
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associated virus and grapevine berry inner necrosis virus were not detected.
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325 (Vitis vinifera)§i= AIAA S & =07 o] 2HE=A =T AY
Al A3 LS 98 Q51 Au AFER Q1AHE QIE}(MerS
. 2011; This 5, 2006). ZUjollA] Z = Auj] H2L- 13349 hao|H,
223} 78 A)ejo] AR o 67%S AAa}T Qlck S5 7
2] §50] 428%9) W82 714 ol AL oo, 22
e Ayl e Sale) M3} FFa s o
29| uf WA o] Z7}51aL ¢lth(Korean Statistical Infor-
mation Service, 2021). ZZEoA= A AAIA S 2 804 £2] v}
o]g|A 9 vlo|2o|=7} B 11 Eo] 9Jth(Fuchs, 2020; Krenz &,
2014; Martelli, 2017). Z15:0]| )%= grapevine berry inner necrosis
virus (GINV)i= Q& ofappAlof|A] 71 ZBA|A o = Fa3t &
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EUHF Pl A R AEA glom, S B Egitk(Fan
=, 2017). GINVE= ZUjol A= 20219 4:9)%] 2= RE|A 7
ZEglon, = AgHsiEe 2 o] gtk FYolA=
grapevine leafroll-associated virus (GLRaV)-1, GLRaV-3, grape-
vine fleck virus (GFkV)E 35}l 20%9] vlo]g|A U vlo|2
oj=7} vkt = Ao 2 &rElA QITHKiIm 5, 2011, 2021). SAAE
A A @ 7)of whek GLRaV-1, GLRaV-3, GFkVE =U] X
20| AT AL LG5S 93} TrolH PASH= 5
A B o 2 x]A=|o] Itk Grapevine red blotch virus (GRBV):=
DNA oIEI22 52 Qo] $& U gosf i o] &
gahe Ysl Bl F2 vlolelA R LeiA 9w, Fhel
A= 201649] AL H 1 EQIcKTable 1). 02|35t vlo]z]A = Q1
o Z=He QIR 7Y, 9o WA, 915 52 4}
of gufe] YAt P 5 o) Alzket §FE )3 4 9l

(Basso 5, 2017). = F2 7[R S WL3}lo] AHE-2 =3 &ful]
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Table 1. List of grapevine viruses reported in Korea

Family Genus Virus Reference

Betaflexiviridae Foveavirus Grapevine virus T Joetal. (2017¢)
Grapevine rupestris stem pitting-associated virus Joetal. (2017b)

Trichovirus Grapevine Pinot gris virus Choetal. (2013)

Vitivirus Grapevine virus B Joetal. (2018b)

Grapevine virus E Joetal. (2017d)

Grapevine virus L Kim and Heo (2022)

Closteroviridae Ampelovirus Grapevine leafroll-associated virus 1 Kim et al. (2021)
Grapevine leafroll-associated virus 3 Kim et al. (2004)

Closterovirus Grapevine leafroll-associated virus 2 Kim et al. (2021)

Geminiviridae Grablovirus Grapevine red blotch virus Lim et al. (2016)
Maldovirus Grapevine Gemini virus A Joetal.(2018a)

Secoviridae Fabavirus Grapevine fabavirus Joetal. (2017¢)
Nepovirus Blueberry leaf mottle virus Kwak et al. (2016)

Tymoviridae Marafivirus Grapevine rupestris vein feathering virus Choetal. (2018)
Grapevine Syrah virus 1 Choetal. (2019)

Maculavirus Grapevine fleck virus Joetal. (2017a)

Pospiviroidae Apscaviroid Grapevine yellow speckle viroid 1 Joetal. (2017a)
Grapevine yellow speckle viroid 2 Jeong et al. (2022)

Hostuviroid Hop stunt viroid Kim et al. (2011)

o, 9T WA FE2A vholg & ol HeFsteHMyles 5,
20M1). FE3F Hio |22 SloH] }iA7} of 7] w2 ol 7Rt ther
I HaE ol85to] HaEg AAtstal, ol 29 U-E AlAS)H
of o3} & WAISk= Zlo] Fasit) o F SHsiA 2710 A
o5 k= Ao] Bp2o|nh TRl | of2] Aol vk
3 DNA ufoji2 7} 915j0] F25}T gz ARplA, EEolA
GRBVS] 7+ AJE|E ZARS 4] 2 ool g /b glrk wke}
A B AT T TE AL oo 2 s A3t F
Hlole @) R 49 -2 vlole A1) Wy g 2ALS ol
ol 52 Holei2rt ol FFoIA WA YLAS olsfEe.
2 L vjofziao] gt ol @ ohS WS 47t A) B

2019 3% AH(GF, 24, A, 35 L A AR,
242, Gl 9IX/3 7 Ade] 5 29 Z= ThdellA A
91 Qi £ 57 EEENUL, 3, ARINAY, S
Sejof, AHL)A] o4 4L Holt o AR % 2178L F)
Mokl 22 9 ARE WAL o) §5to] Batst gtz
Abrg mbadt ), Al 3% 7]E(BCS Plant RNA Prep Kit;
Biocubesystem Co., Suwon, Korea I+= viral Gene-spin Viral

DNA/RNA Extraction kit; iNtRON Biotechnology, Seongnam,
Korea) 52 ¢0]835}¢] total RNA/DNAS F=35}9ith vlolg| A
o RS $falA] 5% vroleiio] that & Bo|meto|miS AL
2351931 (Table 2), GRBVO] thal polymerase chain reaction
(PCR) 9 GFkV, GLRaV-1, GLRaV-3, GINV ZIth-2- ¢]3] reverse
transcription (RT)-PCRS A3jsle] AV|95S &3 25
golstitt & Z 5 PCR AHE2 AA| & sanger sequencing
©2 G7INGL Selsto] utolg 29 2 oS Bl
O A E A= Foll =3} HE 718 5 ol s4=
B, vho]z Ao] Sol=el WAL BhIe 4 glgik 2]
1 o)A} Z4bo] L] gk ThE Al RO A Hholgl A7} 2]
= A vlo]g A F7E HEES GFKV 58.06%, GLRaV-3
51.61%, GLRaV-1 1.84%2] <=0|3). 2, GLRaV-1+= Z4HA=|(H
5, 173, ARIUIAAALE, 39) & ol 4 et AgEsl 22
5 %59 5% Hlolg|2o digt A EES B, EYe, 5%
W 258 27-38%0] HPES Bgow, ARl A} ke
AtEgob= Z12F 82.1%2F 60.0% 2 A A o2 2 HHES
UEt ithTable 3). |8 2 B, S5 470 A HojlA] F A2
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Table 2. Primer information used to detect grapevine viruses in this study

Virus Primer Sequence (5'—3") Size (bp) Tm(°C) Reference
GFkV GFkV-2F CTCCCCTTCCAGTTCCTGTGGTAT 351 60 This study
GFkV-2R GTCGGTGTAGGTGACGGAGTCCT
GLRaV-1 GLRaV-1-F TGGTTTCGGTACATCTGCTTATAC 841 55 This study
GLRaV-1-R CACATTACTTTTCCGCCCGAA
GLRaV-3 GLRaV-3-F ATGGCATTTGAACTGAAATTAGGG 416 55 This study
GLRaV-3-R1 ACTTTCCCTGGCTCGTTAATAAC
GRBV GVG-F1 CTCGTCGCATTTGTAAGA 557 60 Al Rwahnih et al. (2013)
GVG-R2 ACTGACAAGGCCTACTACG
GINV GBINCP1A ATGTCGATMAGRCAGGAATTG 585 55 Fanetal. (2017)
GBINCP1B CATAGTAAAAGCACCCTCGCT

Primers specific for the three viruses of GFkV, GLRaV-1, and GLRaV-3 were designed based on sequences reported in GenBank database.
GFkV: AJ309022, HQ688989, and KT000361; GLRaV-1: JQ023131, KU674797, MG925332, and MH807223; GLRaV-3: AF037268, GU983863,

GQ352631, MH814482, and MK804765.

GFkV, grapevine fleck virus; GLRaV, grapevine leafroll-associated virus; GRBV, grapevine red blotch associated virus; GINV, grapevine berry

inner necrosis virus.

Table 3. RT-PCR results of five viruses by grapevine cultivars

Number of Viruses

Host Tested samples  Detected samples GFkV GLRaV-1 GLRaV-3 GRBV GINV
Cambell early 41 11 (26.83%) 9(21.95) 1(2.44) 6(14.63) 0(0.00) 0(0.00)
Chungrang 18 5(27.78) 4(22.22) 0(0.00) 4(22.22) 0(0.00) 0(0.00)
Shine muscat 145 119 (82.07) 108 (74.48) 3(2.07) 99 (68.22) 0(0.00) 0(0.00)
Alexandria 5 3(60.00) 2 (40.00) 0(0.00) 3(60.00) 0(0.00) 0(0.00)
Jaok 8 3(37.50) 3(37.50) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
Total 217 141 (64.98) 126 (58.08) 4(1.84) 112 (51.61) 0(0.00) 0 (0.00)

RT-PCR, reverse transcription polymerase chain reaction; GFkV, grapevine fleck virus; GLRaV, grapevine leafroll-associated virus; GRBV,
grapevine red blotch associated virus; GINV, grapevine berry inner necrosis virus.

®Infection rate (%).

997 % 5170] Hlolels ZHguo] 50% HHE S Lhehda, 7
2 374 ol A= F 18I 90eA holel 7t A
0] 76.2% ZEE S UEtith(Table 4). == 2 452 5
3 Aok 2, 2|92 2ol Hrki ofH FEE Aulst, of
W 222 g3t Ro] net ntolel s oo gebd A
©2 oAk 20144 FhelA] M2 AekEl o] GRBY
of S ] et A7} GeAIT ool 54 297)
FA57 FF)0) 2179 A=l Tt 24 A, GRBVE H
choral DNA Hholei2e] S §lo] F53Ha gl Aol
g, o]l EAR] A BHIRA) gholeh B GINVE LT} 5
oAk WA vhol AR QT Frtolw], EE RE

o] ZEs] o] FA| AL = A 1T I 79 7Hs
go] UKAIRL, GINVE ZQI=A] F3kth(Table 3). BHH GFkV,
GLRaV-1, GLRaV-3 3%-29] vol| e FAHFYHA A §lofof
L AL Yol §7F RO o HEHE AL
2 Ko}, B H A GARE SEIA] gittal Helrk 2 A+
o] Az = o, 20149 £ &= ARof|A HEH GRBV= S| =
&= dhelof] Bt A] 2 Ao 2 FHE, GINVE 37349 e
Soto] U o] AFHE AL Rl Ao = Tk 2 A=
W Z= FolM 83 An|E THAH, S Hlol2 S
ot di-s o #e] Azfe eHste b 782 AR = 284
o ok 53], Ul = FREE AL 5 E= 4G9 A&
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Table 4. RT-PCR results of five grapevine virus by the region of samples collection

Number of Viruses

Area Tested samples Detected samples GFkV GLRaV-1 GLRaV-3  GRBV GINV
Chungbuk Cheongju 28 10 (25.71%) 9(32.14)  0(0.00) 5(17.86)  0(0.00) 0(0.00)
Okcheon 20 14 (70.00) 13(65.00) 0(0.00) 10(50.00)  0(0.00) 0(0.00)
Yeongdong 46 23 (50.00) 20(4348) 1(217) 19(41.30)  0(0.00) 0(0.00)
Jincheon 5 4 (80.00) 4(80.00) 0(0.00) 2(40.00) 0(0.00) 0(0.00)
subtotal 99 51(51.52) 46 (46.46) 1(1.01) 36 (36.36)  0(0.00) 0(0.00)
Gyeongbuk Gimcheon 6 5(83.33) 5(83.33)  0(0.00) 3(50.00) 0(0.00) 0(0.00)
Yeongcheon 91 78 (85.71) 69 (75.82)  0(0.00) 67(73.63)  0(0.00) 0(0.00)
Sangju 21 7 (33.33) 6(28.57) 3(14.29) 6(28.57)  0(0.00) 0(0.00)
subtotal 118 90 (76.27) 80(67.80) 3(2.54) 76 (6441)  0(0.00) 0(0.00)
Total 217 141 (64.98) 126 (58.06) 4 (1.84) 112(51.61)  0(0.00) 0(0.00)

RT-PCR, reverse transcription polymerase chain reaction; GFkV, grapevine fleck virus; GLRaV, grapevine leafroll-associated virus; GRBV,
grapevine red blotch associated virus; GINV, grapevine berry inner necrosis virus.

®Infection rate (%).

3} ol A= QIR wjs] Z|43}of] 7|0 = QL& Aotk
2 o

2 AFolA= 20219 SFEE & BAEZ AR 770
A|ede] % 207) & THol A AT Qb= = 5 E5of
A % 2179) A28 ATk vholel o) Ak I 5%
sholel o] g 5 BolZetolntE o §3he] FRHL ALY
S5t ) Ak 21} grapevine fleck virus (GFkV)+= 12671 Al
F(58.06%)°1| 4], grapevine leafroll-associated virus (GLRaV)-3
= 11270 A E(51.61%)0l14, GLRaV-1+= 47} A|5(1.84%)0| A &
AHATE 53] ARRIHAAT dEiteg]ol FFoA 2 A4 4E
Eol #3om, Agdzs BE A 9ol 2 HHFES EYtk
Y grapevine red blotch virus (GRBV)%} grapevine berry
inner necrosis virus (GINV)= Q1= 2] 9k9)th
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