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This study researched the current occurrence status of viral diseases of solanaceous crops in the main produc-
tion areas of Gangwon region, for four years from 2014 to 2018. From 2014 to 2018, in eight cities and counties
including Chuncheon, CMV, BBWV2, PMMoV, TSWV, and PVY occurred in chilli peppers. In case of tomato, the
research was performed in 2017 and 2018 while TSWV and TYLCV were verified in Chuncheon, Hoengseong,
and Cheorwon. Especially, TYLCV occurred in Chuncheon region for the first time in 2017, which was verified in
2018. Lastly, the current occurrence status of viral diseases of bell peppers was researched in seven cities and
counties like Gangneung, Hoengseong, and Cheorwon from 2015 to 2018. In the results, CMV, BBWV2, PMMoV,
PepMoV, and TSWV were verified in bell peppers of Gangwon region. During the research period, there were
no crops suspected or infected by BWYV, so that it is judged that there is no villiferous or infected aphid by this
virus in Gangwon-do. Such results of this study could be used as the basic data for the stable production of
crops through the early prevention of plant diseases occurring in the solanaceous crops of Gangwon region.
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Fig. 1. Morphological characteristics of pepper: CMV(A), BBWV2(B), tomato: TYLCV(C), paprika: TSWV(D).

2 Wo] L vlo|zy AR A 2008 (Kim S, 2009) I 20091
(Chois, 2010)2] A% Cucumber mosaic virus (CMV), Tomato
spotted wilt virus (TSWV), Tomato yellow leaf curl virus (TYLCV),
Broad bean wilt virus2 (BBWV2) 5 4= X 115}9ith 201449 %
B 2018U7HA] U= 7HA | AFEof 71 gho] TAYgt Blof= &
S A] Cucumber mosaic virus (CMV), Tomato spotted wilt virus
(TSWV), Tomato yellow leaf curl virus (TYLCV), Broad bean wilt
virus2 (BBWV2)9 om, EntEREH 9| 2l A (TSWV) &= £
kA dd|(Chatzivassiliou 5, 1999; Jones, 2005; Ullman 5,
1993; Wijkamp$2} Peters, 1993; Wijkamp 5, 1993, 1995), E0lE
FIAD Bl A(TYLCV) = FHl7hol7t 21 vi7lste, &
A, T 2 HE AHE s etk S 71 FHeke] o=
Hho|H A S w7l sh= vh7l5-0] S7FstaL 7 Aol A By sHA] ¢
9 Hholgfa W TS ujd AEA el Qlok 1 o2 EviE
ot gutol2 A(TYLCV) = AL7]&0] W Fe=oA=
HHlj7hRo]e] dFo] B7hs skl BAYSHA] kANt 20179 &
AX ] 2|22 WAL sHlET o odLE E 722 B
ARl A) 9] A Aul] Brofl HEA o2 dEtt BEFo] Aot
ol 9L ozl Ao 2 wehgk

SH= 7 2HE AR Hof| @AY= vho2| ARe] FF-oF
TRAFES vttt 22 vhol2| Aol ot wjsE AR 4
W Qe 83 7|2 A=t 22y FEAS 7RI A
of W& F= HiolH 29 FRet BA EA S g A+
7} o] FofR|A] ot sA@ N HA A = gl3iet whebA
20143 58 2018 A7HA] 73RS 71A] 3} 2HE¢] EvbE, 15, gt
L7kl WASH= vlol# A9 Fi, BA 9 A9 x|

gt 2AFATHE B 15131 A} g,
Mz H 2

EARIS W AR M. AT AEE o s 9%, 2ot
E, shejrle] St Hlolg o] FRE AP $13) 2014

A, B4, Y, 3, G B T 2 BA UA, )olA
131314, EvLE 407, 9287} 488 5 % 2197, 2016 1
Al @A =4, T4, 2, 3, 1 B S B, BA
A, a/g)ollA A5 2547, BEntE 227, 22 e)7t 667 5 & 342
3, 2017 770 AlH@A: 4, B4, Y, S 95 e BE,
Ao A EntE 954, 5} a]7} 1194 5 = 2147, 20180 37
Al (GA: -, F G5 4S04 EntE 347, whza}z) 25
A T F 5989 vholH A 4T A RE R sHITHTable 1-3).
T2 697 E 9¢¥ Atolofl AAEFAL 22| A-E9] 9lof ek
L ulo]gA WAL Loto 7 Vsl 7o) QAlEL e =
4o 2 st lchFig. 1). Z12F A wiet violg| A WA =7 o
2 A& Qe LA stk

ZRX| Hio|2{A BEXHE. 201495 2018W71A] 2L
Aol A LT 7FA| 3} A vpol# 0] T 7 A HE R of|
vpo| A7 A=A E A5 THFig. 2).

oA HFE vholg A FAA EE RT-PCR
WS o]-&sto] HiolHAE HASITE A ARE AlRE 1.5
ml EHo] 1 cm X 1 cmA7|2 AE Z uld3t & easy-spin™
[DNA free] Total RNA Extraction kit (iNtRON Biotechnology,
Seongnam, Korea)E o]-§5Fo] A4} oo whet E2& st
gom Zd AEAA AA Hiks Ed S W FEES A
Thol] ol g-3hgick 2} ZItel A ulolj 2] So] Zetoln)
L5205 TR AU A2H E ko)A TRl Le}
o|HE AH&5FR 21, Table 42} Zrth PCR 24 FH2 20 pl
2 1 X AccuPower® PCR Master Mix (Bioneer, Daejeon, Korea) 2
ul, Forward primer (10 pmol) 1 pl, Reverse primer (10 pmol) 1 pl,
RNA 2 ul, DW 14 pl2 BHS-AIFH T

RT-PCR 2712 55°Col| 4] 3042, 95°CollA] 104 GAA} BE-S-
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Table 1. Occurrence of different viruses on pepper in Gangwon province

Result of RT-PCR

Region Year i
No.ofspecimens -\, BEWwyv2  PepMoV PMMoV  PVY  BWYV  TSWV
infected
2015 15 11 9 0 0 0 - 5
Chuncheon

2016 46 0 42 18 - - - 34

2015 24 16 22 0 4 0 - 7

Gangneung

2016 53 14 53 9 - - - 42
Sokcho 2015 12 6 6 0 0 0 - 12
2014 16 10 5 0 1 0 0 -

Hongcheon 2015 16 1 13 0 4 1 - 1
2016 38 4 35 5 - - - 29
2015 22 13 14 0 6 4 - 14

Pyeongchang

2016 26 1 23 6 - - - 24

2014 30 29 2 0 0 0 0 -

Yanggu 2015 15 13 10 0 4 0 - 7
2016 27 0 1 3 - - - 13

2014 45 32 4 0 0 0 0 -

Inje 2015 15 13 10 0 4 0 - 7
2016 26 1 18 5 - - - 14

2014 31 29 2 0 0 0 0 -

Goseong 2015 12 5 5 0 4 0 - 4
2016 38 0 38 0 - - - 38

95°Col| Al 10&7F denaturation 3=, 95°Coj| A] 30%, 57°Cof|A] 40
%,72°Col| A 45 2 3532 R3P5} L TbLCV (Tobacco leaf curl
virus) &+ TYLCV= 95°Coj| 4] 357t denaturation £, 94°Co]| A 20
%, 55°Col|A] 30%, 72°CollA] 1822 353 Ao 2 AYPsch
PCRo| &t= = 2} 4H=2 1.2% agarose gelo|A 7|95 &
o ZHelol 8 Selsi e,

Zot e oF

A TN WY volei 2 wYopy 24 S
918l 20149 7€ 2016A7FA] =3 5 871 Alete] LA u <] o] Af
ARE st A=, A9 HdAES B 2014d0] T3
2 CMV 62.5%, BBWV2 31.3%, PMMoV 6.3%%1, PepMoV, PVY,
BWYVE AEE]X] oottt kL= CMV 96.6%, BBWV?2 6.6%, PM-
MoV, PepMoV, PVY, BWYVE= AZE|X] ¢Fkth QAo A= CMV
71.1%, BBWV2 8.8%% 1, U A] Hfo|g A= AZEA] kon,

=N

1442 CMV 93.5%, BBWV2 6.5%A.L <142} m 1A & U 2]
Hho| A= HEEA] oth 201592 CMV 5 659 Hlo|2| A&
o s 23, 45 5 87l AGollM =AEIG Ak A3t 234
& CMV 73.3%, BBWV2 60%, TSWV 33.3%2 LHEFE, PepMoV,
PMMoV, PVY: AZE %] g9ttt 72| 2o) A= CMV 66.6%,
BBWV?2 91.6%, PMMoV 16.6%, TSWV 29.1%%..1, PepMoV, PVY
L A2ER Gk L322 CMV 50%, BBWV2 50%, TSWV 100%
2 UG, PepMoV, PMMoV, PVY:= AZE|x] oFgtth 3o
CMV 68.7%, BBWV2 81.2%, PMMoV 25%, PVY 6.2%, TSWV 68.7%
2 eI PepMoVi= HEEA] gt BAol A= CMV 59.1%,
BBWV2 63.6%, PMMoV 27.2%, PVY 18.1%, TSWV 63.6% 2 L}eFyt
31, PepMovel] ZHEl Al 1%tk 9} QA1 CMV 86.6%,
BBWV2 66.6%, PMMoV 26.6%, TSWV 46.6%%.21 PepMoVek
PVY= HEEA EAdth vixge = 1140 4= CMV-BBWV2
41.6%, PMMoV.TSWV 33.3%$3L ¢14|9} ubx7}2] 2 PepMoVet
PVYL AZER] oFgreh npxeko 2 20160 CMV 5 429
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Table 2. Occurrence of different viruses on tomato in Gangwon province

Result of RT-PCR

Region Year No. of
specimens ToCV TYLCV TbLCV TSWv TBSV
infected
2015 18 0 0 0 - -
2016 8 0 0 0 - -
Chuncheon
2017 42 0 25 0 0 0
2018 34 0 1 0 31 0
2017 13 0 0 0 4 0
Hoengseong
2018 7 0 0 0 5 0
2015 6 0 0 0 - -
Cheorwon 2016 8 0 0 0 - -
2017 16 0 0 0 14 0
2015 16 0 0 0 - -
Hwacheon
2016 6 0 0 0 - -
Yanggu 2017 24 0 0 0 0 0

dholg| 2o tiaf] &4 5 770 A Qol|A] vlolg A HHES £AL
3l 1 A3t 2 o) A= BBWV2 91.3%, PepMoV 39.1%, TSWV
73.9%2 VERIT, CMVE HEE R 3ttt 722 CMV 26.4%,
BBWV2 100%, PepMoV 16.9%, TSWV 79.2% = Att=|glom, &
-2 CMV 10.5%, BBWV2 92.1%, PepMoV 13.1%, TSWV 76.3% =
UERTh B3R 92 CMV 3.8%, BBWV2 88.4%, PepMoV 23%,
TSWV 92.3% & UEbar, Lol A= BBWV2 40.7%, PepMoV
11.1%, TSWV 48.1% 2 e, CMVe] 8% A8 AZE R
ororrt. Q1A= CMV 3.8%, BBWV2 69.2%, PepMoV 19.2%, TSWV
53.8%2 LtERFOom, npx|ubo 2 1142 BBWV2.TSWV 100%2]
&S B3, CMVe}E PepMoV= A=A gt 97 X4
oA AFE vl A 47t AA| FA HTh =2 Xo] Q=T
o|AL B EHE A&7} 7] wZolth(Table 1).

EOLE. EnkEcA] @At volel 2 M4 2412 913
20154958 20187k £ 5 57 A28 Enkz AR
A ARE Astol vrolei2 FHS shic A A9 7Y
£ 87 201513} 2016¥lol = 4, A9, A ToV 5 3
F9) EubE vhol 2ol 4 ths) AL skl 3749 A9 w
5 uholeart AE A gheleh 20170l £, P4, B9, F
FolA] ToCV 5 53| Eupzntoleizo] et 749 o2& 24}
Shick 71 @2} F 7 AT 3749 Aol vholef 27t B

E otk A HAR ZHA G A= TYLCV 59.5%2] T HES B
I U R] vholg A= HEE A Gkt B2 TSWV 30.7%= 1+
EPSEAL ToCV 5 U z] 4359 vlo]g| A WhAshA] gkgkom 2
U AT} 7R 2 TSWV 87.5%2] &2 Hel vhdH o2
Hpolg A= XS] A] oFqtt. mpx|ute = 2018l = &4 X<
A TYLCV 2.9%, TSWV 91.1%7} XtkE]gl o1 ToCV, TbLCV, TBSV
 ASHA ¥tk Bt vlolg|A A& HH 53] &3
AL 73 = AL7]0] Rol Fulj7Fo| 9] ¥Fo] E7153H
o] 15 %E TYLCVY] o3t 7HE-2 gitkal AAFAR mijd o] 4dar
2ol A&HO R Q8| AFH o= Y5 FHrtFol7t =
Az o5 55 Blolg|AE Bug & AFdFE
HAA 201790 = Y=o A= 2% 2Hgo] FI=]9ict 2018
o Zrgo] ERIFFL 7|22 vjd LE=TE E XFo &2
= S8E9] SAFE 7o) o B 2 TYLCVO] thgt 2|42 7+
A7 2R3 Ao 2 AzE=Ech(Table 2).

otzg|7) ZYE ghxa)zh A AR el R o A gk vholy
2R 2AHE 918) 2015378 20184717 35 5 870 Al

29| A2E Aol volel2 RS Shsick A= Ay
GBS AN 201550 4T, B4, BUIA BWYY 5
of spszelzt wpolei 2ol M ) 3L STk 1 An A4S
A= CMV.BBWV2 75%, PMMoV 50%, TSWV 68.7%2] ZEE

o
flo 2 ofN oy
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Table 3. Occurrence of different viruses on paprika in Gangwon province

Result of RT-PCR

Region Year No. of
specimens BWYV cmv BBWV2 PMMoV Tswv PepMoV
infected
2015 16 0 12 12 8 11 -
2016 19 0 0 0 0 12 -
Gangneung

2017 33 0 15 31 - 12 28

2018 6 - 0 3 - 3 0

2015 12 0 8 7 2 4 -

Hoengseong

2016 12 0 8 7 2 4 -

Pyeongchang 2017 28 0 3 0 - 0 0
Jeongseon 2016 6 0 3 3 0 5 -
2015 20 0 13 12 2 0 -

Cheorwon

2016 17 0 0 0 0 14 -

Hwacheon 2016 12 0 0 0 0 0 -
2017 26 0 0 0 - 0 0

Yanggu

2018 19 - 0 17 - 18 0

Goseong 2017 32 0 0 0 - 25 0

Bk A A= CMV 66.6%, BBWV2 58.3%, PMMoV 16.6%,
TSWV 33.3%2] &S EH3 HYoA= CMV 65%, BBWV2
60%, PMMoV 10%2] 7+¢ % Hol= Ao 2 Attt 2016
doll= A5 B4, B4, A, 3PHoflA BWYV 5 559] whzg]
7} vtol] 2o A tisl A4S stH=Tl S-S ARt 4719 A<
oA vielgjA7t HEE U A HA = Ao A= CMV 66.6%,
BBWV2 58.3%, PMMoV 16.6%, TSWV 33.3%2] 1 EE2 By
o 20159 n7HA| 2 BWYVE AEEA] Gtk AX
2 CMV.BBWV2 50%, TSWV 83.3%2] ZH&<S B¢ BWYV
9} PMMoVi= AEH A &t 2453 oA ohE Hiolg
AL AZER] &I TSWVEE 63.1%, 82.3%2] ZHEES HY
t}. 20170l = 22, W3}, oF L Aol A] BWYV, CMV, BBWV2,
TSWV, PepMoVe] thgt Hiol2ix o5 ZASIG =T %
T-5 ALl 37| Hoj|A] Hiol#|A7F HEE T ZHFolAlE CMV
45.4%, BBWV2 93.9%, TSWV 36.3%, PepMoV 84.8%2] Z+AES
Helok B3 o A= CMV 10.7%9] ZHEE7 Yepstar, U] vt
ojgiAE HEEA| Fokth Aol A= TSWV 78.1%9] ZEERt
Rk npxjatko 2 20180l = 753} F-olA CMV, BBWV2,
TSWV, PepMoVe]| thgt viol| A o RE A= 45
< BBWV2.TSWV 50%9] A dE= BAL FFolA= 25 vt

714 2 BBWV2 89.4%, TSWV 94.7%2] 7H 8- 1 gt} 20154

HE 2018W7HA| mhz2)7} uol A S X“%‘SP—‘E S BWYVO] £
o AE2 e ol Hholgiae ARE o o8 uilE= vhol
AR opF] Aol = BWYVE iR AR= 0] fiAL BWYV

of| ZHAH o|FF7} gl A S 2 who] Hrk(Table 3).
2R | Hio|2{A 2318 201435 € 2018@71A] 7+
Aol A AT 71R| 1} Ao &t 15, BEnkE, uhze7to)
A9 vpolzj A H“§°W°ﬂ gt BE4e 6P’ﬂt}(Fig. 2. 1FE
20149 EE 2016W712] 24, 72, 34, B3k, ok 017, 149
A vrolgf A o HEE AFsto] 542 B4 34T 201449
= 3, F A, /ellA CMmV, BBWV27E A8 L, 3]
A= PMMoV7t 7k WSS 20159 ZAPA =
2}, &2, 7F2o| A% CMV, BBWV2 7} dhAisg on, 7
K A, 2ol A= PMMoVZE =7k dAEt g o, 3, &
B, e TSWVE g7 gele] =itk PVYE= 2APIZE
FYEHA 20159 3, B AR Eelo] E9itt. 201619
735 B3, B3, A, Foll Al PepMoV7t 7R HE
om ok, QA B, Aol A= TSWV7E S7F2 Ejl0]
THFig. 2A). ENFELX 2017 W2 E 2018W71R] 4kl 24,

oSu.

7

o]
Z
Tl
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Fig. 2. Incidence of viral diseases on solanaceae crops in Gangwon

province, A: pepper, B: tomato, C: paprika.

A B
e -*zﬂl&-—u- 2478
B
Ay # - )
e |28 4 FLE]
3 W i LiE g ) S22, """;"\ﬂ? =
:: \ -':' i o < vds
22 P o8, )
‘ﬂ_..;'.".i... o= S JShE LR
wiz e L5l 2 o »‘.:Ii'...
[ - yu@ & C
uF { P e +a X & Berrrig
T a7 sl
C Virus Color
-
R 248, v .
e Sa BBW\2 ©
] PMMaoV O
S0 o=
] = PepMOV .
- “uf‘" : =
2 LT R TSWV O
Buz | """"‘.g; !
A - %I ™oV ®
EE PVY

B, e 2A8Ee] 2017302 S5 TYLCY, 4 2e2
TSWV7} 2R8It 2018 0ll= F ol ATt TSWV7E 2712 o
Q1] =|1eHFig. 2B). npx|2ro 2 whze)7h= 2015137 20184
7 7S B2, B A, B, L A 2AHE Stk
2015401 745, 84, Aol CMV, BBWV2, PMMoV7} ey s}
FEH, 735, B/dIA= TSWVE F71=2 BAgstgich 2016l +=
735 o= PepMoV7} 22712 WAYSS] 0 o, 33doll A CMV, 317
off TSWV7} Algt2 TSI whx|ete. 2 20181300 = 419
ol A& vhoj2| 27} 2elo] Hgl=t| A vho2i A 2= BBWV2
o} TSWVSITE. Aol Al CMV, BBWV2, TSWV7} eagstgom, &
Yol A= TSWV7E F7b2 Eqlo] = int(Fig. 20).

o O
R |

AR 7IR| 2 ZHE FAR A 20148 5E 2018E7H4] 4
B2 7HR 1} ZHE) vho|H A MAAZS AT 1150
A= 201495 E 2016 E7HK] 23 5 871 A|oll A CMV, BBWV2,

Table 4. Primer sets used for amplification of solanaceae crops virus in this study

Virus Primer name Sequence(5’-3’) Product size
CMV DP u1 CGTCGTGGTTCCCGCTCCG
[@v\% 690 bp
CMV DP d2 AGCGCGCATCGCCGAAAGAT
BBWV2 1-Tu AAACAAACAGCTTTCGTTCCG
BBWV2 380 bp
BBWV2 1R GCCATCTCATTGGCATGG A
PepMoV u1 AATGGCACGTCCCCAAA
PepMoV 705 bp
PepMoV d1 TCTCTCTCATGCCAACTACGA
PMMoV 6F CAGTTTCCAGTGCCAATCAATTA
PMMoV 456 bp
PMMoV 6R GTTGTAGCCCAGGTGAGTCCACTC
PVY N40 GCATACGACATAGGAGAAACTG
PVY 550 bp
PVY C10 TATGATAAAAGTAGTACAGG
BWYV 95F CGAATCTTGAACACAGCAGAG
BWYV 690 bp
BWYV 784R TGTGGGATCTTGAAGGATAGG
TSWV 6F GAGATTCTCAGAATTCCCAGT
TSWvV 459 bp
TSWV 6R AGAGCAATCGTGTCAATTTTATTC
ToCV-M-4F AGAAGATCCGCGCTAATGCTAA
ToCV 479 bp
ToCV-M-4R GGTCATCTTCCCAAACACGA
tylev 1f GTCAACCAATCAAATTGCATCCTCAA
TYLCV 712 bp
tylcv 1-2r GTCCAAAATCCATTGGGC
hywv 1f GTCAGCCCTAATTTGAACGG
ThLCV 779 bp
hywv 1r AGCTTGTTCCTTAGACG
TBSV 2-F AGGTATGTTGACAGGGATGTC
TBSV 898 bp
TBSV 2-R TTGCCAGGGTACATGGCCCTG
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PMMoV, TSWV, PVY7} BF8E|QiTh EntE L 201737} 2018 %
AHE AAISHET 3, B4, FYollA TSWVeF TYLCVZE kel
o] E}lt}. £3] TYLCVE= 2017 EHX[HoflA] 2|22 T E o]
20180 &= SRIF ). vpx[efe 2 shxzt DY ES 2015
YUHE 2018W7HA] 2, 314, Y S 770 A|2oA] ZAFSE A4
slgich o1 Ax} 7R gz elzlol| A= CMV, BBWV2, PMMoV,
PepMoV, TSWV7} E¢lo] =9Itk BWYVE ZA|7E B¢t o]4l%
A AT 2 ERIEA] b=t ol oFA7IA] =] o] vt
ojg]2of thgt o+ & HES 3 RE] Yl Aoz At
t} ojo} 2 AL AN S Fof ALA G 7R ZE ol WSt
Hpo|H A ] 27 WA = QMg A1 2284 T} JA oA ==}
EEEEE S A2 7| EHH:
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