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Patterns of occurrence of tomato yellow leaf curl virus (TYLCV) and tomato chlorosis virus (ToCV) with white-
fly on summer-cultivated tomato in Gwangju-si, Gyeonggi Province were surveyed using multiplex reverse
transcription-polymerase chain reaction in 2020. In addition, distribution of the whiteflies species and their vi-
ral transmission rates were investigated throughout the tomato growing season. The infection rates of TYLCV
and ToCV increased sharply during harvest, and the single infection rates were 30.9% and 5.0%, respectively,
with a mixed infection rate of the two viruses being the highest at 52.2%. Single infection with TYLCV and
double infections with TYLCV and ToCV accounted for the majority with 83.1%. Bemisia tabaci were dominant
over Trialeurodes vaporariorum in greenhouse grown plants, and all of the investigated B. tabaci biotypes were
identified as Mediterranean (MED, formerly known as Q biotype). The transmission rate of TYLCV, detected in
every sampled B. tabaci MED population, was 21.4%, and the mixed transmission rate with ToCV was 35.5%.
Viruliferous MED whiteflies with ToCV showed a higher rate than that of T. vaporariorum. In the transplant
stage, viruliferous rate of both TYLCV and ToCV of B. tabaci was 42.7%; this rate was highest in the harvest
stage. In examination of tomato yield, the increase in the mixed infection rate of TYLCV and ToCV led to com-
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ecelved rebruary plete yield loss. When the mixed infection rate increased by 10%, the yield decreased by 405.4 kg/10a.
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I A Woll A 2 A7t 27 2ol Al Well 3+
o= F43] v =7} A= FAI7F o]HtHGorman
%, 2007; Nauen &, 2002). 2A7}1F0|= 1977d 202
oA T HuE $ A=xoz SHiEE o] AR ElA] o
A T8 & FaL thHChoe} Park, 1983). HHlj7FFo]= AlA|
Hoz 4 247149 HFo 2 FREH, o] F MEAMI
(Middle East-Asia Minor 1)} MED (Mediterranean)= & A
ARz F2E bl 7HE Alzket gsiE 2st= AL
2 dHA QIth(Hu 5, 2011; Perring, 2001). =] of| A= 1998
W 8 QAT Al DR oA guj7hFo] MEAM10] 3
< AL, 20059 FAold A 4o A= MED9
o] ghelEgirkLee 5, 2000, 2005). 7] A Hofli= LA
Al st & Fulj7FFo] MEDZ} A4kl S

2012). 740l 7= AT A0l d& S5 A=E
2[5t AFES FaA7led), 2 ok AZet vsje v
ol w2 Q13 2314 Wafjolt). Gf7t ol SEe 4
& Hpo|g| 29 Fa3%t uj7fFolH tjFE-2 Begomoviruss
ulj 7 gtk Bat ofuet Crinivirus, Ipomovirus, Torradovirus
9 Carlavirusg Zgsto] oHE &0 3= o Hiolg|AE
7ol o8 Mu} 2 4= lck(Navas-Castillo 5, 2011;
Polston 5, 2014). 1 & 7} EAE 11 Q)= vlo|g] A= to-
mato yellow leaf curl virus (TYLCV)o|tH(Berlinger 5, 1996;
Brown &, 1995; Matsui, 1992; Rubinstein %, 1999). TYLCV
o] I A2 2007} 2008 A 54, AA|, AlF A&
o4t 5ol A skl ZA|7F H AL Qlohi 5, 2008; Kwak 5,
2008). TYLCVE= Geminiviridae T}, Begomovirus <9 43}
= DNA tholgj 22 TYLCVe] 7iEl Ente s s}, Qe
Y 9 9% 5o S4 Uekthel 4% 27]0] Zgsd AY
TS T 5 Ys AR Iigt FAA w8 & FrhCohen
@} Harpaz, 1964; Czosnek®} Laterrot, 1997; Moriones2}
Navas-Castillo, 2000). | =Uo] A TYLCV EAke] 271 ¥
1o ® FAF Agol HErHKil 5, 2016).

Tomato chlorosis virus (Crinivirus <5, Closteroviridae I})
L Fui7ho] MEDE Z3ke Alejd 3%, £47h5o0] 250
ofa) At 4 Qo 7ol F i e gl wet vk
gL t} £ 4= ¢9Jth(Navas-Castillo 5, 2000; Wintermantelx}
Wisler, 2006). tj & 17§35 Wjof| A tomato chlorosis virus
(ToQV) B=717F2 1292 A Qlov 2T AoA
2A7FFol= ToCVE AW 19 S¢et 2R3 o= ARt &
Hj7}F0] MED= &4 64 ¢ 4T 4= glo] Fuli7Fo]
MED7} 2Al7}o] ’e} ToCVE mi7ist= FEo] Hold A
© 2 g+ & (Orfanidou 5, 2016; Simone %, 1996). ToCV

T o
;;O
o
’|2
D
D

oft mju

@ o Ju

= 201390] =4%, o4k, AT, 89, SheAle] EnpEe]A
e WA 5, 2015), ZAE ABAL Qo] B
2ol H 29k, Auito] F3} 5] FAbo] Lhehbs] A&
ol FAbo] 4129 ofd% R Eo| kit Aol 4
ahol ot A3} 9% glo = AWEY. B B 5L d
ofie] 4:8haf 7o} 27)i3}e] Yelo] Frk. 53], ToCViz
Z4 Ak EubEe] X TYLCVE}e] Bazhelo] ol
ZHChoi 5, 2018), 20204 A7|%= F3A G A HEMIE of 2
A 2ol 4 TYLCVE} ToCVe] WY Alej 241 S A3t
o EvbE ALTAS ErtE 48, H3p] 9% 482 18
sha A7)8 SIS 7hRo|R BEH| &Y} REE, 220
AE S BASto] 2% vholel Ao WAL U HANE 5

TS, ErkE ] AR 2 % DED k] AR
2lo] Bl HolaiAno] gt 2R AR WAL Ssln
A 2 Q78 sk

o Y

o

7t20|Fe| Y EEXAL A SH. 20209 5€9HE N
A7HA] 771 Fet A7 = FFA| AL ERE AuidAy (3
7oA SMEH- I o] EZY(15%25 cm, Greenagrotech,
Gyeongsan, Korea)& ©]-83}o] 7130|579 BExH|&-& XA}
stk B & & 2402 A5 EYY) 234 717
ol WM = o] hexane &Ho]l T3ITh DNA/RNA &2
Toyoda 5-(2014)2] o] wh2t 7h2o] 1uke] S 1.5 ml fFHoj|
71 &, extraction buffer (10 mM Tris-HCl, pH 8.0; 100 mM
NaCl; 1 mM EDTA, pH 8.0; 1 mg/ml proteinase K) 30 ul& &%
SHATE A 56°CollA] 4-16A17F HE-g- - 95°CoflA] 1087F
A2Jgt 5 14,500 rpmof| 4] 387 94 223 th A5 s
DNA/RNA template = A}-8-3}%Th

Polymerase chain reaction (PCR) &4]-2 Andreason 5
(2017)9] 9J&f B 1% mtCOl ¥¥ 9] zzlo] MEDL} Tvap
£ 0]43}4ith gDNA 2 ulE 92 PCR BH-2-94 20 pl (0.2 mM
dNTP, 0.2 uM primerZE Z}Z}F 1x PCR buffer)o]] 0.025 U KOD-
FX polymerase (TOYOBO, Osaka, Japan)& ¢o]&3}o] S Z3}
Ak PCR £E 272 C1000 Touch Thermal Cycler (Bio-Rad
Laboratories, Hercules, CA, USA)Z 0]-83}¢], 94°Coll A 10&
7t denaturationg AAJ$F & 50°Cof| A 157t annealing, 72°
Col Al 30% extension BH2-& 353] HHE3l 5, 4°Col|A] BH-S-
2 223519tk ZZ 5 PCR AYAHE-L 1x TBE bufferE o|-&3}
o] Midori Green Advance (NIPPON Genetics, Co., Ltd., Tokyo,
Japan)Z A%l 2% agarose gelZ 75V, 3557+ A7|9 535}



Research in Plant Disease Vol. 28 No. 1 41

%Ak, PCR AHZ] 2712 BH9l517] $18ke] 100 bp ZL 1 kb
DNA Ladder (Invitrogen, Carlsbad, CA, USA)E 7 27|95
3t %, Gel Doc EZ Gel Documentation System (Bio-Rad Labo-
ratories) ©|-§-5Fo Z<15H3T

7t20| TYLCVR} ToCV HEE AL  E0lE ASTHAE v}
olgl WYOFAF ZALE 18] 4] W Enbe A= 537, 2
7] 534, 87] 2208& 8L, 7HRol= B4 A 1361t
2], 7] 118012, 4:317] 223v}2) 2 ATk

A7 e HEA e APETLES] W) g i 7h2o] H)
ulol A TYLCV, ToCV of tjslo] Lee 5(2013)0] 2J3) &
1% = Agg Eo] Zalolm TYLCV-MIF (CACGATT-
TAATTAGGGATCTTATATCTG)Q} TYLCV-1R (ATCAGGGCTTC-
GATACATTC), ToCV-M3F (AAG ATCCGCGCTAATGCTAA)2}+
ToCV-M3R (GTATGAAGGCCGGTTGAAAA)E 0]8-5}4] reverse
transcription-PCR (RT-PCR) ®} o &2 s}t SAA) 53
2 SuPrimeScript RT-PCR Premix (GenetBio, Daejeon, Korea)
£ o]-&5to] 3Gk =3t total DNA/RNA 2 pIE T3 2
2 AR5t ARkt FuksE primer ZF 1yl (5-10 pmol/ml)
£ 71§ Ed R AA §F2 20 plE 25T RT-
PCR BES2 AL WHS-01S 50°CoA] 3057 3-&Ae]at § 95°C
oA} 1087} denaturation &, 95°Coj|A] 30%, 55°Col|A] 40%,
72°ColA 4522 358] WHESHALE ¥HE Fo= 72°ColA] 5%
7t extension BH-3-2 A5} TE RT-PCR AHE2] 5 plE 2%
agarose gel (TBE buffer)o]] 7|95 & o] &3l & HE
ZRISHTE SEZH PCR AME O gt 714 E 42 oJ=s)
2 ™(National Instrumentation Center for Environmental
Management, Seoul, Korea), &21% 7|4 &2 NCBI BLAST
(http://blast.ncbi.nim.nih.gov/Blast.cgi) 4 o|-&3}o]

AP E41S 2t

o] Bt o] nj2= GFe A S8 ERkE o
SAH] 27 37404 A 90 21 7)o BRtE 9
T2 2 242 AR ST AT A2 AFHAFEAIA
E9] magLEAD 12gC (Precision System Science Co., Chiba,
Japan)& AH&-5to] ol Wt A& 0.1 gofl 4] total DNA/
RNAE 281901, GHAF -2 740] TYLCVEE ToCV B
£ A9} Bsh w0 2 AYsolck e EAE Szl
9% 8URE 129 10974 53 A8} molz ] 7S
2g5to] vl walsick

EOIE WStHE ZEE H +2Fd AE. TYLCVS} ToCV
]

712bp

252bp

Fig. 1. Polymearse chain reaction amplification of mtCOI region
with specific primers to distinguish the Bemisia tabaci MED and Tri-
aleurodes vaporariorum. Lane M, DNA ladder (1 kb plus; Invitrogen);
P, positive control; N, negative control; lanes 2, 4, 7-13, B. tabaci
MED; lanes 1, 3, 5, 6, T. vaporariorum. mtCOI, mitochondrial cyto-
chrome oxidase subunit I; MED, Mediterranean.
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Fig. 2. Survey on the monthly distribution ratio of whiteflies (Be-
misia tabaci MED and Trialeurodes vaporariorum) in yellow sticky
traps in the tomato greenhouse. MED, Mediterranean.
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Zo o o

71R0|F0 EE B XA U ST, 20209 549FE 114
7HA] 770 &% A ERRE 2o R 7ol & w4
e 23} A7FF0|9} Tl 7FRol 7t EAE o] MWAEI, T
Hij7}Ro)o] ey £4 Ay} 2% MEDYH A= QITHFig. 1).
Uta o 2 MED7}F MEAM1©] H]8| =3t 25=of] gt Wi/, 4
Al tiet Aol o e, AR AE A W {A%
oo 2 =g 2o thet A-5-o] ot A Z24oA
MED7} 7ol 4] 915 23l MEAMTS thA|sh= Ao = A7}
=21 Q)th(Horowitz <, 2005; Lee %, 2012; Mahadav =, 2009;
Pan %, 2015).

2 AFolA o A7 U A7FRolof Bls] gujzt
Folo] vy D=7k =7 Uehstou 74 AZA ) 24141710
= HHj7FRo| 9] WA HlEo] tha sl FAIE BT
(Fig. 2), o= o] Al7]e]l 2AFs7HIA o & 217] FH| ol
A7} o] FojZ] Ao ® wFh 71Fo] F W AH ol wE
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A 3} H)2E N A7 Aol Rl W 27 B
23 0.2 Holth /R0l R Y QurAl Ao 2L 5
ah2] WAL AR, Bz Rol £ Ro|urt Bg
717to] oL A7t Sl ”}OW AA| 27| A Aol
i3t A4 W 7F5-AJo] = o (Devined} Denholm 1998),
E£3] MED= Lﬂiblilﬂlr;olE AZ1} insect growth regula-
tor (IGR) Al-5-¢1 gl ZEA]gof| A& Hetfl= 2oz &
HA] 2 THKim 5, 2008; Lee 5, 2002). A A 3HA] Hido
U2 PARE AR ) S TR ok chapat

o 1=

3Ll Jlo] A TES 7}—‘—§}/\]7] Q)= AAolc}. wha}
A, Gal7Folo WA a7t S-4=3t oFA|§ Adhetal, 2H87]
Zo| Th2 OFA| B W52 0 2 ALg51E= Zlo] Basith

EniE MITHE oA ZEE J BESSE HE. +
= BEolg A]Fof gjsle] RT-PCR l%% YT A7 2%
(TYLCVS} ToCV)9Q] vlo|giA7F A om, AA| 3264 9]
A& S0 A TYLCVE 18674, ToCV:= 130X40] OFAUFS- S K
S tH(Table 1). GenBankoj| 4] Blast$lt A3} TYLCV= A w2l
of| A A= TYLCV-IL E2]F(accession no. MH680950) %}
99%, ToCV= Ea}zlo)A B 1% ToCV E2]Z(accession no.
MN172420)2} 98% “-5/d= H3ich EvtE oS48 &3l
/\1 MNEHA S 3EA =2 FESHL, TYLCVY} ToCV A4S E 92 7}
Fol BES3 RARE A¥HFigs. 3, 4), B4 A EvtE 2F
*13 37% FHES B, A7 7.5%0] AEES 2
At o|F 4:87]0] HolSHA AABe] 3238 Z71810] 10
Y %= 88.1%¢] Ech TYLCVY G ETHEL 30.9%2
ToCV (5.0%) %0t =43, BEFHAES 52.2%= S5l
o} Hakielo] Bhe Ao 2 Uehitt
20204 7955 1090} AR o] =e] AH 712
o] 4777§A| 9] TYLCVS} ToCV REE-& B A%t A1} (Fig. 4), &
e FA A Hulj7}Ro] ] 2% Hiolg| A HEELS 47.2%%
1, 87131 1090l = AAeH GufjzFo] 88utg] 712t 65
o}g)7} TYLCVS} ToCVE B3l BEslo] 2% nlolgA RES
o] 738%2 FE3IEH), ol ErpEe] Hholel s AE W
sfe} ulsgt slo|gl, whe, £ A7l 2o]o] Tocv B B
52 72%2 Thill7}50](28.2%)9]] B3] WroH(Table 1) g7}
Fo|7} ToCVve] =8 i) &S Gsot= A= UEhyl:
o}l 7ol w2 b olis £A7HRo|Rr} Tocve] A
Gielo] wou] 7|k vl 28 HGBHE R0 deiA
QT Wintermantel 2} Wisler, 2006). A1 EH}o|2 A9} uj /&7
o) 4B g2 Hholgl 0] B} w20 AT sl £2
31 g3k 7|Xth(Stout 5, 2006). & AFATL TYLCVE EE

M P N 1 2 3 4 5 6 7 8 9 10 11 12 13

Fig. 3. Multiplex polymearse chain reaction amplification with spe-
cies-specific primer sets design for detection of TYLCV and ToCV.
Lane M, DNA ladder (100 bp; Invitrogen); P, positive control; N,
negative control; lanes 1-7, 9, 11, TYLCV+ToCV; lanes 10 and 12,
TYLCV; lane 13, ToCV. TYLCV, tomato yellow leaf curl virus; ToCV,
tomato chlorosis virus.

4= Tomato B. tabaci T. vaporariorum

100
80
60
40 ! —

20

TYLCYV, ToCV positive (%)

_’—0"‘

1 2 3 4
Tomato growth stages

Fig. 4. Transmission dynamics of TYLCV and ToCV by whiteflies (Be-
misia tabaci MED and Trialeurodes vaporariorum) in three of plant
growth stages. 1, transplanting stage; 2, fruiting stage; 3-4, har-
vesting stage. TYLCV, tomato yellow leaf curl virus; ToCV, tomato
chlorosis virus; MED, Mediterranean.

Table 1. Incidence of viruses of single and mixed infections in sum-
mer-cultivated tomato and vectors in greenhouse

TYLCV ToCV TYLCV+ToCV
Solanum lycopersicum 70/326 (21.4) 14/326 (4.2) 116/326 (35.5)

Bemisia tabaci 81/340(23.8) 15/340(4.4) 84/340(24.7)
Trlaleurc?des ~ 10/137(7.2) )
vaporariorum

Values are presented as number (%).
TYLCV, tomato yellow leaf curl virus; ToCV, tomato chlorosis virus.

3t )71 50)= 23.8%, ToCV= 4.4%, TYLCVQ} ToCVE &g
0 2 HES Fulj7}F0]= 24.7% 2 ToCVE T BESH G
7Hol o] AR 7} Y Ql=H|(Table 1), ©]= ToCV7} HHj7}
2olo] Aol A7HA A 93F-E v Ayk= FdokEch Su
5(2015)9] Atof w2 TYLCV - HHll7}5o] MED2)
WA S A ST, ol EaE U0 R,
ToCV ZE2 1 9 MAES A7 = A2z Ueitth
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Table 2. Effect of TYLCV and ToCV infection on yield of summer-cultivated tomato in greenhouses

TYLCV ToCV TYLCV+ToCV Yield (kg/10a)°
Total 68/220 (30.9) 11/220 (5.0) 115/220(52.2)
A 18/60 (30.0) 10/60 (16.6) 8/60 (13.3) 6,201 a
B 9/40 (22.5) 0/40 (0.0) 31/40(77.5) 3,719b
C 41/120 (34.1) 1/120(0.8) 76/120 (63.3) 3,909 c

Values are presented as number (%).
TYLCV, tomato yellow leaf curl virus; ToCV, tomato chlorosis virus.

°Mortality values by the different letters within a row are significantly different at the 0.001 level (Duncan’s multiple range test).

(Li &, 2018). =3 Fufj7}2 0] MEDE: TYLCVE ©E HESLA
L} TYLCVS} ToCVE B3 REPS mjHT} ToCVE =02
HEFRS o o B2 WA A 248 = AR B
1E]9tHDing 5, 2019). 18|B 2 2 J Ao A EnlEo
TYLCVS} ToCV B3 9] 9 9912 ©] 25:9] Hio|gjA g
£33 B53 gufj7Fo] MEDS] wiZj&-Fof o3t Ao 2 Azt
Hrk

HiO|2{A 2hlH|E W 2 O,  2H-EAu 2=
2% o9 wiolg| &7t B3k A e At en, &
e Al LFEHE A ASRTHE ol Hholej2o) 44
A B §% Ab2) AR AEAg ) 7|24 o) vt
2 Q1% 8 RS, 19T welahs ABA o] o) 2
7 Ft}(DaPalma %, 2010). 19749 K E u|= ZX|o}Frof 4] ¥
A% TH =" (cowpea stunt disease)2 20| x}o]FH}o]
& 2 (cucumber mosaic virus, CMV)&} E-H 1 zjo]Fr}o|a] A
(blackeye cowpea mosaic virus, BICMV)o]| 2J3]] EHA5} = Z o
2 o] 5 Holeiit TE 74 Aol Wit Auisigort =
Sl A B3 28tk S 86.4%711] 74 AIATHPio-Ribeiro
=, 1978). TE3F Mohamed (2010)2] E 0| A= TYLCV ©=7
A X} EnlE " XFo]|FHFo]# A (tomato mosaic virus, ToMV)
T CMVEES] B3 o] BAS ASHAIFAL, EntE A
&= A8 AaAFTh

£ ARl A 2020 BFA o AMENHE o SR 2
2ol MASHE TYLCVSL ToCve] ZHagbAS B4R v
w3) BGH=T(Table 2), 2% Hholel o) GEg AT 2317
o B WHELS BT FELAL 359%, BUWAL 52.2%
2 AgErkEolA B3] ofFt Welrt B Ao e
woh S=AE ES Y TYLCV: B+ EA8E0] 309%
E =L, ToCVi= 5.0%%tE AR Hiol2| A Ao
& 7o Y =E AR A1H(Table 2), vlo|3 & &H9t
A A=l wet foA e Aol Eiok B ECl

13.3%2] 7% 6,201 kg/10a, B3 B E0] 77.5%, 63.3%%] 3
Ao A= ZHzF 3,719 kg/10aT} 3,909 kg/10a0. 2 ZAFEo] E
A HEC] 10% S7erol whet 4054 kg/10a9] 5 A5
Heoh Aol v|s| B, CER oA EddaE] =4 Ue
b A 8719 7HFo] WA Aufigt AntE w77
FFA G A BArE = EntE= Al E94 S A
A i =Ehsitt By 5oke SFAAMET|ES A1717] ofHAL
(Choi -5, 2002), 18+ WA E Al=stitht A ag0] Eof
A Aufjet= 77 gk wheka, EnEE ] A4S A7)
+ Ho|HAE9] aAQl WA A TS S8l vhol=| A 7+
O] = 7| A=Y AT Aol B3t A} FulirhFol H
AA7IE 5T 5= e A2 F5o] BoT A o= Helrk

ool AnE TRl HH, 7| BFAY AL EVHE AHj
o]l &= Trufj7}F0] MED7F -3l 9l o, TYLCVR} ToCV
E o= Bl 330 2 BEST 9lo] TYLCVS) ToCV 7wt
SHikel =98 jlo] Hok E3 AA| BEutE e 2ol A=
TYLCVE} ToCVel Tzt g et B3zt o] waton, 53t
HE 7l W o A RIS whabA, oS4 H)
B0t 9] P A4S YolAl= 7)ol FARE "7l
UA7E 2 ed 7o 2 wEch

12

kO

87| BFA SsEntE AR oA 7FRo]7} vl 7}
3= Hlolg]A 2% tomato yellow leaf curl virus (TYLCV)S:
tomato chlorosis virus (ToCV) 2] EHYFAFS Z A} T 2020
| oS4l 2Hg oA TYLCVRL ToCVe] HEES w8710 &
B3] F7FslaL, OG5 AHES 7+ 30.9%, 5.0%% 3L, 3
HAEL 52.2%= TYLCV BEZF T} 235 vho|g A E3gt
o] 83.1%2 HES A5k 25 vholH AT wjAs
L 712olo] MAIRE 9 REE S 2AE A, 22 A7)
2 b Rolr 8 g WAL, 24K Szt
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Fol& KL% Mediterranean (MED)S. 2 Q1% Qict. Gz
o] MEDE TYLCVE B0 2 HE=3}AL ToCVet B3 HE3}
L 797} 48.5% 2 ko, ToCVe] HEEL 291%2 4]
7FF0](7.2%)0] B3l 3kt Hul7FRo] MEDS] 235 Hiol# A
HEEo| BntE 4] ARE 472%= #3131, o|F A& 57
gto] =87]of|= 73.8%= 71 =4Th 287] EvkE Auj2
Al 2% vho|y 20 Aol wet S Bla EASE
A3}, TYLCVE} ToCVe B3 AE 57 8532 A7)
= AL 1AL, B EC] 10% F71stol| what 405.4
kg/10a 2-27tA2 BTk
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