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Viruses and Symptoms on Peppers, and Their Infection Types in Korea
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The incidence of virus disease on peppers was investigated at the 52 areas in the whole country in 2002, 2004
to 2006. Among the six viruses, Cucumber mosaic virus (CMV), Pepper mottle virus (PepMoV), Pepper mild
mottle virus (PMMoV), Broad bean wilt virus 2 (BBWV2), Tobacco mild green mosaic virus (TMGMV) and
Tomato spotted wilt virus (TSWV), infecting peppers in Korea, the incidence of CMV, PepMoV, PMMoV and
BBWV2 was 29.4%, 13.6%, 14.3%, 25.6%, orderly. TMGMYV and TSWYV had the same low infection rate of
1.0%. The infection rate of CMV was higher as 53.3% and 34.2% in 2002 and 2004, but it was decreased to
18.2% and 11.9% in 2005 and 2006, respectively. The infection rate of BBWV2 was lower as 1.3% in 2002 and
1.8% in 2004, but it was increased abruptly to 41.3% in 2005 and 58.2% in 2006. For the types of mixed infec-
tions of pepper viruses, the incidence of CMV+PepMoV was 62.6% in 2002 and 50.0% in 2004, and that of
CMV+BBWV2 was increased suddenly from 33.3% in 2005 to 83.2% in 2006. The triplex infection of
CMV+BBWV2+PepMoV was 6.4% in average. CMV caused severe mosaic and BBWV2 induced ring spots,
and the two mixed virions caused chlorosis on the leaves of red peppers. TSWYV induced the typical symptoms
of multiple ring spots on the leaves and fruits of red peppers.
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Table 1. Primer sequences of six pepper infecting viruses for RT-PCR

(Karnovsky's fixative)oll 602 23k $- 0sO,
3t A A s & & F E(Ethanol)S ©]-&3te 50%, 60%,
70%, 80%, 90%, 100%, 6HAIZ HZE 30824 g5 A
7 % LR WhiteZ o] &3l XZvjste] 27 F FupdH
7)(RMC ultramicrotome)E ©]-8-3+4 60-80 nm FAE =
o)A H-E RHEo] o]F @A (Uranyl acetate, Lead citrate)
3 T AR HAAE st
A BAE AR, pFo] DA B FoA Luby

2 2AE A gk AL Yeld Alse] tist
AE AARE s vlojg e AEH 54
ZAE 93k W ol (Chenopodium amaranticolor), B9l
(Nicotiana glutinosa) 5 20959 AXHES ol&siie
o, A&A7E 2 QG 2309 fEE o &3tk Hlol
22 JAFHEL oHARE FA 4 001 M AL
ZA(pH 7.0 FEE o) &3t Wi IR, ARA

Virus® Primer sequence Product size (bp)

MV CTPALL-5 5-YASYTTTDRGGTTCAATTCC-3' 960
CTPALL-3 5-GACTGACCATTTTAGCCG-3'

BEWV2 BBCP2-S(3)5' 5-AATGAAGTGGTGCTCAACTACACA-3' 654
BBCP2-R(4)3' S-TTTTGGAGCATTCAACCATTTGGA-3'

TSWV TSWV-NCP-S 5-ATGTCTAAGGTTAAGCTCAC-3' —
TSWV-NCP-R 5-TCAAGCAAGTTCTGCGAGTT-3'
PM317F 5-ACAGTTTCCAGTGCCAATCA-3'

PMMoV 310
PM317R 5-AAGCGTCTCGGCAGTTG-3'
CPTMG-S 5-TCGAGTACGTTTTAATCAAT-3'

TMGMV 524
CPTMG-R 5-ATTTTAGGAAATCTCACAAC-3'
PepCP-S 5'-AAGATCAGACACATGGA-3

PepMoV 310
PepCP-R 5-CAAGCAAGGGTATGCATGT-3'
PeMV-F 5-GATGCGTATGCCAAAACAAAAGA-3'

PepMoV 594
PeMV-R 5“TGGTGTGGCGCTCTGTGTTT-3'

*CMV, Cucumber mosaic virus; BBWV2, Broad bean wilt virus; TSWYV, Tomato spotted wilt virus; PMMoV, Pepper mild mottle virus,

TMGMYV, Tobacco mild mottle virus, PepMoV, Pepper mottle virus.
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Table 2. Occurrence of virus diseases by single and mixed infec-
tion

Infection rate (%) in
2002 2004 2005 2006 Average
Single infection  72.4 69.6 36.8 37.1 54.0
Mixed infection  25.1 27.2 50.8 54.1 393

Unidentified 2.5 32 124 8.8 6.7
virus infection

Infection type
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Fig. 1. Occurrence of viruses infected singly on peppers.

Table 3. Occurrence of pepper infecting viruses in the single
infection

Infection rate (%) in

Virus
2002 2004 2005 2006  Average
CMV 533 342 18.2 11.9 294
PepMoV 222 314 0.0 0.6 13.6
PMMoV 19.1 17.0 15.4 5.6 14.3
BBWV2 1.3 1.8 41.3 58.1 25.6
TMGMV 0.8 9.5 0.0 0.0 2.6
TSWV 0.0 1.3 0.0 2.5 1.0
Unidentified 33 44 252 18.8 129
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Fig. 2. Occurrence of viruses infected multiply on peppers.
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Table 4. Occurrence of pepper infecting viruses by the types of
mixed infection

Infection rate (%) in

Type of mixed infection
2002 2004 2005 2006 Average
CMV+PepMoV 626 50.0 20 05 288
CMV+PMMoV 237 162 34 05 110
CMV+BBWV2 0.0 21 333 832 297
PMMoV-+BBWV?2 00 00 211 38 62
PMMoV+TMGMV 00 134 00 00 34
PMMoV+PepMoV 99 127 006 00 57
PepMoV+BBWV2 00 49 61 38 37
TSWV+PMMoV 00 00 00 11 03

CMV+PMMoV+PepMoV 38 21 00 00 1.5
CMV+PMMoV+BBWV2 00 07 54 16 1.9
BBWV2+CMV+PepMoV 0.0 00 211 44 6.4
BBWV2+PMMoV+PepMoV 0.0 0.0 4.1 1.1 1.3

CMV+BBWV2+PMMoV 00 00 34 00 09
+PepMoV

ANA 71 Bo) TSI 20053 KBl CMV+BBWV2
7} 333%Z Z7}3FA I 2006300 83.2%% F43] F7t
stk o9t o] CMVSF BBWV2E TEZL A &
gk ol BRI E Il 718 Bol] EA St ¥
S FE= glojgzolUnt. 437 WA B3t He
o) et HWFoFT B CMV+PepMoV7} 28.8%, CMV+
BBWV7} 29.7%2 113 vlo|g|x ¥ dde] T8 ¢
9159 = AZFEL.

upolgj A B FollA 2% B ol 3% B
432 vlol2)27} 7 BEREE o LAstaL Ilovt
GAELS 03%0A 22%F g ot o] (20052 B
Zob AL ottt felyE o] Yt Hiol s

e oA 3% vlo]H 29 HLE F 11.1%
V4% 2E B 2005397 3.4%

T30} FAYsh= vlolH A FFE BFNH
E3e] A A5 2 5(1972)2 CMV &
5%, o S(1991)2 CMV 5 1059 golg{ &7t 2
g3 stgeh. 2y A 51990y AREN A, AT
AR, AEHAR & 39 AR 23 CMVE TMV
2 u)FA wlolg2rb AL BT

ulolgiayl doyle WA B4 T vholgs YA
P2 2 o TSWVE ZFo)A dF 43wy ¢
Eo|3 ¥AS fasidd fA A ERlo] 7Hs3sh, AMV
EE PVX 5 wlolg ezt A TEe] JhestE
2 o|g} 2+ nlo|A FRY 5L FudTid g
vt 750 ¥l vlolail= CMV, BBWV2, PepMoV,
PMMoV, TSWV, TMGMV 6%°]9, PVY, PVX ¥ TEV
se Qe % 2AeY AA § Hu o B2 47
7} Qg Fojor & RO F AzZMET)

CMV$ BBWV2el &3 9§, =X 3Fd S
CMVeE HEE &3 2xlo)a ¥AS dozlon A%
% 3717} =9 A% Bajola ¥ 71¥ WAoR W H
2Tk BBWV2E ZF o HEWMEES doAY HF
3RS 4o\ AY BAol MAHA 4% & 947
WS Ao FAHFig. 3).

2% ole] dielgj2rt BEA9 =Y ©EIE Rt
A2 B Adszigo] wshet A A ZFolA
CMV$ BBWV27L B39 E Z$ole o AA7E 5HE
s= Al WAL BYcKFig. 3). ol 2 #35Ate
@ AGeA 2AIH AFH o7 WA s CMVS}

1

Fig. 3. Symptoms of severe mosaic and malformation were induced by Cucumber mosaic virus (CMV) (left) and the chrolotic spots and
single ring spots were occurred by Broad bean wilt virus 2 (BBWV2) (center), and the mixed virions of CMV and BBWV2 caused leaf

chrolosis with ring spots (right).



80 Eravoie

B - A - oRlE - BRY - B

B9 AxE yehd 3AdsHEeRT A

o 7dsl= Potyviruset TobamovirusE 3L
9 B3town QFHPF & A AAEA
WA 4ol JeErt Fsfi7t AR
, 2005) o]} Zro] 3 EAA LAY
e 2g0d Fud e Axd e E9d ¥
g HASs e s d7vt 29d Ao A
Foll A 25~60% FE7F @A R F4d
=2 2(Kim %, 1990; ©| &, 2005) WAl Ao}
A E28A9 AT WA &5 Farstoior T

o

L

A e
ot 1o

N
)
=
f
o

k

T3 ool A 2d BBWV2dl EE I
e BpAd 2 A 9FEe vdepsten, =4
o

Jz
o
ol
rio
ofh
T
et
L
L
Rul
A
N
k1

kO
1

A2 5270 AGelA 2002, 2004134 2006, 43
2 2% wolelz MBS AYHA HolAs FAPI
< AT, 2dE vlol#lA F/+= Cucumber mosaic
virus(CMV), Pepper mottle virus(PepMoV), Pepper mild
mottle virus(PMMoV), Broad bean wilt virus 2(BBWV2),
Tobacco mild green mosaic virus(TMGMV), Tomato spotted
wilt virus(TSWV) 6Z°131th. CMV, PepMoV, PMMoV %t
BBWV22] WA &S 77 29.4%, 13.6%, 14.3%, 25.6%
o]9ith. TMGMVS}F TSWVE ZAEL 1.0%Z i R

Fig. 4. Symptoms of irregular necrotic ring spot on ‘Paprika’ pepper (left) and chrolotic large ring spots on the fruits of red pepper (right)

were induced by Broad bean wilt virus 2 (BBWV2).

Fig. 5. Tomato spotted wilt virus (TSWV) induced the typical multiple ring spots over all leaf vein (far left), the irregular multiple ring
spots confined main leaf veins (center left), the necrotic ring spot (center right) and the large necrotic ring spots on fruits (far right).
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