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During 2015-2017, we surveyed the incidence of viral infections of tomato and paprika growing in green-
houses in Cherwon province, Korea. In 2015 and 2016, we collected leaves and fruits from tomato and pa-
prika plants growing in greenhouses. We detected viruses in the samples collected using specific primer sets
for Broad bean wilt virus 2 (BBWV2), Cucumber mosaic virus (CMV), Pepper mild mottle virus (PMMoV), Pepper
mottle mosaic virus (PepMoV), and Tomato spotted wilt virus (TSWV). We detected PMMoV, CMV, and TSWV
in the samples, and CMV and TSWV were the most prevalent. For the prevention of future viral diseases, we
then surveyed the routes of infection by these viruses in tomato and paprika plants growing in greenhouses
in Cherwon province in 2017. Leaf and fruit samples were collected from seedlings and crops two and four
months after transplanting into greenhouses. As a result, we found that TSWV was transferred from seedlings
to plants, and outbreaks of the virus occurred at the early stage of cultivation. On the other hand, we found
that CMV was a virus indigenous to the soil of some towns in Cherwon province, and thus outbreaks of this
virus occurred at the middle stage of cultivation.
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AHezqt dHA oy, YEEAAGe s AL WS &
3, AE2 ¢ o 558 7]-? Aoz B Y A 1
AEo] 52 sHA ol AlEH vilshs 5y F49
A= W2 sl ‘?Pﬂ} Aoz dA U 18
U 715sl2 9la) 2014¥10] 1o7] kol YIRS Hom
YR BTt A Akt A4 E4e UL, Polymer chain
reaction (PCR) A&7} 8- AR} B AL o] 8351 A1EH 9]
218 ulolst Ay}, @o|RA}o|Fulo]E 2 (Cucumber mosaic
virus, CMV)o]| &J3t vlo]2] AH 12 81513l om, o] = A
oA Ao 2 HirgE Abglo|oh ol A Hart
o] o]

CMVE 7|53 917L o9 WAL, 71418 S o5t oy
AT 2 a3l olg Axto] 7H5alo] olg] Fa 24E
o Acket AAH £AL oplah volgaz, W AAH o2
Bxaii glor ojn] Saluee] YR R|oAE dpaEo]
Ez31E|9iT) (Cho 5, 2007a; Choi <, 2005; Francki 5, 1979;
Palukaitis2} Garcia-Arenal, 2003a, 2003b).

2 A= MV HES AI7| 2 5o, AR Hof| #3235} = v}
oL FHE RARL 1 F $HS ok Gl R4 vlolH
9] §19) A2E shotsp] 913) Setetel s A7} 52 9
£ Hpo|Z 291 T Futd =rbEuto|2 A (Pepper mild mottle virus,
PMMoV), Eafjuld & &M 1z} o] T H}o| & X (Tobacco mild
green mosaic virus, TMGMV), CMV, Z15YE0}o|2 2 (Pepper
mottle virus, PepMoV), 29| ZH8}o]# A 2(Broad bean wilt
virus2, BBWV?2), EntEREE ¢ Zu}o]2 A (Tomato spotted wilt
virus, TSWV)E Z3}3t 16£2] vHlo]8]AE Z(Choi 5, 2002,
2005, 2010; Im 5, 1991; Ji -5, 2008; Kataya &, 2008; Kim 5,
1990, 2011, 2012; Kwak 5, 2013; Lee =, 2004; The Korean
Society of Plant Pathology, 2009), 113=0]| W3} = 5% 9]
RNA H}o|2]A(BBWV2, CMV, PepMoV, PMMoV, TSWV)Z thA}

Lroo =
'ﬂ__x_:'_

© 2 3}od(Cho 5, 2007b), 2015 EE] 20167 AL =]
T IR shzeistel Bnkg o) upolgany Wy ez
AHE A3kt 201790l shze)7kel BnlE S1, F4] F
7], 283 A4 T7)0] 220 o3} AL A R5ke] - AHskT
e Fa ol Ao] fl7 2ok &S BAfstat dch

Mz 3 e

MRS U AR RE. AJH 5H2 A EvpE e} ulaze]
7He Fe = AR Go o] FY= o EASIL Sl= Hlol
A0 P32 2 AVE] L8, 20155 E 2017d714] HYR
o] 67l F/HE S, THY, A%, Fo S AW, YD)
9] 575 WEsto] stk 2015\ = 2057 ol A] HE
olgiAy o] o4lE= EntE e} uhxe}zle olut Hils
3gsto] F 12971 Al =5 AHR8HaL, 2016\ 0] += 20151 Xj
A& 5742 Zsto] 32%7 oA & 2977 AlRE AW
CHTable 13} 3). 2017 @)= A7 (S H, BAF7], BA%7])
2 o] R oFaL 17t - 49 AF-s7ell A 2 78971
A B (S5 4807 A| &2/48%7}, AAZE7): 1927 A| &2 /46%7},
AAS7): 1177l A|&/33%57hE -5+ cHTable 13} 5). 2015
ol CMV, TSWV, PepMoV, PMMoV2] &= 40| tj3t ufo]2]
2 HAFE AAEFE L, 20162017 0] = 20150 AAKSH4E
vlo|g Ao dX] 57129] BBWV2 HALR A2 whol BBWV2E &
7Fste] & 55l et Hiol2| A HAFE AAISHATE A2 A
Al7]= 201533} 2016\ 0= 793¢ 9ol AA XY=,
2017d0)l= S8 28R E 58, A4S skl ST
B AYF o]% 270 EA)= 647 E 748, AAST(FAS7] AR
o|% 271 ¥A)= 8L FE 9del AA A& XYsIt A=
AR WL S 7o vlo|AH o)A BAL Ho| oS
Zse] LA 10744 S QPstaoH, F457] &

Table 1. The number of greenhouses for growing of tomato and paprika in Cheorwon province, Korea surveyed in 2015—2017

2015 2016

2017-Seedling 2017-Middle 2017-End

Region

Tomato Paprika Tomato Paprika

Tomato Paprika Tomato Paprika Tomato Paprika

Cheorwon-gun

Galmal-eup 2 0 2 1 10 10 1 9 1
Geunnam-myeon 2 2 2 5 0 0 0 6
Gimhwa-eup 0 2 0 2 0 0 0 4
Dongsong-eup 2 3 4 4 8 13 8 13 6 5
Seo-myeon 2 3 3 5 0 0 0 0 0 0
Cheorwon-eup 0 2 1 3 3 0 2 0 2 0
Sub-total 8 12 12 20 21 27 20 26 17 16
Total 20 32 48 46 33
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S7)0l Hiolg A o = o4l = HAS Uel= ErfES}
z2|7}e] oy A ARSI S 7 o F, A& A
7} 571 Al shg-2mttt Hholg A o4 WA o ol &
gt A& Q2 HeE 10702 SeHA] otk FA5 7)ol
467) “s7tol| A vholziA W& Hol= AR E A-sta o, 3
A127]00= 337 B7toll A Blolg|A WAL Hol= AlRE A

ZstSich(Table 1). vRol2|Any WY 2 Az o] 225 93 &
2 57HE HESHY 2714 39 RS JPsigl o, FAE
712 245, olu] violg A WS I A U2 57HEY AR

AR 27 B2 255 A 5747t Es0

Hol2A HE. {32 A (RT-PCR)= ©-§-5}o] violZ]
2 AL sHlnh AT Al (Q T ) E AAEALE of&
3f] E23+ &, Total RNA Isolation TRIZOL Reagent (MRC, USA)
£ 0]83}9] total RNAS 3=Z3}%ithKang 5, 2016). L]l
cDNAE §443}17] ¢J5}ed PrimeScript Reverse Transcriptase
(Takara Bio, Japan)2} Random primer (NNNNNN)E 0]-&-3}
o] cDNAS §HA15199 a1 Takara Taq™ (TakaraBio, Japan)i} 5%
9] Hpolz|2of tigt So] Zeto]w(Table 2)F ©]-&3}of PCR
2 3}tk PCRY| HH-E Z7-& CMVY} PMMoVe] 79, 94°C, 1
1, <94°C, 30%; 50°C, 40%; 72°C, 17%> 35 cycles; 72°C, 10,
BBWV22] A2, 94°C, 18 <94°C, 30%; 58°C, 40%; 72°C, 1732
> 35 cycles; 72°C, 108, TSWVE] 7%, 94°C, 18 <94°C, 30%;
52°C, 40%; 72°C, 172> 35 cycles; 72°C, 10, 18] 11 PepMoV
o] A2 94°C, 18, <94°C, 30%; 54°C, 40%; 72°C, 17%> 35
cycles; 72°C, 105-0]H, Z} PCR AHE-2 1% agarose gelof| A &
7196 wysto] vholg & Y oS SISt HEH
PCR A& A7IAEEAS B8l 25 Bholg s 37 o 7
53Tk

it
to

Table 2. Primers used in this study

g Nty

201520161 EOIEQ} DI 2|7} HIO|2{AE YA X AL,
HYA G A4 3F-20f| 4] Aufts EnfEel shxejztE o
4o 2 vfolg| A WY @Sk} 49 vho2| A9 FRE 2A
317] 93le] 201583} 20161 797 E] 9U7IA] HY2] 671
o] F/Hof &7 st EntE e} shxelzt Al s7to A AR
£ AFstict 2015\ EukE Rl 571 83Lo A A Al
F 477 FoA vhol A Y A BE AP, ThZ )7} Aul
s7F 12200 A AR A& 8271 FollA] vlolH A ZHd AR
757} % tH(Table 13} 3). 201630 = E0lE %7} 123204
g 2709 A7 Fol| A 3070l A Blolg| A7 HEE 0w, ot
a7} %7} 20304 YA 255702) A& F ulo|g ATl A
4 AEE 23870%(tH(Table 13} 3). o] & Edf& 3}, 2HE
H vpo] A AR 7HEE-S B4 23t 201540 5 452 vt
olHAE Hgsto] EntE= 87.2%, T} E|7}= 91.5%2] Hlo]
HA FHES B9 oH, 201600 5% vho|HAE HA
Sko] EntEof|x] 71.4%, ohze]7to A 93.4%9] T HES BY
CHTable 4). vlo|g A F74E AL 43 Ak, 20159
£ EntE A8 FoA CMV THE-E-2 25.5%, TSWV= 38.3%,
PepMoV= 0%, PMMoV= 23.4%2, TSWVo| 2]3t ulo]z] At
o] WpAgo] &9kl maze]y} A Rof|A] upolzfA ZHEE-2 CMV
7} 50.0%, TSWV7} 12.2%, PepMoV7} 0%, PMMoV 7} 29.3%
2 CMVe] gt vtolAs WAo] =74 Uetith(Table 4).
201630)= ENFE 9] ol A HH-&-2 CMV 23.8%, TSWV
47.6%%.oH, ok a]7}o] uho|g A 7HES-2 CMV 45.9%,
TSWV 45.5%, PMMoV 0.8%, BBWV2 1.2%= L}eptHTable
4. QT ARE F, 45 B3 7ol AL, & A=
53 A HS Zvpolg| A ) Aol FEOE #U)5HAT

Virus Primers Primer sequences (5'—3’) Size (bp)
MV CMV CP-F ATGGACAAATCTGAATCAAC 654
CMV CP-R AGACTGGGAGCACTCCAG
TSwWv" TSWV CP-F GAGATTCTCAGAATTCCCAGT 459
TSWV CP-R AGAGCAATCGTGTCAATTTTATTC
2 PMMoV CP-F GTGTACTTCTGCGTTAGG
PMMoV 395
PMMoV CP-R TTAAGGAGTTGTAGCCCACG
3 PepMoV CP-F AGCGCTCAAGCTCAGACAC
PepMoV 437
PepMoV CP-R CATATTTCTGACCCCAAGCAG
" BBWV2-F CAGAGTTCAGTAGTTCCTGCTTATG
BBWV2 238
BBWV2-R GGCATTTCAACCCTGCATAATAC

YMun et al., 2008, ?Choi et al., 2005, ’Lee et al., 2011, ?Panno et al., 2014
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Table 3. Occurrence of viruses in greenhouses in Cheorwon province, Korea surveyed in 2015-2016

A.Tomato
Virus
Region MV TSWv PepMoV PMMoV BBWV2 Negative Total
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Cheorwon-gun
Galmal-eup 3 2 2 0 0 0 7 0 ND 0 0 2 12 4
Geunnam-myeon 7 0 5 8 0 0 0 0 ND 0 0 2 12 10
Gimhwa-eup 0 0 0 0 0 0 0 0 ND 0 0 0 0 0
Dongsong-eup 0 5 2 8 0 0 4 0 ND 0 3 7 9 20
Seo-myeon 2 1 9 3 0 0 0 0 ND 0 3 1 14
Cheorwon-eup 0 2 0 1 0 0 0 0 ND 0 0 0 0
Total 12 10 18 20 0 0 11 0 ND 0 6 12 47 42
ND : not detection
B. Paprika
Virus
Region CcMvV TSWv PepMoV PMMoV BBWV2 Negative Total
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Cheorwon-gun
Galmal-eup 0 4 0 5 0 0 0 0 ND 3 0 1 0 13
Geunnam-myeon 7 25 0 34 0 0 5 1 ND 0 1 3 13 63
Gimhwa-eup 0 21 0 7 0 0 0 0 ND 0 2 8 2 36
Dongsong-eup 7 22 8 10 0 0 2 1 ND 0 1 0 18 33
Seo-myeon 9 23 1 29 0 0 7 0 ND 0 2 4 19 56
Cheorwon-eup 18 22 1 31 0 0 10 0 ND 0 1 1 30 54
Total 41 117 10 116 0 0 24 2 ND 3 7 17 82 255

ND : not detection

(Table 33} 5). A} A3HE Ed|2 201597} 2016 9] 224
vlolg| Ar WAy o] S BASHH, EntE 9] 72, 201549
+ PMMoV7L HEE o 2016W0ll= HAo] HA] &k,
CMV &2 17%2 44sh3on, TSWV 4 a&2 9.3%=
S7Fe YEhSIo: whdof shze)zte] 79, 2015d0] H] )
20160l TSWVE] Z+g-£-0] 33.3%2 ZA $718+%aL, CMV

A AR AL, 2016 0)l+= BBWV2E 712 HAste] XS 7
S5 tH(Table 4). wh2bA|, 27t BRo|2f 2 MY Qb2 HH,
T 2=l A 2016 =0 TSWVe]| 2]t Hiolz|Ax ¥iio] |2
3] 271819, CMVo]| 93t B8 AE 744319 o1, PMMoV
+ A9 AR oSkth BBWV29) 7, 2015 ¢l= HE3t
A gFgkot 20160 5710 8o = AE7 A3, 4 57t

L 41%E 22 74431901, PMMoVE 28.5%2 W&ol 2 oA HEEICH

Table 4. Viral infection rate (%) in tomato and paprika in 2015 and 2016

Virus
Total
cmv TSWv PepMoV PMMoV BBWV2
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
Tomato 255 23.8 383 47.6 0.0 0.0 234 0.0 ND 0.0 87.2 714
Paprika 50.0 459 12.2 455 0.0 0.0 29.3 0.8 ND 1.2 91.5 934

ND : not detection
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2017 EOLE, DZ 2|7} HIO|2{ A LM XAHSE-HAS
7|--AIS 7). 2015d3 2016\, 2 E<F HYR| ol A 2] vl
ol AH] WY A%} EE}= vlolg|A 9 FRE AT
o}, 71 Ay}, CMVe]| O]t Hiolz] AR o M2 Tt IR Rt 2|
&2 o= o] Hgstar 91l om, HhHof TSWVe] &Jgt Hto]

2HE FEER MY IS & 4 Stk HY A
of S5t = CMVEF TSWVRlS BHelstelar, violzj
U] 49 BRE 2A) 943 2017def 27192

Astel uhola g Al @ §9) A2E AT 1 A,
FEolA EukE 57k 164 ARG AR 2107 FolA £
HAAZ Y2 vholel 2 4AS St Anh, FAARE 34
AG, shzel} 7} 273N AR AR 2707] FolA vt
ofe) 2 AN 2 57705 Table 17} 5A). B 415710l En}
& %57} 2032004 AR AR 817} FolA vholelx Nz
879, SRzt 357k 262004 ARG AR 117 A
Hol22: ZHA| R 427hTHTable 5B). 4157]e] Enp

A FRPAIA FHLS FH, GBS A E B7H 7RI AW AR 53] FolA Hhole s g R
N37)), HAF71O) AP 22 TR NES A2 & ORA, St 7} 16324 A AR 6470 FolA

Table 5. Occurrence of viruses in greenhouses in Cheorwon province, Korea surveyed in 2017

A. Seedlings

Virus
Region cmv TSwv PepMoV PMMoV BBWV2
TomatoPaprika TomatoPaprika TomatoPaprika Tomato Paprika Tomato Paprika TomatoPaprika Tomato Paprika

N Total
Negative

Cheorwon-gun

Galmal-eup 1 0 19 0 0 0 0 0 0 0 80 20 100 20
Geunnam-myeon 0 0 0 0 0 0 0 0 0 70 0 70
Gimhwa-eup 0 0 16 0 0 0 0 0 0 34 0 50
Dongsong-eup 2 0 1 41 0 0 0 0 0 0 77 89 80 130
Cheorwon-eup 0 0 11 0 0 0 0 0 0 0 19 0 30 0
Total 3 0 31 57 0 0 0 0 0 0 176 213 210 270
B. Crops two month after transplanting (middle stage)
Virus
Region cMv TSWV PepMoV PMMoV BBWV2 Negative Total

TomatoPaprika TomatoPaprika TomatoPaprika Tomato Paprika Tomato Paprika TomatoPaprika Tomato Paprika

Cheorwon-gun

Galmal-eup 2 0 1 0 0 0 0 0 0 0 38 3 41 3
Geunnam-myeon 0 0 1 0 0 0 0 0 0 0 11 0 17
Gimhwa-eup 0 0 0 0 0 0 1 0 0 16 0 22
Dongsong-eup 5 20 0 10 0 0 0 0 0 0 30 39 35 69
Cheorwon-eup 0 0 0 0 0 0 0 0 0 0 5 0 5 0
Total 7 30 1 11 0 0 0 1 0 0 73 69 81 m
C. Crops four month after transplanting (end stage)
Virus
Region cmv TSWv PepMoV PMMoV BBWV2 Negative Total

Tomato Paprika Tomato Paprika Tomato Paprika Tomato Paprika Tomato Paprika Tomato Paprika Tomato Paprika

Cheorwon-gun

Galmal-eup 0 3 0 1 0 0 0 0 0 1 33 0 33 5
Geunnam-myeon 0 12 0 0 0 0 0 0 0 0 17 0 29
Gimhwa-eup 0 7 0 0 0 0 0 0 0 0 7 14
Dongsong-eup 0 1 0 2 0 0 0 0 0 0 17 13 17 16
Cheorwon-eup 0 0 0 0 0 0 0 0 0 0 0 3 0
Total 0 23 0 3 0 0 0 0 0 1 53 37 53 64
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Table 6. Viral infection rate (%) in tomato and paprika in 2017

Seedlings Middle stage End stage
Tomato Paprika Tomato Paprika Tomato Paprika

cMvV 1.4 0.0 8.6 27.0 0.0 359
TSWV 14.8 21.1 1.2 9.9 0.0 4.7
PepMoV 0.0 0.0 0.0 0.0 0.0 0.0
PMMoV 0.0 0.0 0.0 0.9 0.0 0.0
BBWV2 0.0 0.0 0.0 0.0 0.0 1.6
Total 16.2 21.1 9.8 37.8 0.0 422

vlo]H A A EE 27719 tHTable 5C). A 40 —m= Tomato @ Paprika =—&—Total
20173Q% Z+ A7 A ZEE F 5% HiolgA AL *é

E0lEoA SH 16.2%, AA1Z7] 9.8%, FAZE7] 0.0%=Z L} g 30

Epton, otxalstol A SH 21.1%, FA157] 37.8%, FA%7] .§ 20

42.2% Ul TH(Table 6). Hlo2 A8 7 &2 4% 2 £ 10

T}, EulEClA] CMV ZHE&-S 1 14%, H4157] 8.6%, 34] E

B7] 0%0] T, TSWVO] ZHH-8-2 SH 14.8%, FAIZ7] 1.2%, £ ° Seeding  Middle o

A4]%7] 0%0]1L, PepMoV, PMMoVe} BBWV2= 2017 o] 2 = Stage

Z=A] goktHTable 6). Tzl A= CMVE] HHE&ES S

H 0%, ;S]é}%?] 27.0%, %4 A19-7] 359%0]1L, TSWVS] ZHa& B —8—Tomato --®-Paprika =—&—Total

© 21 21.1%, HAZE7] 9.9%, H2Z7] 4.7%°]|H, PMMoVe) o 100

ZHALL S W 0%, HAZ7] 0.9%, H2]37] 0%0]5], BBWV2 E 80

o] 7+8-2 21 0%, FAIZ7] 0%, FAE7] 1.6%C 2 e} £ 60

1o PepMoVi= 2017d¢] 7&=|% gekrhTable 6). 272 2w

2 20179 Z0 HolB AW WAL HE AR S22 BAS B 5

H, CMVE] 73$- A|7ko] A5 ZAE0] Z7FHT} 27 g 0

7 BUZS2 QA 38) 728k (Fig. 1A), TSWVE] 739 27 2 Seedling  Middle End

Stage

7} BURLS 328 7aste e BYTHFig. 18). F v}
olg) 2 BE 27| uho] Zhash AL vlolg s A RALS
shul A, Hholl At wiAo] Ego] © Ao Holn 27] WA

|
o &35l S84 BT 4= ARk

20174 xS (EOLE, D1Z2|7}) Hio|2{AH SUAR S
. 2015-20161 HUXHo] T8 WX 7Ql EnfES} upx
Y7tE SR 4-559 0 JiFHo|g| Ao Tk Hioly
21 AH|RANS AAIRE 23, Bf ol A EE 8 vholg A
= TSWVEF CMVYlS gH15H3aL, 27 CMVof| &Jgt Htol
2HE A A skl AT oA E] Ak glaz, vhEe|
TSWVol| o]t nlo|3 AHE F&51A F715l3ithTable 4). o]
o wz}, 2017 d9]| o5 F& Hiolg 2o thet {9 HE=E 1t
oFsr] Yl 27 Hio|H A WA FolE RAMSIG oW, 7
2718 QR A 2E FAA IS O 2 vho|g|AF FA%h

h 84

I~

Fig. 1. The number of virus-infected samples that were collected
from seedlings and crops two and four months after transplanting
into greenhouses in Cheorwon province, Korea in 2017. (A) The
number of CMV-infected and (B) TSWV-infected samples that were
collected from seedlings and crops two (middle stage) and four
(end stage) months after transplanting into greenhouse, respec-
tively. Outbreaks of CMV occurred at the middle stage of cultiva-
tion in the greenhouses in Cheorwon province. TSWV was trans-
ferred from seedlings to plants, and outbreaks of the virus occurred
at the early stage of cultivation.

A3k, TSWVE R4 2 FEE %L (Fig. 1A), (MVE S1
s AL AEHA gt BAS7Id F45H SAtElo]
21 9thHFig. 1B). 0]= EulES} ux )y} miof| A 7S oFARS:
Hook SH A A7l SEA 5712 =2 SHE R
292 Agste] vpolg A HAS A Aol L, YA
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B
20
30

o] SR HFE HeX o] SRAS SHE o] §5

9
=8

& ArolM= ARG TSWVel| et Hfof2i A2 e
SHAMFE o] e Fito] o] FoiR| AL Qa5 24l
3tom, 2017\ whol2| s AB|RALS XY, SH A=
ol A wholi A7t A& F7kolA vtols 2ol tigh 2|44
Ql TS fxgt Aaf, TSWVe] HEo] e sttt
(Fig 1B). 12{ut SRl A o] o] 7o ZRIA| T4 AF

A ZH4E FA7} AIQIAE B AFAE SelE 4 913,
BT AAS 99 B A7 Ha A0 2 Bk v
CMVE B HZ o] julstax|et 27157 ]o) 2 A
2ol F37) BAHES Sl itFig. 1), b, CMve)
79, SH7L obd 57holl A A Fo] A1 5h9-20] vholaix
o ooE WAZ 9 ARE 5 w7fEo] ot 2AUS AFke
= o] 3hito] o 2ol & 4 AIStHFig 1A). 23S =)
2 5o, AYX|Fof| A 20142 AR E 20154 2017
7HR] X440 2 CMVe] o] ufolaj2o] Bk gl ¢
2lo] x|edo] m2HEhEl Ao|9he-2 BHIa 4= Qlgich

2 Ao UKo vholal i W] Wt utolgy
2 5% gt AU Xeje FRsle] REE 2SI 1
A} CMVe} TSWY, 235:0] Hlolal A7t S48} 98-8 8l
SHSAL, CMVE] 74, EXsto] ot X14219] Z4S, TSWVe)

79, SRl o] o] o] RoiA T 9he-S B2t
A

O, GFF TYLCVE} ZH-2 DNA Hlolz| Ar o] H ko] tiet
ZAPFE Q3 Ao 2 Helth

2 o

AUA 9] Z4 FAF ErpE ol xS Ao 2
dhol@| 2 WA WIS ZAISL vhole|2Me] iRt WAS
913l 20159 RE 2017U7HA] A L8 FHEE RAL
£ AAISHAT 20159201600 = 7-9€ ol 3= XI3Y513
7, YA RE A 5H20 4 A3 gl wopz e} at
27ke] Qa} Alo|icy. Thxelslol wulE g wgets 71|
3} Bl 72 vlol2|2S Ao 7j 55| vlole el pep-
per mild mottle virus (PMMoV), Cucumber mosaic virus (CMV),
Pepper mottle virus (PepMoV), Broad bean wilt virus 2 (BBWV2),
Tomato spotted wilt virus (TSWV)o]] tha}e] &2} TS
ol-gste] AHHA=E HAsITh 1 A, PMMoV, CMV, 1]
3L TSWV7F HEEH e, o5 5, CMVF TSWVe| 23 Hio]
gj2rgo] tfFE (20154 o] wkzej7tofl A CMV HAE 50.0%,

TSWV 12.2%, EnEo]| 4 CMV 25.5%, TSWV 38.3% ©] 11, 2016
Yo g}zz]|7}ofl A CMV 45.9%, TSWV 45.5%, EFES]| A} CMV
23.8%, TSWV 47.6%)2 A5}l Qi) o] T Hlolg] A9 %
71of-E $i3h WA AR E S35 flste] 2017400 27|
&R, FA57], FAZ7NE AR A71E Ueo] vlolgA
A& AT AL A3, TSWVE 3 ZrgEe] 93
oA Aol F=le] 7] W&ol ¥4, (MvE &
A s7tel EFstEo] 277t FHte 2 Jolzg 2yt
Ao BA Yehd Aoz FIE Qe 3 2017W % 27|d
upol A vhA &A% AL A3}, TSWVo] 9Jgh vfojg] ey ut
Ao SHAN AE o|F WY st = AL B AT EF
3 Suu 27Age 2 QI uiolg A AE F7e) 7] gig
9 2| &A1 Wzho| vhol A o] SHAF HFR|of F-a3%F 4TS
3 Ava Belck

Conflicts of Interest

No potential conflict of interest relevant to this article was re-
ported.

Acknowledgement

This research was supported by a grant from the Research
Program of Cheorwon Agricultural Technology Center, Cheor-
won-gun, Repubilic of Korea.

References

Cho, J. D, Kim, J. S., Lee, S. H. and Choi, G. S. 2007a. Viruses and
symptoms on peppers, and their infection types in Korea. Res.
Plant Dis. 13: 75-81. (In Korean)

Cho, J.D, Lee, S.H, Kim, J. S, Choi, G. S, Chung, B. N. 2007b. Study of inci-
dence on peppers viruses in Korea. BioWave 9(11): 1. (In Korean)

Choi, G. S, Kim, J. H,, Lee, D. H., Kim, J. S. and Ryu, K. H. 2005. Oc-
currence and distribution of viruses infecting pepper in Korea.
Plant Pathol. J. 21: 258-261.

Choi, G. S, Kim, J. H., Ryuy, K. H,, Choi, J. K, Chae, S. Y, Kim, J. S, et al.
2002. First report of tobacco mild green mosaic virus infecting
pepper in Korea. Plant Pathol. J. 18: 323-327.

Choi, H.S,, Lee, S. H., Kim, M. K., Kwak, H. R,, Kim, J. S., Cho, J. D. et al.
2010. Occurrence of virus diseases on major crops in 2009. Res.
Plant Dis. 16: 1-9.

Francki, R. I. B.,, Mossop, D. W. and Hatta, T. 1979. Cucumber mosaic
virus. CMI/AAB Descriptions of Plant Viruses 213.

Im, K. H., Chung, B. K, Yoon, J. Y. and Green, S. K. 1991. A survey on
viruses infecting peppers (Capsicum annum) in Korea by micro-



152 Research in Plant Disease Vol. 24 No. 2

plate method of enzyme-linked immunosorbent assay (ELISA).
Korean J. Plant Pathol. 7: 251-256.

Ji, J, Oh, T. K., Lee, H. J., Kim, S. H., Rajangam, U., Kim, S. C,, et al.
2008. Molecular characterization of tomato infecting Tobacco
leaf curl geminivirus isolated from Jeju island. Res. Plant Dis. 14:
238. (Abstract)

Kang, M., Seo, J. K., Choi, H., Choi, H. S. and Kim, K. H. 2016. Estab-
lishment of a simple and rapid gene delivery system for cu-
curbits by using engineered Zucchini Yellow Mosaic Virus. Plant
Pathol. J. 32: 70-76.

Kataya, A. R. A,, Stavridou, E., Farhan, K. and Livieratos, I. C. 2008.
Nucleotide sequence analysis and detection of a Greek isolate
of tomato chlorosis virus. Plant Pathol. 57: 819-824.

Kim, J. S., Kim, S. K,, Lee, S. H. and Lee, M. W. 1990. A pepper vein
chlorosis virus causing stem necrosis and vein chlorosis on red
pepper in Korea. Korean J. Plant Pathol. 6: 376-381.

Kim, J. S., Lee, S. H.,, Choi, H. S., Kim, M. K., Kwak, H. R,, Kim, J. S. et
al. 2012. 2007-2011 characteristics of plant virus infections on
crop samples submitted from agricultural places. Res. Plant Dis.
18:277-289.

Kim, J. S., Lee, S. H., Choi, H. S., Kim, M. K., Kwak, H. R, Nam, M. et al.
2011. Occurrence of virus diseases on major crops in 2010. Res.
Plant Dis. 17: 334-341. (In Korean)

Kwak, H. R., Kim, M. K., Nam, M., Kim, J. S., Kim, K. H., Cha, B. and

Choi, H. S. 2013. Genetic composition of broad bean wilt virus 2
infecting red pepper in Korea. Plant Pathol. J. 29: 274-284.

Lee, M.Y,, Song, Y. S.and Ryu, K. H. 2011. Development of infectious
transcripts from full-length and GFP-tagged cDNA clones of
pepper mottle virus and stable systemic expression of GFP in
tobacco and pepper. Virus Res. 155: 487-494.

Lee, S. H,, Lee, J. B, Kim, S. M., Choi, H. S., Park, J. W,, Lee, J. S. et al.
2004. The incidence and distribution of viral diseases in pepper
by cultivation types. Res. Plant Dis. 10: 231-240.

Mun, H. Y, Park, M. R,, Lee, H. B. and Kim, K. H. 2008. Outbreak of
cucumber mosaic virus and tomato spotted wilt virus on bell
pepper grown in Jeonnam Province in Korea. Plant Pathol. J. 24:
93-96.

Palukaitis, P. and Garcia-Arenal, F. 2003a. Cucumber mosaic virus.
CMI/AAB Descriptions of Plant viruses 400.

Palukaitis, P. and Garcia-Arenal, F. 2003b. Cucumoviruses. Adv. Virus
Res. 62:241-323.

Panno, S., Ferriol, I, Rangel, E. A,, Olmos, A,, Han, C. G., Martinelli, F.
et al. 2014. Detection and identification of Fabavirus Species
by one-step RT-PCR and multiplex RT-PCR. J. Virol. Methods 197:
77-82.

The Korean Society of Plant Pathology. 20009. List of plant diseases
in Korea. 5th ed. The Korean Society of Plant Pathology, Seoul,
Korea. 853 pp. (In Korean)



