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Field surveys to investigate the incidence and occurrence pattern of viruses in red pepper were conducted
during 2015-2016 in Korea. A total of 424 samples in 2015 and 368 samples in 2016 were collected based
on selection of plants showing symptoms from farmer’s field from every June to September. Reverse tran-
scription-Polymerase chain reaction was used to test all samples for the presence of one or more of following
viruses: Cucumber mosaic virus (CMV), Broad bean wilt virus 2 (BBWV2), Tomato spotted wilt virus (TSWV), Beet
western yellows virus (BWYV), Pepper mottle virus (PepMoV), Potato virus Y (PVY) and Pepper mild mottle virus
(PMMoV). The average disease incidence was 91.7% in 2015 and 98% in 2016 and the all seven viruses were
found although there were different kinds of regions. The percent virus incidence in collected samples during
2015 was as follows: CMV, 73.8%; BBWV2, 68.3%; BWYV, 46.9%; PMMoV, 14.6%; TSWV, 12.7%; PepMoV, 6.6%
and PVY, 3.3%. For 2016, incidence was as follows: CMV, 73.3%; BBWV2, 71.4%; BWYV, 34.7%; TSWV, 27.9%,
PMMoV, 19.2%; PepMoV, 13.5% and PVY, 3.5%. Mixed infections were prevalent over single infections and

Received January 11,2018 infection rate was 83% and 86.7% in 2015 and 2016, respectively.
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M 2 Hpo]z| 2 0] Y E th= A YehdthKenyon 5, 2014a).

NF= LG AFQ 7|54 A= 54 A AGEC] o

G4 Bl AR i) A 9l FE ASHE - Ashe vholgAv 7P B wEE T Ao R dEA 9
dhsto] AR o2 £AS o7 |5t 13 Aul A 7HA EA7F th ARE w7 vpolg| A & FQ vlo|g)ARE Potato virus Y
= Y219 shtolthHGreend} Kim, 1991; Pernezny -5, 2003). (PVY), Pepper mottle virus (PepMoV), Pepper yellow mosaic virus
I2E st = vlo|g| AL 5= AAAIAC E 68F0] H (PepYMV), Chilli veinal mottle virus (ChiVMV), Pepper veinal
1o glom vahd, 7| E Al FFY Zfolo| E R mottle virus (PYMV), Tobacco etch virus (TEV) 2} 2-2- Potyvirus<;
nlo|Y 253}, Broad bean wilt virus 1 (BBWV1)Z} Broad bean

mosaic virus 2 (BBWV2)2] Fabavirus<: vlo|&]2, Cucumber

glessseﬁ';cb_hg;;_'gg;tell)s';aazszeﬁ_g1 o1 mosaic virus (CMV, Cucumovirus), Pepper yellow leaf curl virus

www.online-rpd.org (PYLCV, Polerovirus), Alfalfa mosaic virus (AMV, Alfamovirus)7}
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Stk o] Qo &= FAXH| 7} v 7] 3t= Tomato spotted wilt virus
(TSWV), Impatiens necrotic spot virus (INSV), Pepper necrotic
spot virus (PNSV)2} Z+2 Tospovirus<; vfo|H A5 2} 2
BEoF 29 93] AFE= Tobacco mosaic virus (TMV), Tomato
mosaic virus (ToMV), Pepper mild mottle virus (PMMoV)2} 2+
< Tobamovirus<: Hiolg A5 0] i 135 Aulidt=
ghof| 4] EA7} Hl= F2 ulo|gjAaEo|thGenda 5, 2011; Ke-
nyon 5, 2014a; Moury2} Verdin, 2012). o} 28] Z|Zol= 715
o]7} A F3}+= Pepper golden mosaic virus (PepGMV), Pepper
leafroll virus (PepLRV)%} 22 Begomovirus<: Hlo|HAE9]
ubgo] ofxjo} 2 EHal AAAR R 117} 25T gl
ZFA|o]tHKenyon 5, 2014b; Martinez-Ayala 5, 2014; Melgar-
ejo 5, 2013).

ZUolA e 13 A HiolH A FR= o2 AMY,
CMV, BBWV2, PepMoV, PMMoV, PVY, TMV, PVX, ToMYV,
TSWYV, Tobacco mild green mosaic virus (TMGMV), Pepper
severe mosaic virus (PepSMV), Bell pepper mottle virus (BPMV),
Chilli veinal mottle virus (ChiVMV), Pepper vein chlorosis virus
(PVCV INSV7} 2 315 b} glthChoi 5, 2002, 2005, 2010; Im

= 1991; Kwak £, 2013; Kim 5, 1990, 2012; Lee £, 2004).

1659 Blolels % @A A5H.2 WS ola
+= CMV, BBWV2, PepMoV, PMMoV, PVY 5&0]1 2006 ©]
3 TSWV7} 31235] ¥h8E] 1 QJthCho 5, 2007; Lee 5, 2015).
PVCV2} ChiVMVE= 199063} 199130) R B 11 & ubiAlE] 7}

(Im 5, 1991, Kim 5, 1990), PepSMV&} BPMVE] 7-$-
141 3 Bl digh A7IAE BRF RaEglov HA R

2] 2] SFQFrHAAN Z, 2006; Rhie S, 2007). INSV
1% SRolA A A F A= Ao =5
HaElQlthn 2 1% v} QJrhChoi 5 2010; Kim 5 2012). TMV
2} ToMV, AMV== 2002'd 115 Hola]i AR AL A3} HEE
A gFgkom, 1 o3 = W E 17} ¥]7] okkal TMGMVE] 7
220083 o] ¥WrAlo] gl= Ao &2 ZAE|QTHCho 5, 2007;
Kim £, 2012; Lee 5, 2004). 8 v}o]g|{A 2] HhA&-2 Ffjujc}
2 OFANS Ho|1 §lor Bzt H|go] Z4E Zytska
Sl 0.2 Ut rope A4 el n gl oz =
AP A
2 A= 201593 2016 W] XA u 23S TS
2 vpo|g & BAS Hol 35| tisto] Agnte|yAE =
AR W-go = | a159] 9 Hlo| 24l CMV, BBWV2,
PMMoV, PepMoV, PVY, TSWV 6Z1} 20104 w3z g]7}of|A A
B 3 (Park 5, 2011)7} =19 Beet western yellows virus (BWYV)
g F7k5te] % 750l thel WIS 2AbSY AmEE
I YL BASH] o] W st Gk

=

E

T2 Y

ZAHRIS U AL AHE
e volel 29 R

AR 225E TFe 2 3150
FE 2ARP] §3f 201580 774

= 170 AGER71E: Qb 3 5 AL e A B, Rl o
;A% oAk, 94, T, 9 ek A, oA, Sk e
&, b5, B, B AMeIA F 24719 A 2E AsHET

20164 9)+= 87 = 167]) A H(A7)%=: HA; = 9, H4

Table 1. List of pepper-infecting virus detection primers used in this study

Virus Primer Primer sequences (5'—3’) Genome location  Amplified size (bp)

[@\% Fwd ATGGACAAATCTGAATCAACCAGTGCTG R31257-1284 657
Rev TCAGACTGGGAGCACTCCAGATGTGGG R31887-1913

BBWV2 Fwd AAACAAACAGCTTTCGTTCCG R118-38 369
Rev GCCATCTCATTAGCATGGA R1368-386

TSWV Fwd ATGTCTAAAGTTAAGCTCACTAAGGAA R32801-2827 777
Rev TTAAGCAAGTTCTGCAAGTTTTGCCTG R32051-2076

BWYV Fwd CGAATCTTGAACACAGCAGAG 95-115 690
Rev TGTGGGATCTTGAAGGATAGG 764-784

PVY Fwd TGGTGCATTGARAATGGAACCTC 8919-8941 781
Rev GTCTCCTGATTGAAGTTTACA 9679-9699

PepMoV Fwd TTGAATGTGGTACATATGAAG 8521-8541 889
Rev CATATAATAATATTTCATCCC 9389-9409

PMMoV Fwd GAKTCWKCTTCGTTTTAACT 5665-5684 515
Rev AACTTATTTWYRCCATCATGT 6159-6179
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%——E_l]_: ﬂﬂ—l %Lli}_ ;‘(6]0&:1 ’38:}2‘)‘; 3_'?1‘ liol—l J'_TL'%_I —T‘: %j_]é—. %" Oor
Sk A5 Y s I, B A Y 011*1 36871 Al
=

2 Abste] ol 4*‘Ht 98 34102 ARSIk 2 29
ufc} Holel 2 whgEo] et AR AR A4t AHaA o
stk

QAR EIE  vholels lge §AA AL o] 8314
o} 9 R A B A ELS olgate] uj &
Prep kit (Biocube)E ©]&3}9] total RNAS &3I4 2+
RNA:= 73&9] mio|gLof tfgt Fo] Zeto]w(Table 1)E ©]
23} Ackalgith MAFZZ S Maxime RT-PCR premix kit
(iNtRON)2 A5} o U8 AL 55°C, 305 95°C, 2&;
<95°C, 30%; 50°C, 30%; 72°C, 18> 35 cycles; 72°C, 58 A&
3ttt ZF PCR AHE2 1% agaroseo|| A A71g53le] 4

20154 L X| 13 HIO[2{ A SHMEAL Y 2] 13
of LAY}z ol A 0) iy AgF-E 2AFSE| 915) 20154
6-9 47| 7% 177] A HolA F 424709 A =S FH 5t

etk 78 vpolg| Ao digh A Aek-E AR 27}, 91.7%
Q1 38971 A=A 7% HFol A T HS ElstSitH(Table 2).
AA A Hol| gt vpolZ A 7HHE-S CMVS} BBWV27}
73.8%2} 68.3%2 714 =431, BWYV7} 46.9%9] =& 7HA &

Btk PMMoV= 14.6%, TSWV= 12.7%, PepMoV= 6.6%,
PVY+= 3.3%2 2AFE T A E vhols 2] 7} 4 A7
A& B 8 A2 B3 rdd Al g7 el
3, 789 H}Olﬁié ZAF A o] whet Ty Aol w4
o]a}A] Urebt=d], CMVe} BBWV, BWYV7} AL A 2| 2of| 4]

Table 2. Occurrence of different viruses on pepper grown in fields surveyed in 2015

Region Virus : Total
cmv BBWV2 TSWv BWYV PVY PepMoV PMMoV Negative
Gyeonggi-do
Anseong 26 26 0 14 0 0 4 10 40
Chungcheongbuk-do
Geosan 12 22 0 10 0 0 16 0 22
Chungcheongnam-do
Cheongyang 10 11 3 10 0 6 10 29
Boryeong 6 0 8 0 0 0 2 12
Buyeo 22 22 0 15 0 2 4 26
Dangjin 9 12 0 0 4 0 13 0 14
Jeollabuk-do
lksan 20 22 0 19 0 7 0 0 26
Imsil 18 22 7 22 0 0 12 1 29
Gochang 35 22 7 19 4 0 10 5 41
Wanju 15 15 9 6 0 1 7 2 25
Jeollanam-do
Jangseong 16 6 10 0 0 1 22
Suncheon 18 0 0 0 0 0 19
Hwasun 14 13 10 0 0 0 0 18
Gyeongsangbuk-do
Yeongyang 26 23 0 10 0 12 0 0 27
Andong 20 20 20 0 0 0 0 20
Yeongcheon 22 30 0 18 0 0 0 0 30
Gyeongsangnam-do
Haman 24 24 0 24 0 0 0 0 24
Total 313 290 54 199 14 28 62 35 424
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Aol Z1F AEH v, TWVE SHHY B5), A5(A4,
3, A, Bhe) A GollA = Y= AT 1 9] 7
2 UEpsith E3F PMMoVe] 739 7]

TR, T EEAD, )T A EQ@A, 2%, )R Hl
AT ASERL FHAEE 2, R A, A&, FEA Y
= AEEHA| @heH, PepMoVet PVYE S, A&, A4,
7459 YR Ao ATt YAYs}= Ao 2 RALE| T} (Table 2).
Y = vho|H 29 FRE AYo wpe} 3F-6FCE HE
Al Vrebut A H71 vholg| A Hackdol tE2r= A € 4= 9l
ek AGE vlolg A B2 = ohgat 2k Hg, AR Wy,
BBWV2, BWYV, PMMoVe] 4% Hlolg] A, ok B, 1
of, FR) I AE(QAL A4, 13, ) A9 CMV, BBWV2,
TSWV, BWYV, PVY, PepMoV, PMMoV 7% ol A7} B vt
A=Ak A (A, <4, 3h) X2 CMV, BBWV2, TSWY,
BWYV, PVY 5% Hlolg| X, AE(FY, e, F3) A2 Wy,
BBWV2, BWYV, PepMoV 4% ulo]g A, A (3eh xdLe

CMV, BBWV?2, BWYVS] 3% dlo]gA 7| dRAlSE 2107 ZALE
Ak A Hhol 20 W&o o33} o] UEtRiTh oA
CMVE} BBWV2, 65%; BWYYV, 35%; PMMoV, 10%, ¥4 BBWV2,
100%; PMMoV, 72.7%; CMV, 54.5%; BWYV, 45.4%, 3 %F:
BBWV2, 37.9%, CMV2} BWYYV, 34.4%; PepMoV, 20.6%; TSWV,
10.3%, E&: TSWV, 66.6%; CMV, 50%, F-: CMVS} BBWV2,
84.6%; BWYV, 57.6%; PepMoV, 7.6%, BG%1: PMMoV, 92.8%;
BBWV2, 85.7%; CMV, 64.2%; PVY, 28.5%, 2}t BBWV2, 84.6%;
CMV, 76.9%; BWYV, 73%, PepMoV, 26.9%, Y4l: BBWV2<}+
BWYV, 75.8%; CMV, 62%; PMMoV, 41.3%; TSWV, 24.1%, 113}
CMV, 85.3%; BBWV2, 53.6%; BWYYV, 46.3%; PMMoV, 24,3%;
TSWV, 17%; PVY, 9.7%, £+3= CMVL} BBWV?2, 60%; TSWV, 36%;
PMMoV, 28%; BWYYV, 24%; PepMoV, 4%, A/d: CMV, 72.2%;
TSWV, 45.4%; BBWV2, 27.2%, <=7: CMV, 94.7%; PVY, 31,5%;
BWYV, 26.3%, $}<=: CMV, 77.7%; BBWV?2, 72.2%; TSWV, 55.5%;
BWYYV, 38.8%, G CMV, 96.2%; BBWV2, 85.1%; PepMoV,

Table 3. Occurrence of different viruses on pepper grown in fields surveyed in 2016

Virus

Region - Total
cMmv BBWV2 TSWV BWYV PVY PepMoV PMMoV Negative

Gyeonggi-do

Anseong 22 11 0 12 0 0 10 0 26

Gangwon-do

Yeongwol 10 0 0 0 10 0 10

Pyeongchang 20 7 0 7 0 0 0 0 21

Chungcheongbuk-do

Geosan 29 43 20 10 1 0 7 0 43

Chungcheongnam-do

Cheongyang 27 33 25 0 11 16 35

Hongseong 15 0 0 15 0 0 0 2 17

Jeollabuk-do

Gochang 24 17 9 13 0 0 21 5 36

Muju 21 15 15 6 0 0 27

Wanju 15 25 10 5 5 0 0 25

Jeollanam-do

Damyang 4 2 14 0 0 0 14

Hwasun 24 23 6 6 0 0 25

Gyeongsangbuk-do

Yeongyang 11 22 4 2 0 18 0 0 22

Andong 0 12 0 4 4 0 0 0 12

Yeongcheon 16 15 0 13 5 0 3 0 17

Cheongsong 6 12 0 3 0 6 0 0 12

Gyeongsangnam-do

Haman 26 26 0 26 4 0 0 26

Total 270 263 103 128 13 50 71 7 368
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44.4%; BWYV, 37%, 2+=: CMV, BBWV2, BWYV, 100%, %3:
BBWV2, 100%; CMV, 73.3%; BWYV, 60%, <k CMV, BBWV?2,
BWYYV, 100% (Table 2).

2016 ' X| 103 HIO|HAM WMEXAL 2016 =X] 113
O ufo|HAH FAF QA 6-9L7IX] AAISIHIAL 2= 87 =
167 |G| A 5 36870 & M-St EAI5HT ¢Hd, Hat A
& 1A, 4= 3, 9 b G, R 2 201593} F
A5HA| ZAFsto] g A vl skl A} 5HGIaL 71 9] A
2 ZAmolA] 23L0] FTIERIAL ST AL AR A 9E ®
ZBE AT 20160 9] e x] 313 A whol# A wHa-2 98%
2 2015 Ko} o A UEhstth A4 A=) 2t violg 2
JL-L CMV7} 73.3%, BBWV27} 71.4% 2 LFERGEOH, BWYV
9} TSWV7} ZF2} 34.7%, 27.9% 2] ZHE-&& ¥ 33 PMMoVv7}
19.2%, PepMoV7} 13.5%, PVY7} 3.5%2 B3} CHTable 3).
HiolgjA F7 vholg|A W2 2015 = tha Zo]7} Q)
el CMVE] 79 50 AL E7HE AL 2E XA
i E|glom, BBWV2= G AL 57HE AlQeh ZE w71l
A AEE T BWYV= 83 T AL 571 9] Be A9
ol A HEE|e] 1Fof WATL= 8 HiolZAUS L 4= AN
o} TSWVE] 9% 20152} vl sl S3 (), AEEA, +
T &), AH(F S ) ol S5 YAik A& hsoA =
AEo] Eof WA Yol F71E|Glom, PMMoVE ¢HY, 94,
A4E FE A, Bk, @HNA AEE O] 2015 H T A
Ho| 753tk PepMoV= SR A& (FF &), &
E(@% 3%, A @DAGol| AT AEE AL, PVYS ¢
AiE B3 AEQES, GR)oAE T Ao 2 ZAFE I
A9 AR vio|g A9 F R I ES o3 2k ¢
AJ: CMV, 84.6%; BWYV, 46.1%; BBWV?2, 42.3%; PMMoV, 38.4%,
g<: CMVe}F PMMoV, 100%, 3 CMV, 95.2%; BBWV2¢9}t
BWYV, 33.3%, T4 BBWV2, 100%; CMV, 67.4%; TSWV, 46.5%;
PMMoV, 16.2%; PVY, 2.3%, %: BBWV2, 94.2%; CMV, 77.1%;
TSWV, 71.4%; PMMoV, 45.7%, PepMoV, 31.4%; BWYV, 8.5%, &
2J: CMV2} BWYV, 88.2%, 11 CMV, 66.6%; PMMoV, 58.3%;
BBWV2, 47.2%; BWYYV, 36.1%; TSWV, 25.0%, 5-3&: CMV, 77.7%;
BBWV2S} TSWV, 55.5%; BWYV, 33.3%; PepMoV, 22.2%, PVY,
11.1%, 2+==: BBWV2, 100%; CMV, 60%, TSWV, 40%; BWYV
9} PepMoV, 20%, % TSWV, 100%, CMV, 28.5%; BBWV2,
14.2%, 344 CMV, 96.0%; BBWV2, 92.0%; TSWV<2} BWYYV,
24.0%; PMMoV, 16.0%, %F: BBWV2, 100%; PepMoV, 81.8%;
CMV, 50.0%; TSWV, 18.1%, BWYV, 9.0%, 2+ BBWV2, 100%,
BWYVSL PVY, 33.3%, %31: CMV, 94.1%; BBWV2, 88.2%; BWYV,

76.4%; PVY, 29.4%, PMMoV, 17.6%, <% BBWV2, 100%, CMV
2} PepMoV, 50.0%; BWYV, 25.0%, g+et: CMV, BBWV2, BWYYV,
100%; PepMoV, 15.3% (Table 3).

S22

i
oy

o grorAl 20154} 2016\ A
o) )

o]
o9 GEZrAT} S A HAYES vl wsgnh AA|
P22 20150 16.9%, 2016 9]

i)

of

5‘% =

HHAN =Y =2

£ 13.2%=2 A vhH B3 w82 201543} 20161
of| Z¥z} 83.0%1} 86.7% = et B EY vleo] B =
2 710 2 ZAEQItHTable 4). S50l ot vpojzj A
22 2015W0)| = CMV7} 10%, TSWV7F 3.6%= 713 =2
H|- &2 UESTHTable 5). 2015 4] violz] ZH &0l 4
CMV (73.8%) 2} 3 =& 82 B E BBWV2 (68.3%),
BWYV (46.9%)2] 7-¢- &= H A& 1.8%%} 0%=E e of
FE S e 2 o= AS o 5 UsitH(Table 5). ¥t
H, 201611 9] Th= 74 vholg]iof= TSWV7} 4.4% = WAlE
o] 7H&F =9kl CMV7E 4.2% 2 20153 B} ZojEgich 3Ha,
BBWV27} 201611¢]] 3.9%2 2015'd 1.8% X.r} 2uf o]AF 2713t
Ao 2 2 A= QItHTable 5). PVY2} PepMoVE 20160 += o
5 A EE0] 0% AR o] T & B3l 9%t HAgek

=
A& Bl AL & 4 Usiek

T

Table 4. Single and mixed infection of viruses in pepper fields dur-
ing the 2015 and 2016

Diseased samples Mixed infections

Year

Single Mixed Total (%)
2015 66 323 389 83.0
2016 48 313 361 86.7

Table 5. Incidence of single virus infection in pepper fields during
the 2015and 2016

Incidence per year (%)

Virus
2015 2016

[@v\v 10.0 42
BBWV2 1.8 39
TSWV 36 44
BWYV 0 0.6
PVY 0.3 0
PepMoV 0.3 0
PMMoV 1.0 0.2
Total 17.0 133
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Table 6. Incidence of mixed virus infection in pepper fields in 2015

Multiple type of infection Incidence (%)

Double 32.1
CMV+BBWV?2 15.9
CMV+BWYV 2.0
CMV+TSWV 3.0
CMV+PVY 0.5
CMV+PepMoV 0.2
CMV+PMMoV 0.5
BBWV2+BWYV 43
BBWV2+TSWV 0.5
BBWV2+PVY 0.2
BBWV2+PMMoV 3.0
BWYV+TSWV 0.2
BWYV+PMMoV 1.2
PVY+PMMoV 0.5
Triple 40.6
CMV+BBWV2+BWYV 293
CMV+BBWV2+TSWV 2.1
CMV+BBWV2+PVY 13
CMV+BBWV2+PepMoV 1.8
CMV+BBWV2+PMMoV 3.1
CMV+BWYV+TSWV 0.8
BBWV2+BWYV+TSWV 0.5
BBWV2+BWYV+PepMoV 0.7
BWYV+TSWV+PMMoV 1.0
Tetra 9.3
CMV+BBWV2+BWYV+PepMoV 4.1
CMV+BBWV2+BWYV+PMMoV 3.1
CMV+BBWV2+BWYV+TSWV 1.0
CMV+BBWV2+PVY+PMMoV 0.5
CMV+BWYV+TSWV+PMMoV 0.5
Penta 1.0
CMV+BBWV2+BWYV+TSWV+PMMoV 0.5
CMV+BBWV2+BWYV+PVY+PMMoV 0.5
Total 83.0
Eo|gt AL 201539 3F E37r 9] H|&90] 40.6% =

2% utolg2 B H(32.1%) e} lg;—% LS Wl ul

H(Table 6) 20160 = 2% B3 Ho] 41.2% =2 33 B3
H(27.7%) 3} v 7Y =2 t’“ﬂg Lretsich(Table
7). 4% oz A 0] Bzt o 20151 o) 9.3%¢<]| 4] 20161
o= 16.6%= F7l5to] B3 Aol B4 o thfsfix|aL
Ath= AL & 4 QUick 5% Hiolg 20 vhE8-2 2015 3}
201619] 1% A= 2 Vel (Table 6, 7).

Table 7. Incidence of mixed virus infection in pepper fields in 2016

Multiple type of infection Incidence (%)

Double 41.2
CMV+BBWV?2 15.8
CMV+BWYV 7.2
CMV+TSWV 2.2
CMV+PMMoV 4.2
BBWV2+BWYV 1.1
BBWV2+TSWV 55
BBWV2+PepMoV 3.6
BWYV+PMMoV 13
TSWV+PMMoV 03
Triple 27.7
CMV+BBWV2+BWYV 9.7
CMV+BBWV2+TSWV 58
CMV+BBWV2+PVY 0.8
CMV+BBWV2+PepMoV 3.6
CMV+BBWV2+PMMoV 1.7
CMV+BWYV+PVY 03
CMV+BWYV+PMMoV 0.8
CMV+TSWV+PMMoV 1.1
BBWV2+BWYV+TSWV 0.8
BBWV2+BWYV+PVY 14
BBWV2+BWYV+PepMoV 03
BBWV2+BWYV+PMMoV 0.3
BWWV2+TSWV+PepMoV 0.3
BWWV2+TSWV+PMMoV 0.8
Tetra 16.6
CMV+BBWV2+BWYV+PepMoV 5.0
CMV+BBWV2+BWYV+PMMoV 4.1
CMV+BBWV2+BWYV+TSWV 0.8
CMV+BBWV2+BWYV+PVY 1.1
CMV+BBWV2+TSWV+PepMoV 03
CMV+BBWV2+TSWV+PMMoV 5.0
CMV+BBWV2+PepMoV+PMMoV 03
Penta 1.1
CMV+BBWV2+BWYV+TSWV+PMMoV 0.6
CMV+BBWV2+TSWV+PepMoV+PMMoV 0.6
Total 86.7
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Fig. 1. Monthly occurrence of pepper viruses in field in Korea in 2015 (A) and 2016 (B).

3} 201547} 201619] T3 4] 27] upolgs wbA Gpake
T A Yehyt=t, 20159 6ol CMVE] EA8E©] 50% ©]
A 21X 3.0 PMMoV, BBWV, TSWV7F 7] BbyE wb,
74 o]F == ZGlE A9 Hiol# £l BWYV, PepMoVE HIZ
ahol BBWV2] uho] 8] Z7)ss oS ek et}
20169 = 69 AJ3-%7]EE BBWV2, CMVe} &H4 BWYVL}F
PepMoV, PVY&} 22 XTI E MY Hpo|gAE H|ZS| TSWV,
PMMoVe] 7% Blolg| A7} e WAE = Ao = ZAME T
(Fig. 1). 7€-947}A] vpol2| A g2 20157} 2016\ 0] Y
£ Zpol= USAIRE viol] s FRE WG FAH
ehyteh. gHE, TSWVA 201547} 2016 5 69 S AlZF
2 2 7¢0f| WAYo] F7tsltirt 8ol = A& o] Holx|1L 9¢
o thA] S7HE = = ETHFig. 1).
L

T 35042 Hhole]n ZAHE 19704IT) Zubol AMV,
CMV, TMV, PVX, PVY2] 8RB 112 220 2 (Kang 5, 1973;
La 5, 1972) 1990\t & 87k TMV S Tobamoviruso] €]
SH PRI 7L 7 2ot 2000 o] F-ofl = CMV, PMMoV,
PepMoV, BBWV27} 11322] £ Q uHlolg|A R H 1 EITHCho
£.2007; Kim 5, 1990; Lee £, 2015). 7| ZH3}o]] w}2 3
Ay W 3te} vlol| A 0] Hol & Fafl 152 Hholg A Tlaf ¢
o] Wglstal glo] & A& Sl 2 Ao Y sh=
Hho|2] A 0] F /-5 apofsial Ay oMt EAstaLA} Rt

201593} 20164 =] 113 F&7|7F 5t DAY= Hlo
A5 EA4% A3 Sijoll= & AFolA AT 7F9 Bt
o A7} mE BEala 9lon] volel s 2HE &S 20158
L 91.4%, 2016W0] = 98.0% = Tj$ E-& Ao 2 2AMEY]
ThTable 2, 3). 7P3 &2 Z9&-S Ueh vlojg Al CMV
2} BBWV2Z Z+ZF 2015391 = 73.8%2} 68.3%, 2016 o)l =

73.3%%} 71.4% 2 ZALE o] o9 =S W E S HSlth Lee 5
(2015)0] 2006-2010 Z Ao A] x| 11220] CMV 2 o]
& 34.8%22 ¥ 23 AT} Hl2al 22 CMve) WaE &
2 28 A= o wokdl AL = yehdth 9HH BBWV29] 7%,
Kwak 5-(2013)9] Aol A% T15=0] 4 9] BBWV2 AH]&0]
19 EobXl Ae H st 2 RAFIAE 23] Uy
Eol #A FA7F HAL e &l T 5 AUTE BWYVE =
WellAl 2010 ahzajztoflA] &5 A & aFofxf= TS
o] ZAFH v} QIO o ALE F3 BWYVZ} ai3=of
Aotz T3 Blo|H (Bt 40.8%) U= FRIstAAL oF&E
A9} BE ZAL Aol A HEEe] H=A 02 SHito] HE
& 323 5= T BWYVE] SHES 1515 0] ©)5 G4 i
o] golo 2 Fhotelo] 2l A7) U AskE Telo] ZEgt B
27} s Holth 130 A2] TSWV 2L 20159]] 12.7%,
2016 A00|+= 27.9% 0. 2 F7FA1E Hlon o3t AL 7]
Z£ X 11(Cho %, 2005, 2007; Lee 5, 2015)¢} ulz7FA &2 2015
doll= 349, A&, A A9 42 Adsfet Ay 95
2 Astgl o 20160l = S5 BEA G A= HAYE
of TSWVE] EAg|Ho] Shibe A O = YeRTh TSWVE 53
Hilof| sl =2 HHo] E= vholg| o] B2 TSWVe] 4t
I FAE 9 Y E3zof| WhE AetA o] tie A4t 2a
3| Holth TSWV CMVL} BBWV2 2T} Hh 2 tro) b4
FFE B T Alstr 53] AdA ) 52 oA 2
AE #H7sfoF & o msflas Holal e vhE B4 A
SEAE D TSWV B S £33 EA 7ol A
EFE AR5 amsto] WS Abdste o] wi¢- a5tk
H ZALE E3) 2T 113904 Potyvirus<s vlo]2] A (PepMoV
O} PVY)Eo] 7181l Sl = sk 7]& Ha1(Cho
5, 2007; Lees, 2015)0] k=™ PepMoV= 20022004 9]
20-30% A% 2 2SI} 2006-20100) = 5% W92 7+
23 Ao 2 FAEG oY 2 2AME F3f oA S8kl
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© Ao 2 vehgth PVYe] A2, Lee (2004)T Kim S(2012)
o] = Roj|A] W o] A9 19% ugkel Aoz B I EQ oL},
2015-2016\d ZAFO A= 3% oo = TAstaL 32 ¢ &
U HH, FAF H EFo]| o5 M H == PMMoV+= 20154
14.6%, 20164 19.2% 2 ZAFEl=1| Lee S(2015)0] 2006—
20109 B3 5% o= EAG $A 8T o F7E9SS &
% qlgiek

2 S R0 vholg A HAY A dj R &
e FH= st A= YElth(Table 4). £ 2
d FHE S G FoHA 2ALE =T o] Bl =
CMV+BBWV2, CMV+PepMoVe} -8 2% B3k 7 o
Fi olglout 2 AL A 3% oo B W Eel A
Al F L 50% o) A5 oH 559 Hiol2 A E
A2 A5 ZAEATHTable 6, 7). 2 Aol A= 28 B33
o Zo]l= CMV+BBWV27} 16% T ERZ 71 =2 Hj&2
Eltar, 3% B3 o A= CMV+BBWV2+BWYVZE 714 =
2 HHES EYth £3] 201589 JA S oA
CMV4+BBWV2+BWYV7} 29.3%2 714 =& a8 & 1}elyt
THTable 6). 2016\ H9]|= 3% E3kd 2H8-0] 20153 40.6%
oA 27.7%E Ao B FHl= 4T FE o oY
| Yettom 4% 53 IAE-2 2015 9.3%<)4 20161
16.6% = 571 3l3= & o= ISItH(Table 7). E3k- o) WAy
vl 9 o] o B3] % AL 715 23R Qe mi7fE:
X717 AN B 27] ol S7FskaL Q7] W<l
AO7 22k o U vholg A AR A= Uekt
o) =215 S 27190 6] uholg 7k E87} 2015
| 4504 2016 7E o= Solvt B A ol o o
Fafidl 2lo 2 23S A = AlmErhFig. 1).

Hholg| Az FHABIA] S48 9F §-AA; Ho 7t oyt
7] QL wi7) 5ol s MH == Ao Ax3to] =7 = sk
= YA WPt gk of= WiASe 9k 9 o]F B=
S% 7)|3H3}e) o) ke 2 2 vlo|g A WY EAJS 0}
oFst= A2 Hio|YAH T & 2| adtet= uil-¢- Fa%t 2A}
ojth A wHo] W2 A2 115 FF Auf7F ST Slo
| u|E I vlolg]A 9 AlFHtol| Aof gk AL = tH]
7HE8% Ao 2 AlmHrh

Jo

2 o

U 2] 2304 Boj2 A A E Bl W AR 2A}
317] $13f 2015-2016\371A] ZHFZARE 3SHFT: A= A
A 6YRE 987HA] YR HASIGAL e A] A oA Hfo]

YA HAS Hol= 11320 sl 2015 4247)], 20163 3687
o] A 2E At T HAF = 7F vHiolg A (o] H A o]
ol A, ZHFQxulo|g A2, ERfERPY Q| RHlo| 2 A, AL
SESgtatolg A, xR EHo|g A, A EFo|# A Y, 13
oFgtEEHo | )0 gt 52} XS o835t HA st
Aot 1 Ay vlolg A I E2 2015\ 00l= 91.7%, 20169
£ 08%2 ZAIEAT, ZAX] that wgs) i vhola| Ao
TF= &7t Ao 7% vlolH A7t B HES 8l
3199tk 20154 HRo|HA E =4 HEIE O CMV, BBWY, BWYV,
PMMoV, TSWV, PepMoV % PVY7} Z}Z} 73.8%, 68.3%, 46.9%,
14.6%, 12.7%, 6.6% 9 3.3%0]3l.0.1 2016\ H}o]&] A BFAY
E2 CMV, BBWV2, BWYV, TSWV, PMMoV, PepMoV % PVY7}
73.3%, 71.4%, 34.7%, 27.9%, 19.2%, 13.5% L 3.5%=2 ZAFES]
o}, vhol@| & whalopAle BAS AT, A4 AN = Bkt
& H]-&-0] 2015F0]|= 83%, 2016W 0| = 86.7% = Y= IHE

o 72 B3] g2 dEES o 4 ek
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