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ABSTRACT

The purpose of this project is to establish a monitoring system for 12 nationally
managed viruses and common viral diseases introduced into Gangwon state from 2020
to 2024. This system aims to protect the domestic agricultural industry by strengthening
domestic quarantine measures and implementing preemptive actions to mitigate damage
to farmers. The occurrence of specific viruses was confirmed in major crops in the
Gangwon region, with continuous virus outbreaks reported in cucumber (CABYV), melon
(CABYV), and pepper (TSWV). Therefore, thorough virus surveillance and control are
necessary for these crops and regions. Additionally, some viruses increased rapidly in
specific years and areas. For example, there was 100% detection of TuMV in
Jeongseon cabbage in 2021, multiple viruses detected in Gangneung Nari in 2020, and
100% detection of TSWV in Yeongwol and Inje peppers in 2023. Analyzing these
patterns of increase is essential to predict future outbreaks and implement preventive
measures. For cabbage, Chinese cabbage, and horseradish, continuous monitoring is
crucial due to the high variability in virus occurrence. It was confirmed that a detailed
analysis of virus occurrence in relation to climate change and crop cultivation methods
is necessary. This study monitored the occurrence of major viral diseases in Gangwon
state and conducted an in—depth investigation into viruses at risk of being introduced
into the country. The objective is to establish foundational data for preventing the
establishment and spread of viruses in domestic farmland while enhancing virus control
efforts.
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(QUHIBMIR Rt - Z9XIY F71H2| Hio|2{A HLU R2EXAL

(A1 1) Ik Hoj2A 2y BREFAL

29x|e] 27LmAlHI0|A SUEZS 9Jof 202035 E 2024EHK| 1%, EOE, Q0| w2 =
20 2R, T, S2e2), 44 23S TS £ 10KZ0|A LMEHS HO|HA 1259 UM N
S ZABIRLL ZAF AIZIE M8 Z WOl & LIS A7|0f 15] S2510] ZASIAC, M2 X
AKX 9 CHA HIO[ZARE TEUME 2020HSE 2024U7HK| ®F @Y, HAM, CIHOIA
CSNV, INSV, TSWVOIl T3t 359 HIO[ZA A UAEAIS AABIGICH EO0MEQ] 2 20204
2024E7HK] £, B4, AWM CSNV, TYLCV, TSVOl| TSt 3X HIO|ZA HIMOIALS EAFGISLT,
QOI0IM= 20204 T 2024 7K £, £, 31, ZA0IA CABYV, CCYV, MABYV, TSV 4Z0f
CH3H HIO[A 248 UAS FABIGICH DREDIXIE BROIMS 202014 ~2024E70K &M, HE,
T, BMOIM CABYV, CCYV, MABYV 3Z0| CH3t HIOZA SAMAS AL 220101As
2020001 £H, §%, FHOIA CNRMVO| CHEH HIOIHA LMUAS ZASID, ZX0IME 2020
S0l £H, S, UM CDVO| CHEH HIO[HA SAAIS FARBIACE ELOlAS 20201 2021

-
-

o



SAMK| 2y, G, AHN GRBaVO Cfgh HIO|2{A ZMAUMES ZARSIYIL, ERHZME

H T 2022E7K| &M, g, MM, QIH|, SX0IM BRRVO| CHSH HIO|2A SAOFAS TAKSIGICE. 2=

HIOA = 20238 {3 FY, UT0|A CABYV, CCYV, MABYV 3Z0| Cist HIO|2{A rAfofArS
A

ZARIRCH ORX|Afo= EQOHME 2023 7 20244MX| EZx, 4S0IM CCNVO| CHEH BO|2
UHAYS TAIAL. EHOA RHEE Hfolﬂﬁ SHAN=E RT-PCRUHS OIR to BIO|HAZS
ddoict. 4 = AIEE 1.6m¢ JTEO| Temx1em37|= AHE = ORfel £ easy-spinTM

(o]
[DNA free] Total RNA Extraction kit(iNtRON Biotechnology, Seongnam, Korea)ZS O0|236}0]
AEAL U0 M2 22|E ot ZF A=HO0IAM XWI itE E2lot 3 it
O|EolULt. |AA LI 4 BiO|2AS] £0] 20 TEd syt AEE300|
A ORIt Z20|HE ArEoiRCH, B 110+ Zrt PCR oo o2 202 1xAccuPower®
PCR Master Mix(Bioneer, Daejeon, Korea) 2ud, Forward primer(10 pmol) 1ul, Reverse
primer(10 pmol) 148, RNA 2u0, D.W 14u02 BHSAIXCE RT-PCR X712 55°COIA 30%,
95°COIlA 102 YTAF BES F 95°COIAN 1027t denaturation &, 95°COJAl 30=x, 55~57°COfA
40x, 72°COIM 1222 3532 TSt PCRO| 2=2=H 2 AS2 1.2% agarose gelOA M

1852 ol 4FHEE =AUSIAC

_|. |'|-)||

H 1. HIO[HA Qg TITO AMEer 20|l =5

HHO[2A O210|H 0| AI7|IME(5'-3) PCRMZE F|bp)
BR-RT-1F GTTGATGATATTATTATATTTICAG
BRRV 603bp
BR-RT-2R GTTCCGAAGAACTGATATTGA
CNRMV-F GGTGCCCGAGTCTGAAACA
CNRMV NRMV-R CAGAGGTTTATCATTCATCAC 502bp
TSWV 6F GAGATTCTCAGAATTCCCAGT
TSWV TSWV 6R AGAGCAATCGTGTCAATTTTATTC 459p
ey INSV 1F ATC AAT AGT AGC ATT AAA CAT 5005
INSV 1R GAC TCA ATC TGA TTC CTT AGA P
tylov 17 GTCAACCAATCAAATTGCATCCTC AA
LV iev 1-2r GTCCAAAATCCATTGGGC 712bp
CABY-ud ACA CGA GTT GCA AGC ATT GGA AGT
CABYW  CABYV-d3806  AGT ATT CCA GAG CTG AAT GCT GGG 466bp
oy COW E2 ATC ACA CCC GAA CAC ATG AAT C o
CCYV R2 TCG CTC ATT ACC TTA CCA GTG G P
oy CDV-F GCTGATACAGTTGATGCCG st
CDV-R TAACCTCTAACCTTGACGCACAC P
GRBaV-F GCTGTGGTGCTCATTTCTCT
GRBaV  RBav-R ACTTGATCATACACACGCCA 1216bp
MABYV-262-F  GAACCGTCGACGCACTTCAAAGAGTA
MABYV. o lero-uni-R GATYTTATAYTCATGGTAGGCCTTGAG 280bp
o TS-N10 CTA TTG AGA AGT CGT GCC T S5
TS-C30 CCA TCA GAG ACG GCG ACA AA P
coyy  CSNV-NCPTF  GCG GAA TAC TCT GCA CGA CTT G 5016

CSNV-NCP1_R GCT CTT TGT GCT TTG AAT CCT G
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AR 2) ZHXY9 FE=iF, L2, 15H0|) Hio|2A EREEA
ZEXY FRA=0! HiF Y L2, IFHO0[0| HIo[2AY REAIAE o EfH, FM, AN, ZE
OlA HO|2IA EEUMNS ZAMSIZCEL ZAZIE M8 X7, 571, 87|
HiZ== 2020E2E 2024U7IK| CMV S 4Z09| HIO[ZHAO| CHEH SrAiQkALS
20209 72024101 PIAMVE 4Z9°| HIO|HAN Cfst SAMEAE AMAIGIGCE 1x=H0|l= 20208~
2024E0| CMVS 3Z9| HIO|HAN| CHEH LAMEAIE AA|SIFCH SFX}
0 Z20|H= s&LsE =Es 2

3, 4%t Zob, A B4 dE2 Alg 112 20
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H 2. i HIO|2A O¢ THO ARt Z20|H =5

HIO|2{A IZ210|H 0|§ AI7IME(5°-3) PCRAHE F7|(bp)
CMV - F GAG TCA TGG ACA AAT CTG
oL CMV - R AAC ACG GAT TCA AAC TGG 650bp
oy TuMVNGO ACA TTG AAA AGC GTA ACC A 2560
u TUMVC20  TCC CAT AAG CGA GAA TAC TAA CGA P
iy TYMVN10_ TTT CCA CCC TCA CCA CCT TCT ACC 20400
TYMV C20  TGA GCG GTG ATG GAG ATG AGG AGT
. RMV N40 TAC GCC GGT CCT GAT TCG 66500

RMV C20 CGT TAA CAG GTG ATC CAG GAA ATA

H 3. Lig| HIO[5HA O¢z THO ARt Z20|H =5

[

HIO|2A  O20|H 0| AIIME(5°-3) PCRAE F7|(bp)
PIAMV DF1 TGC TTC GAC GCG GGC TC
PIAMV: 5 AMmv DR2 GCT GGT TAA GTT TGC CRA TA 520bp
CMV - F GAG TCA TGG ACA AAT CTG
CMV CMV - R AAC ACG GAT TCA AAC TGG 650bp
sy LSV - F  GAT GTC GAA GGT GTC AAA AGC TGC 5516

LSV - R CAC TGT TAG AGC AAC GAC TAA CCC

LMoV LMoV - F GGC TGT TTC ATC TGG AAG TGT GC 3006
© LMoV - R CAT GGT TTG TGC ATA GAG AAT GG P

B 4. 0FH0| HO|HA oYF THO AEer Z2t0|H S5

—

HIO|ZA  D2/0|H 0|2 AI7IME(5°-3) PCRAE F7|(bp)
CMV - F GAG TCA TGG ACA AAT CTG
CMV CMV - R AAC ACG GAT TCA AAC TGG 650bp
™MV 1-f TGT TAA GGA TTT TGG AGG AA
MV ™V 1-r AGT AGC ATC TAA CGT TTC GG 428bp
TuMVNGO ACA TTG AAA AGC GTA ACC A
TUMVE = mve20 TCC CAT AAG CGA GAA TAC TAA CGA 3560p
o AMV-N20 AGGAAATGTTACTAGCTGATGAAG 220
AMV-C50 GGTAGCATCATGGTCGGTGTCAAC P




3 Ay ¥ 1

Uk

(QHIBHISIR| : ZHX|S 74| HO[ZA YL BEEAL

(A1 1) Z7p2| HIO|HA g BT XA}

M OAWE IR0 NS Hl0[2A MO TAIS 9o 2020HKE 2024H7K| HF, AY, H
M, QIEO] 1F WHKIOIN ARS MSIACH NEd, XY AHES 2H 20200 TSWV7t
AZ0IM 46.7%, FHOME 20%%1L, 20210 5, HHOM 20%2 LHES 2ACL 2022
HOll= 3R RF HIO[HATE ASER| QYRUCH, 2023H0= TSWV7E Fe, QIX 2F0A 100%
9BS HCL DIXOR 2024HE0E 22 DI 3K B HO[AT} HEEX| o
ITh DXR0IME 3XI9 25 CSNVE INSVE ASEX| UCH, TSWVEH HESE HS Qs
HE 5.).

oN

;O

1

H 5. 1% Hio|2{A DLUEZ Ayt

RT-PCR &t

e AT HEHA =
CSNV INSV TSWV
2020 15 0 0 /
2021 15 0 0 3
S 2022 45 0 0 0
2023 15 0 0 0
2024 45 - . 0
2020 15 0 0 3
2021 15 0 0 3
o 2022 45 0 0 0
2023 15 0 0 15
2024 45 - . 0
" 2020 15 0 0 0
2021 15 0 0 0
"""""""""" 2022 45 0 0 0
oI 2023 15 0 0 15
2024 45 - _ 0
2020 45 0 0 10
2021 45 0 0 0
5179 2022 135 0 0 0
2023 45 0 0 30
2024 135 - _ 0
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T Mz EO0tEE 20209RE 2024E7HK &3, 2d, 2H9 E0tE MufX|oA oa Al=S

MEoHo TIEGIRC. 1 2ot 2020 2F0A TYLCVZE 13.3%, HEMA 40% HESEAL,
20210l= &g 66.7%, EE 33.3%/t A=A 2022EE0= TSV 5 352 EOIE BIO|=A

of oiet ¥ GRS ZARiCeL A UL 20239FH 202437 3K EF0|A
A

R HEDX| YUCHE 6.).

(Tomato Spotted Wilt Virus)

( 2020 ] [ 2021 ) [ 2023 )
T3 1. 0F Hoj2A XY 2Rs

H 6. EO0IE H0|2{A ZLIEZ Zl}

RT-PCR Z}

XIS a= M= CSNV TYLCV TSV
2020 15 0 0 -
2021 15 0 0 -
= 2022 45 0 0 0
2023 15 0 0 -
2024 45 - 0 -
2020 15 0 2 -
2021 15 0 10 -
=ES 2022 45 0 0 0
2023 15 0 0 -
.......................................... 2024 35 D T
2020 15 0 6 -
2021 15 0 5 -
HA 2022 45 0 0 0
2023 15 0 0 -
2024 45 - 0 -
2020 45 0 8 -
2021 45 0 15 -
& 2022 135 0 0 0
2023 45 0 0 -
2024 135 - 0 -

o
=
O
1%
o
oY
re
-
it



l= 20208 E 2024E7HK] &8, 84, 2, &g 20| MuiXHAM el A=
= ITHSIRACH. 1 At 20200 =X CABYVZt 53.3%, SXO0IA 93.3% AZ=U
1, 20210= 3™ 86.7%7F AEERACE. 2022H0I= OREEX|= CABYVZE &0 17.8% &
| &8 X992 20234 100%, 20244 60%/t A==UCL. 2022HE0= TSV 5 3

= MABYV & 3&8E ZAIGIUCL CABYVE Helotles RTHEX| LUCHE 7.).

E 7. Q0| HIO|HA DLE2 ZD}

RT-PCR &t

pafe: e MEA =
CABYV ccyv MABYV TSV
2020 15 8 0 - -
2021 10 0 0 - -
ZH 2022 45 0 0 - 0
2023 15 15 0 0 -
2024 45 27 0 - _
EH 2020 15 14 0 - -
2020 15 0 0 - -
2021 15 13 0 - -
ahx 2022 45 0 0 - 0
2023 15 8 0 0 -
2024 45 0 0 - -
2021 15 0 0 - -
o 2022 45 8 0 - 0
2023 15 0 0 0 -
2024 30 0 0 - -
2020 45 22 0 - -
2021 40 13 0 - -
1 2022 135 8 0 - 0
2023 45 23 0 0 -
2024 120 27 0 - -

4 #iz BE2 2020ERE 202447 &, B, 3, g HE MUHRGM Y= A=
£ Moo ZIHSIACH 12 Znt 2020 =X0IM CABYVZE 26.7%, BZEUA 93.8%, L=0IAM
53.3% HSEAL, 2021E0= 3 XY 2F ASEA AU 5o LF0M= CABYVZt 2022H
0= 156.6%, 2023HE0= 40%7F AEEAC. 20238 =0= HEWHM MABYV BIO|HAE 3X|

o TTSIROL BF ABEX| UUACH (& 8)).
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{Cucurbit Aphid— Borne Yellows Virus)

[ 2020 ] [ 2021 ] [ 2022 ]
[ 2023 ] [ 2024 )
O3 2. Q0| EZ Hio|2A X|gE 2HHS}
T 8. Y= Hi0|ZA ZUHZ A}
) RT-PCR Z}
A d= e CABYV CCYV MABYV
2020 15 4 0 -
= 2022 45 0 0 -
- 2023 15 0 0 0
2024 45 21 0 -
by 2020 16 15 0 -
2020 30 16 0 -
2021 10 0 0 -
ol 2022 45 7 0 -
2023 15 6 0 0
2024 30 0 0 -
2021 10 0 0 -
S 2022 45 0 0 -
=< 2023 15 0 0 0
2024 45 0 0 -
2020 61 35 0 -
2021 20 0 0 -
s 2022 135 7 0 -
2023 45 6 0 0
2024 120 21 0 -
04, SHSAATD}



O Bz S50k 2020801 &8, 85, 8o =01 MufX(oN oYz M= Mot ZHst
Lt =S0t H0[2A CNRMVO| Thsll 3X|&S EITHOIAXIZH RF ASEX| UUCH(E 9))

B O 220t HOHA DUHY B3}
— Z471
x| ol AR RTCECRF;AVE A
=5 2020 15 0
SIES 2020 15 0
oY 2020 15 0
S 2020 45 0

OI 2 ZAX0IM 202080 &H, 83, BEHO HA XA oS AM=E ATt TH
SIACH At HIO[2{A CDVOIl sl 3 X|%E THSIURZ BF ASEX| LATHE 10.).

FH

10. At Hio|2HA ZLIEE Znt

RT-PCR &}

x| A MEA =

CDV
=7 2020 15 0
=X 2020 15 0
a4 2020 15 0
22l 2020 45 0

Ug HIE ZETO|A 202040t 2021E=0 24, gd, Mol L XXMM SAFE ARE
MESHH RIS, EE HEO|2{A GRBaVO| s 2020 3 XY, 20214 2 X[¥2 TIHGHRX|CH
D5 ASLX| LUCHE 11)).

B 1. B Ho|2A 2UEE 21t

RT-PCR Zut

o THXI
X4 e MEAZ GRBaV
S 2020 15 0
o= 2021 15 0
ool 2020 15 0
oe= 2021 15 0
A 2020 15 0
17 2020 45 0
2021 30 0
HEHMZE SZ2H|2/0N 202035 2022H7MI =X, &d, M, oA, X9 SZH|2| XX
M QM AIZE ARSI XITHSIQICH S22 Bio|Z{A BRRVO| sl 2020ESE 20224

3 X|9e FTSIRX|OE D= A= K| ?J%tlltﬁ 12.).
O !
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I 12. 2262 Hlo|A DUEZ Zo}

RT-PCR &t

X s RN 2 SRRV
=3 2020 5 0
2020 15 0
=2k 2021 15 0
2022 45 0
M 2020 15 0
ol 2021 15 0
2022 45 0
=x 2022 30 0
2020 35 0
K 2021 30 0
2022 120 0
O HMZ #HI2 2023101 HF, &, Y79l £ IHHHX|OIN QAT AZE TSI TS}

L 11 20 MABYV S 35 HIO[2{20 THol 3 XSS TIHGIRRI 2F ASEXA| HATE 13)).

B 13. 48 HO[ZA ZLEHZ ZAdt
) RT-PCR Zu}

INE: A IHEA|R

| HEA MABYV CABYV ccyv

HF 2023 15 0 0 0

k=] 2023 15 0 0 0

e 2023 15 0 0 0

2 2023 45 0 0 0

OfX|2fO 2 Z3I0A 2023E 1t 2024E 0 Y, 29 23} MUIX|Al QA= AB2E RHEISHO

RICHSIACt. =&t H0[2{A CSNVO| CHaH 20234Ent 20244 2 K|9S THSIUXEE 25 ASHX|
LATHE 14.).

H 14, 23} HO[HA DUHZ H1}

RT-PCR Zi}

PN AL AMEAZ CSNV
oy 2023 5 0
___________ - 2024 30 0
- 2023 10 0
e 2024 30 0
17 2023 15 0
2024 60 0




(ME 2) ZeXY FQEB(HE, Li2, TEYO|) HIO|HA EEZXA

o

A= B0 S HiO|HA LAY ZALE Ao 20202 2024'A7X| EfE, FMO 1
RIS KHERXIOIN Al=S AHESH ZIHGIRACH 1 2 20208 BN Y=E710] TuMVZt
66.6%, d=s710= 20% ASHULL, UMz =571 40%, d==7] 16.6%7F A==
20210l= EfEHOIAM ds =7(0l CMVZE 100%, MSE7] TuMVZt 46.7%, 471 TuMV
100%7t dEEHUCH, JUUME d=x S=7101 TuMVZtE 100% A=A 2022E 2 2023F
Ol= EHHOIA HSS71 TuMVZt 100% ASERACLE. 2024H0= CMV S 45 HO|HA 2% HE
EIX| LUTHE 15.).

H 15. U5 HO|8A Z2UHE Zu}

RT-PCR Zi}

XS s MEAZ]  ZHEAE MV — YV SV
=7| 15 0 10 0 -
2020 7| 15 0 3 0 -
=y 18 0 0 0 -
=7 15 15 0 0 -
2021 S| 15 0 7 0 -
57 14 0 14 0 -
=7| 15 0 0 0 0
Eff= 2022 7| 15 0 15 0 0
27| 15 0 0 0 0
=7| 15 0 0 0 0
2023 =7| 15 0 15 0 0
27| 15 0 0 0 0
=7 18 0 0 0
2024 =4 45 0 0 0
27| 45 0 0 0
=7 15 0 0 0 -
2020 71 15 0 6 0 -
XA 27| 12 0 2 0 -
=7 15 0 0 0 -
2021 =7| 15 0 15 0 -
= 15 0 15 0 -
2020 90 0 21 0 -
2021 89 15 51 0 -
sty 2022 45 0 15 0 0
2023 45 0 15 0 0
2024 108 0 0 0 -
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T OHIE Li2[0f YASH Ho|2A WY RAME floH 2020F2H 2024ENK| L5 L] Xt
XM AIRS XTSI TISIZCE 1 2D 202001 4= =7(0 LMoV 100%, CMV7t 3.3%,
MES7|0 LMoV 80%, LSV7t 33.3%RCH, MSZ7|0= PLAMVZt 43.3%, LMoV 46.6%,
LSVZt 33.3%%UCt. 2021E0= 471X HiO|2A 2T LMGEK] don], 202290= MSE7|
PLAMV 27.7%, CMV 44.4%7} HAEZACE. 4L 7|0l PLAMV 5.5%, LMoV 55.5%7t HEE
ATt 20231} 2024E01= PLAMV S 4Z HIO[2{A RE HET|X| UUTHE 16.).

LT

J

B 16. Ue] HOlHA ZLHE 21t

RT-PCR &t

X4 A d=|A71 AHEAM=
PIAMV LMoV LSV CMV
E) 30 0 30 0 1
2020 7| 30 0 24 10 0
=vj 30 13 14 10 0
E) 10 0 0 0 0
2021 7| 10 0 0 0 0
=vj 10 0 0 0 0
e 18 0 0 0 0
48 2022 a7 18 5 0 0 8
=vj 18 1 10 0 0
e 20 0 0 0 0
2023 7| 20 0 0 0 0
=vj 20 0 0 0 0
e 20 0 0 0 0
2024 &7 20 0 0 0 0
=vj 20 0 0 0 0
2020 90 13 68 20 1
2021 30 0 0 0 0
A 2022 54 6 10 0 8
2023 60 0 0 0 0
2024 60 0 0 0 0

OMXZC = 1100 Lph BiO[HA Ll RAS floll 2020HFH 2024 H7K| EHH, 2A
Of NFHO0| XHEAXIGIAN AIZE RESIO TTSHCH 1 Znp 20204 MM MSE7(0 CMV7t
20% HECUCE. 2021EFE 2024E7HK| BEY, X RE CMV § 439 HIO|I2{A= HEZX| ¥
UCHE 17)).



IT
i

17. 1F40| HiO[2{A EUHZ 21t

RT-PCR &t

A 8s d8W mBME oy TuMV ™MV AMV
| - - - - 0
2020 =7| 5 0 0 0 0
27| - - - - 0
%7 5 0 0 0 0
2021 =) : 0
=) - - - - 0
s =7 5 0 0 0 0
2022 7| 5 0 0 0 0
=) - - - - 0
ES) - - - - .
2023 =] 15 0 0 0 -
=) - - - - -
ES) - - - - .
2024 =] 15 0 0 0 -
57| 15 0 0 0 -
ST - - - - 0
2020 =7| 5 2 0 0 0
=) - - - - 0
ES) 5 0 0 0 0
2021 =] 5 0 0 0 0
=) - - - - 0
Ev 5 0 0 0 0
MY 202 3 - - - - 0
57 4 0 0 0 0
ES) - - - - .
2023 =] 15 0 0 0 -
=) - - - - -
ES) - - - - .
2024 =] 15 0 0 0 -
=) - - - - -
2020 10 2 0 0 0
2021 20 0 0 0 0
sl 2022 19 0 0 0 0
2023 30 0 0 0 -
2024 45 0 0 0 -
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4 ®e

(Q HMI3M|IE A :

(A1 1) It Hloj2{A

b ZAIZE2
git 2, &
Lt A2

TSWVZt 2023 &&, °|I1|01|A1 100% 2

ZEXY F7r2e Hio|2A LU BEZAD

t

y REEA

20201320241, ZAUAE LK% 107 MS(X, E0KE, 90|, BE, 20,
Rul2, 44, 3ehe
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