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Tomato yellow leaf curl virus (TYLCV) is a viral disease causing severe economic losses on tomato.
Practical prevention of the TYLCV disease is to control tabacco whitefly (Bemisia tabaci) or to cultivate
TYLCV-resistant tomato cultivars, because no agrochemical products are available to control TYLCV. In
this study, TYLCV resistance of the commercial tomato cultivars were evaluated using the DNA markers
tightly linked to TYLCV resistance genes Ty-1 and Ty-3 and infection with the TYLCV clones mediated
by Agrobacterium. In marker genotyping, resistance alleles were detected from 4 oval type tomato
cultivars (Titichal, TY tinny, TY saengsaeng I, TY sense Q). Four cheery type cultiavrs (TY endorphin,
TY smartsama, Tiara TY, Olleh TY) and 6 round type cultivars (TY kingdom, TY ace, TY homerun, TY
altorang, Dotaerang TY winner, Styx TY). The seedling bioassay indicated that tomato cultivars of
the oval type and cherry type showed consistancy in marker genotype and phenotype while slight
disease symptom was observed from some round type cultivras (TY ace, TY homerun, Styx TY) with
resistance marker genotype. For fruit yields, TY tinny was greater than its control cultivar Titichal in
oval types, TY smartsama was greater than its control Smile in cherry type, and TY ace and TY kingdom
were greater than their control Dabok. These cutliavrs can be a good choice for high-yielding TYLCV-
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N, 55 270, A 1370, AE 1170, AF= 270 Al 5 A=
Aoz F43| FAE thKim 5, 2011). TYLCVE 19644
oAt A& B F & A Y, ¥A 2o] Fof =
2} 109 F9] Al °] &2l % 3ltHAbhary 5, 2007; Cohen}t
Harpaz, 1964; Fauquet 5, 2003). TYLCVOl 7+ = 33}, <)
T H HE 59 5= 2ol Gl 7RO 7 TYLCVE &
A wiste, F9, FA 2 AS AE2 5HA vkl 5%l
T}(Czosnek, 1999; Diener2} Raymer, 1971). @l 7} #o] = 11
27 A7} BrobA| i, WA Sl4=7F WolA] AZA o of
gk FA| A /g o] st WA 7F ZE A] ¢k e B 2 (Devine
2} Denholm, 1998; Lee 5, 2012; Nauen 5, 2002) W& -2 9]
SR A W FAA e R ERY Al S o] &R Ao
B 31 5 I tH(Choi 5, 2016; Chung 5, 2013). 3} | T B} 51 o]
S 270 = 9 gHAI7F QLo Al H
A A o] HA| et F5S A9T of v 59
FLAYA7IE st SAHAA M= F5Y AFAY of Fol
AT FA) b3, Gk Rel WEF F7heH 79 o] 5 4
A A o= A3 EF Al E B3 tHKo 5, 2014).

AS7HA LB A TYLCY A FA R A A= T-1, Ty-2, Ty-3, Ty-
3a,Ty-4,Ty-5°1 ™, 2T FARA = 24 of 2 W Ty-134 Ty-3
o] Wl 2aA A etel AT FAAZ Y P
2 7HsAd o] Tl 51 tHAnbinder 5, 2009; Garcia 5,
2007; HoogstratenZ} Braun, 2005; Ji¢} Scott, 2006; Ji 5, 2007,
2009; Verlaan 5, 2011). TYLCV A A EF /S 3t 4
A} ukA Ty-1, Ty-2, Ty-3, Ty-3a7} 55l ©]-8-% 3L A TthHoog-
straten¥} Braun, 2005; Ji 5, 2007). @A) Al 50l F-5 51 =
TYLCV WA EFE0] B7Foll A A= oL glont ofof of
gt AF == Kim 5(2013)0] L 3#3E F-H A 34530 gt
A AEot 5 Soll thgt B ito)o

2 AF= AgA G AHufE L Ql= BEvlE 59
TYLCV A FAA 25 o R4 TYLICVE FEst3le o
Y AR G o, WEAEE S Hd38d
ZALte] FEAGA FSAHY 7| ZARRE A
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TYLCV K& AFY EvtE T332 dvhes)d, 3
3, 059 37HA R FESI F 1470 WEAHEST 8
N AFHESTS PSR AASHE T k@) 32 o
Z°] 150-250g 271 9] Ao, H&FP-215-209 27| 9]
2o A olw, ) 382 15-20g 271 2] L L F o]t} TYLCV
AE2 LA 5T vro] A A TYLCV 7
A E2& Bofulol Choi 5(2013)9] W of what A A5+

g 2 7 g+= Agrobacterium tumefaciensE Kanamycin 5 3
o] YA S A7}t Luria-Bertani (LB) B 2] o A] 28°C, 244]
ul st ek B 10 plE 10 mle] LB B =] ol 347}
% 2+ A e st ek, i FH 2 4,500 rpmof| A]
1027 A28 $ 35519 0Dy, 0.7-08 T == AE S}
ot dErE ol 10 mM MgCl,, 200 uM acetosyringone, 10
mM MESE g o1 A] 420 A 2A12F 713 & ol 1 ml AL
718 AHgate] ob 1239 ¥ (Choi 5, 2013) 2.2 FE5HY
th BEutE FAE 5hE5te] 2-3 7)o WA 9 2719
A R 7 1 mlE Tt FFS AT AF S A=A =
25°CH5°CE FA = A oA 30Y F¢F AulstH A B
= AP Hhol Bl A HF L FEFF 10574 3R =
A A8 T BEo] 2] A& A= Choi 5(2013)8] WS Y
sto] SAF =(0), e S, FESAQ), A5 3 A
F(3)Y 4THA| 2 7251l vt Zo] == gHibs)
oF 2 T (%) =[5 (L U Al 47)/3x 7] A $21x100. TY-
LV WA RS gHelst7] 913 A 782 Hwang 5(2012)
I} Kim 5(2013)9] W of wet == QU FEEE F 1
7] 2] &4 2] E G || A total genomic DNAS &3 T TYLCV
A AR Ty-134 Ty-33 AoE 20 (Kim 5, 2013)
£ o]-&35to] el ATKTable 1), 5= B E &, TY €Y,
TY A&7 3FF0l A Ty-13 Ty-32 QU8R AL TY A 9]
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o}, Elobeh TY, 28 TY 45Ol A Ty-13} Ty-3 A A &l st
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Table 1. Results of bioassay and molecular marker evaluation of tomato cultivars for the resistance to Tomato yellow leaf curl virus

Resistance gene*
Type Varieties Company Disease severity (%)'
Ty-1 Ty-3

Oval Titichal Nongwoo H 0a*
TY Tinny PPS H H Oa
TY Saengsaeng Il Namnong H S Oa
TY Sense Q Nongwoo H H Oa
Minichal Nongwoo S S 122b
Betatini PPS S S 233c¢

Cherry TY Endorphin Bunong H H Oa
TY Smartsama Coregon H H Oa
TiaraTY PPS H H Oa
Olleh TY Dongbufarm H H Oa
Smile Namnong S S 27.8b
Tiara PPS S S 31.1bc
Unicorn Dongbufarm S S 4.1c¢

Common TY Kingdom Bunong H S Oa
TY Ace Namnong H H 333b
TY Homerun Namnong H H 10.0a
TY Altorang Nongwoo H H Oa
Dotaerang TY Winner Nongwoo H H 22a
StyxTY Dongbufarm H H 7.8a
Mascaramaepssi Bunong S S 778 ¢
Hoyong Sakada S S 77.8¢
Dabok Namnong S S 90.0c

*H, heterozygous marker genotype indicating dominant effect of resistance; S, homozygous maker genotype for susceptible allele.
'Disease severity from 0 to 3. 0, healthy looking; 1, mild symptom; 2, yellowing symptom; 3, stunt with severe symptom. Disease severity
(%)=[>(number of diseased plantxdisease index)/3xnumber of plant]x100.

*Means followed by a common letter are not significantly different at the 5% by Duncan’s multiple range test.

EAU E 0l S7HH e B A= BA ol UEhdH=
HE thKim 5, 2013). 3 ARG vhA 7 A 4
A 719ke] uhA| 7F obd AL  viA dE 2T o o]
= F5AAE vhA-F AR I A =o] Lot 7 A
o ATt SHAT g FFol Bl = T =7 ¢ @
A Uerd A S & o AR THe Aol B e A=
e

AN
o} Ab, Eloket TY 2%, $4 9 2HF
WY E,TY oo 2, TY AEF 552
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4122014 49 17 ol 139 119 Fo] Jf3tstr] A A
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A& EASAHEY 2F2TY A 11236 cm, E E| &
203 cm, TY Bl Y 193 cm, TY Al AFF 183 cm £20] Q1 11, T 8] =
Z0] u]yZe 176 cmz 714 2k B2 g o glola} Ty
194 cm, TY 2u}Z AL 191 cm, ThH] &£ Y Z 197 cm,
20t 154 cam Atk S -2TY 7 H 200em, TY G E 193
cm, TY EA 177 cm, ZEHIZ TY Y1 173 cm, TY of| o] 2 167
cm, H]EZQ vpA 7Y A] 197 cm, THE 191 em ot &
A= v 523k 7 3k o] Yl th(Table 2).

52 fFF2TY EY 176 9, Bl E[ 2 166 g, TY AL I
1609, TY Al 257 158 g, thH| FF ¢ v|YZ 157 g =] &
U 592k e B2 d -2 TY AnpZAbat 167 g, E]of2t
TY 163 g, HHFZA 20t 147 g FUE 134 90|32,
TY AutZAfukel gl ot TYZ) tfv] &5of vlg] & Ao =
FOAAZF AU SEF2TY 7 E 2241 g, TY T EFH 1893
g TY o|o] 21707 g, TY & 1594 g, ZH|H TY ¢ 1366 g,
] &3 THE 1841 g, ukA 7 A] 1592 go] 1o, TY
7AH 2241 g TY Y EFS T 53} v =3 tf -5, TY of| o]
2O TY S A7 et A ¢ v 3k S5, EEHZTY
A= 23Fo] A th(Table 3).

G E=FQATY A 1176°Bx TY ElY 7.2, € g2 7.2,
TY A2 71, B FFQ vy 2 752 TY BA 15 A 25t

I HE T Pl oty 62, TY &nfZAlul 572
e[ EFQ &0t 70, Y2 680 B3l H5F Wopt ¢4
FHATY ' 44, TY L EF 44, TY of]0] 239, TY EH 36, &=
B TY 911 48, thH| FF Q] th5 44, np2 712 A] 4.80] 3
o, ZHFTY AU TY JE & tdH|FFTT FAEA S
UTY o o] 29 TY -2 tiv] £ Hl3) %2 Hol itk
(Table 3).

L 332 g ElZ 3,656 kg, TY ElY 3,419 kg, TY Al
253,124 kg, TY A48 111,733 kg, T B &2 v|Y 22,549 kg
° 2 ggzLTY g, TY Al A F = vy 2 e o @opoh W&
ol TY 2nFZ AHu} 2,880 kg, E] o} TY 2,861 kg, thH]| &%
o] ~u}d 1,439 kg, &Y E 621 kgo]| .o H, TY A0} ZAba}
o gloteh TY7} thH| &F-Eofl vl sl BATh S5FATY 9 o]
24476 kg, TY 7 H 4,196 kg, TY & 3,863 kg, TY 4 E 3,503
kg, ZEIZ TY 911 2,577 kg, B EF < ThHE 3972 kg, Pk
7H A 2,106 kg o, TY of o] A, TY &, TY SHL2 o
£ 11} H| =351 th(Table 3).

Ko 5(2014)0] A A gt 7 &2 WA |
FEHAA 7 o= ARG FES Aulistofof
I fFF2TY HY, W2 TY
OFZTY, A= FL2TY o] A TY JYH S 4T FFo2

Table 2. Growth characteristics of tomato cultivars evaluated for the resistance to Tomato yellow leaf curl virus (TYLCV)

Type Varieties Plantheight Internodelength  Stem diameter Positio.n of Leaflength Leafrange
(cm) (mm) (mm) first fruit set (cm) (cm)
Oval TY Saengsaeng Il 235.8 a* 732a 13.0b 93a 424 ab 377 a
TY Tinny 193.3 bc 527c 17.5ab 7.1b 445 ab 375a
TY Sense Q 182.8 bc 504 c 16.6 ab 6.7b 40.5ab 364a
Titichal 203.1b 60.4 b 178a 6.2b 455a 383a
Minichal 175.7 c 50.2¢ 18.2a 69b 39.1b 383a
Cherry TY Smartsama 190.8 a 60.9 ab 14.5a 6.1a 355b 337b
TiaraTY 193.6a 65.2 ab 16.4 a 59a 37.1ab 30.8b
Smile 1543 b 46.7b 173a 47a 417a 446a
Unicorn 196.6 a 61.9ab 149a 6.0a 379ab 345b
Common Dotaerang TY Winner 173.1 bc 75.0 bc 15.3ab 69a 399a 42.1ab
TY Kingdom 200.2 a 84.6 ab 16.9 a 7.1a 415a 443 ab
TY Homerun 177.7 bc 717 c 14.6 ab 82a 37.2a 375b
TY Ace 166.5 ¢ 66.9 ¢ 13.8b 6.5a 40.2a 41.1ab
TY Altorang 193.1ab 889a 15.8ab 74a 43.0a 489a
Dabok 190.6 ab 82.3ab 14.5ab 6.5a 40.1a 44.1 ab
Mascaramaepssi 197.1a 82.6ab 142b 7.8a 393a 44.7 ab

*Means followed by a common letter are not significantly different at the 5% by Duncan’s multiple range test.
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Table 3. Fruit quality of tomato cultivars evaluated for the resistance to to Tomato yellow leaf curl virus (TYLCV)
Type Varieties Fruit weight (g) Sugar content (brix) Total yield (kg/10 a) Good yield (kg/10 a)

Oval TY Saengsaeng Il 16.0 a* 76a 3,033b 1,733 b

TY Tinny 176a 7.2 bc 4,482 a 3,419ab

TY Sense Q 15.8a 71c 4,240 ab 3,124 ab

Titichal 16.6a 7.2 bc 4983 a 3,656 a

Minichal 15.7a 7.5ab 3,897 ab 2,549 ab
Cherry TY Smartsama 16.7 a 57d 4,467 a 2,880 a

TiaraTY 163a 6.2c¢ 4814 a 2,861a

Smile 14.7 ab 70a 3,709 a 1,439 ab

Unicorn 134b 6.8b 4,076a 621b
Common Dotaerang TY Winner 136.6 ¢ 48a 5393a 2,577 a

TY Kingdom 224.1 ab 4.4 ab 5402a 4,19 a

TY Homerun 159.4 bc 36¢ 7428a 3,863a

TY Ace 170.7 bc 3.9 bc 7,374 a 4,476 a

TY Altorang 189.3 ab 44a 5621a 3,503 a

Dabok 184.1b 44a 6,905 a 3972a

Mascaramaepssi 159.2 bc 48a 4,789 a 2,106 a

Trantsplanting: April 17, 2014; harvesting period: June 9, 2014 to September 5, 2014.
*Means followed by a common letter are not significantly different at the 5% by Duncan’s multiple range test.
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Brret A ButE FFERTYICV AFA vHA = & 41}
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