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The Advance in Research of Resistant Genes and Engineering for Tomato
Breeding to Tomato Yellow Leaf Curl Disease

YANG Xiao-hui'?, GUO Yan-mei', WANG Xiao-xuan', GAO Jian-chang', and DU Yong-chen’
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Abstract: In this paper, the latest advance in research of utilization and mechanism of resistant genes
and engineering for tomato breeding to tomato yellow leaf curl disease has been reviewed.
Key words: tomato; Tomato yellow leaf curl virus; breeding

2 At B A I PP i A S THE S0 L P 8 0 SR 7 i BRI P B S T 2, 3 B PR i e
HhitE AL HIH-% A (Tomato yellow leaf curl virus, TYLCV). %T TYLCV #4502, ALK U
PEXOE . PUEAEHGIE . PUW EMETTICA 20 CRgRIR (oA AR, 2009; [Hfig 55,
2009; MR &, 2009), ASCH AT E N AN AT TYLCV B FESURFERFI . $URl
] LA S 7096 25 DR TR 7 T PRIt 9 e A — T 22 450

1 DU R AR LA

11 fREE

H AT CARIE A HT TYLCV RSB A M 2 EE S 5l (Solanum  pimpinellfium). A&
i (Solanum peruvianum). £ FE i (Solanum habrochaites). % F7& #li (Solanum chiense) %21
= Je# i (Solanum cheesmanii), F1J FH X L85 ARk} e A7 20 1) B HidE SRR A4S Ty-1, Ty-2, Ty-3,

RS ERA: 2012 - 06 -30; f&EIEHAE: 2012 - 08 - 02
EEWH: FEK 948" TWH (2011-23); JLatili ARREIESTH (6102020)
* {515 Author for correspondence (E-mail: yongchen.du@mail.caas.net.cn)
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Ty-3a. Ty-4 Fl Ty-5, FH3RAG T G Lehu B B2 810 0 Fhsid, A X LB nf LR P
BEDRI Nt TR A TR AT B B AR

Ty-1 2k H AR LA1969, AL T2 6 5 4L th{k RFLP Fric TG297 (4.0 cM) H1 TG97 (8.6
M) ZJu], S53LEME SCAR Frid P6-6 BHEM (Garcia et al., 2007), 2% FFrid SSR-47 7]
Y Ty-1 HIZEA7 35 Rl (Nogueira et al., 2011 ). Verlaan 25 (2011 )32 FH 4L A 44 29¢ Y6 2 A7 2438 (fluorescence
in situ hybridization, FISH) #iAR, KINAE Ty-1 BEPNBEX B, B3 i MR 3 i LA1969 (444,
WRAET WIREHE, i T QAR RS, 456 F I PRI IE A L5 AR e 45 41,
W Ty-1 A B G AR K FRid MSc05732-4 H MSc05732-14 2 [H]14] 600 kb L H A

Ty-2 K H 2 B35 B6013, 125 11 544k I C2_At1g07960 (82.5cM) F1 T0302 (89 cM)
FriciE, 5 TG36 B4 ES (Jietal., 2009b). Ty-3 K H T FIFF LA2779, (T3 6 54tk -
Frid T0774 (18 cM) Fl cLEG-31-P16 (22.1 ¢M) 2 [f] (Hutton etal., 2010) £J 900 kb JE[H 4 ; #r
it cLEG-31-P16 7E Ty-1 Ly#l 3Aric MSc05732-4 (1) R 77, KW Ty-1 HitkiziE i B S Ty-3 #4r &
B, HEW Ty-1 A1 Ty-3 1R T BE A SE ALKl (Verlaan et al., 2011).

Ty-3a J& Ty-3 WIS L, KA TERIFMN LA1932, A2 145 6 SY(aik Lhrid cLEG-31-P16
I C2_At5g41480 ] (Ji et al., 2007a). SCAR #ric FLUW25 RR%55E ty-3 Al Ty-3, {H A AfE % e 5%
fr 3R Ty-3a; HL W1 SCAR Arid P6-25 nJ DL i 547 FE [ ty-3. Ty-3 Fl Ty-3a, CAPS #5ict FER-G8
AJ LS E A FE A ty-1. Ty-3 Al Ty-3a (Jietal., 2007a).

Ty-4 5K H T8RRI A LA1932, A7 755 3 5 3 tfk | C2_Atdg17300 F1 C2_At5g60160 Axic A (Ji
etal., 2009a), 53t CAPS Frid P137A K% &8 .

Ty-5 PR A THEF ML EME TY172, T3 4 S0k Fhsid Jo4-1 1 TG182 i), 5
CAPS Fric SINAC1 B% %4 (Anbinder et al., 2009).

b T BR AR, AR 2 HUIE AR Tk R e AL B S BT TYLCV B4 5. Tomas 4%
(2011 )i ik H ] AR %80, N2 B35t it 6 15 2P N1 TYLCV 8418 EELM-388 #il EELM-889,
JE G ARNTRAR G 7 SRRy B M AN R 5 1) A W iR s EELM-889 x Moneymaker 242 f5
AR ARSI B 4.7 < 1, I8 SRR (1) Fs AR RT3 AR R IR BT Bk, K W] EELM-889 X TYLCV
HIE7IR i N2 R AT X VATV R O 5L X VA o1 (0 S N g O VAR B8 S EE NI O VA Ew [P I € R A S
7 BT . A28 RT Tyking 55 75 H 0 E A B A8 R AL Fla.8753 Hil Fla.344 &4t TYLCV,
Hutton 5 (2012) X} Fla.8753 FI Fla.344 [f17; B BHAAREAT CANPUHEREDIE R 70 hic A R 3, 1X
LERPRIA S A Ty-1, Ty-2, Ty-3. Ty-4 I Ty-5 AR —ANED, (HE Ty-5 iE8irid SINACL 55 4 5
Ptttk B —A Bt mit o 5, BRI Ay 44 0 ty-5, TTRRAE Ty-5 HIASAIEEAL, #7id SINACI
5 ty-5 FE DR (R BUEE B9 ANTE 25 . AT, B/ APt TYLCV S8 2By A8 F 32 BB AT 25 (QTL)
FEihlo oRbE 4% (2012) RIEF A (Solanum lycopersicoides) LA2951 %} TYLCV Kbl £ 4
Prssigr], LS 74 QTL, 2B T 04k 1. 3. 4. 5. 6. 7 #1112 E. Hf QRTY4. QRTYS5
Al QRTY12, JulJE QRTY12 (binl2-C, fll3EFxic CT219 FI CT156) fitktae, SHEMAMMNZ
AN IL BRI Btk

1.2 EEEBRERT

H a7 BRI Z B3 TYLCV RER2E Ty-1. Ty-2. Ty-3 il Ty-3a. Ty-1 & . A& BRI
K, JBFAEEEERIER, WHRINHE, KM TYLCV FEaRE: A& 1Z3ER . Ty-2 8
TR, PRI X =R, ERE. P EGE . BEdeEs. EVE A LA s R I firt,
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AP E R HLPT TYLCV Sk & 1 2 BRI EEI AR, 28 S SR o 1 R R I
Ty-3 Fil Ty-3a fEduikiz AL St S RN, XA R TYLCV M BB mbite, 5 Ty-1 # Ty-2
FILL, BR T3 TYLCV &35 ToMoV (Jietal., 2007b), &Mk A HETHL TYLCV ShRhik & 1) 32 2ok
o

W RIL, AN PIPTERE R 2 10 B AT B2y, (Vidavski et al., 2008). Mejia 25 (20100 #iH,
LE AL RO AL AU 8 B AR G et B by, S Ty-2 FE R A4l 4 3 DR B AR HEORs 1 [R] A
A Ty-2 1 Ty-3a A2 G B A RERIGTWE, PitEKF B2 m T H S Ty-3a 24 & 56 R R L
A AT FAAE RSO R, Ty-4 R B35 (Mejia etal., 2005).

FE] A A1 22 SR ) WE PRy i v M HE L S IE R | R SE R MR A H R T Pt ()
0 T A I s B 0 R 6 S R BRI E R A A S BUIE AR, R Bt R R N B
E TR AT IS TYLCV sbPiE d TAF, WS T —28dbg ORgeh 55, 2011; A% 4,
2012),

WACRH K2R B I CREK 2047 CREEE 55, 2011, PHILRMEIEOCHE T Pk 20117
(R 55, 2012) AUCEBSEFTTOLIETER 09 Bk 1797 & Ty-1 FEB; Wil Rl 2= b
B W 7017 Gabifs 25, 2011). Wik 3017 VLA REFERE R ‘e 9 57 (X
Gi 45, 2009) T Ty-2 B WL AN RFEBEE B Wk 7027 F1 Wik 5027 (e A,
2010) A Ty-3a JE[A:  BHEAOV R B 250 E ) ok v-8eT (ks 4, 2011) M
JER B POIE R AL A 10 AR 477, ‘a4’ 467 SRR S Ty-1 Al Ty-3a
FE . ERRFE BB S T TR B I 31567 S Ty-1 Fl Ty-3 JE A

1.3 A

YeA M1k, KRTAEDPT TYLCV HUHIBFFFIRER D o A AT R0 B AR F A ik St
7 P I 5 P RN A %, TR I R NR By A BB TYLCV TH 9. Delatte 45 (2006) #iH,
A LR [FTRE S U T 165 55 25 731 £ WVA 106 FiT INRA-Hirsute 15 04578 0000 BB 2 52,
RIRRDUME SR AT o, O BER DIy, INRA-Hirsute LG, WVA106 RIUBIHR, #n
WAy B E = 5 INRA-Hirsute &7 .

Michelson & (1994) i, Ty-1 HIPUPE SRV A A EE R 52 2 R0 # K EE B 0%, ot
Hon sk A BRI SPT. BOE I R A R TYS2 A TYS0 BT MRy T %At , ARkt 3 L @l
I, 993 7E DNA & & 5RER™ 5 A B IEADS, BRI TYS0 AP i & = 23 & T TYS2; &bk
R 50 MR B, 28 d fEbi. BRI IR N EE DNA S EAHIR], (R BT AR LB i i s 22
DNA &= MUR1S, 1 5 DNA S22 REIESS 2 B RIZEARE0 48, 1M B AR A4 9 1¥)995 5 DNA
B EE R P 3RS e B L R o

Segev %5 (2004) JE i NHF EE AL EFN, Xk ARG AR TY-172 PIPUHENLEIEET T Y0t
I8, RILTY172 BFIPUPE 5 Wi DNA A, Bl TY-172 &4 ssDNA 7 & B AR T Bow
RERE, AEZEATH 85 1K PE s i

Moshe %5 (2012) Xt ZEFMPL. B TYLCV HAZ RBATHR BB, RDUBIHARAA N
TEPEAL (reactive oxygen species, ROS). HUEMMI T, MFEAHICHE H (pathogenesis-related, PR) Fll
HAESEOSEH S, BFE S TYURMNK, PURHEKAEN > THEES HSPs REE T
EIRRIRE, UL TYLCV 2448 8h THEDAM A G iR Y, PR S EA dE R T hom bk 4
N A P B o T S AR T g (N
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Tomas 5§ (2011) M Z Bk ik H Pt A4 B EELM-889 $T TYLCV-IL. TYLCV-MId.
TYLCSV-ES. TYLCMalV fl TYLCAXV 4§ 5 i 5, TYLCV-MId. TYLCSV-ES I TYLCMalV f%
Y5 EELM-889 AN EFAR 5, (HZAKIUEWAEIR, 1 TYLCV-IL Hl TYLCAXV 12 % Ja fi kA N
BEA R 25 5F DNA HIA7AE, HE—25%F TYLCV-IL 1 TYLCV-MId 5E R 20 45 K920 b B0, P9 3 4 i
C4 FEAMIFFIAAERIE 2R, TYLCV-MId [ C4 A MRE W e A N R T T i, (H
& BARIE FILEDNE T — 05T

2 R TR

SRGEERMLL, LN TREE MR, E7 MR P A S ATAA AR SRR,
FEFGHPUR R F MR RN H 882 BT E AL i sl 55T TYLCV A R R 3 A 4
W, AR EE TR

21 MABSEAEEMUFERIRE

B 905 73 B DS 42 PP A PR SRAS AN s e, R A0 08 7 ik DR A 3 P e B R M A 3t i g v 7 e
t AT 2 AR IE o 75 A I PO R A R, EER AR RER A58 (coat protein, CP)
FERASHIAHCER 1 (replication-associated protein, Rep) &K,

WEFAMEEE (CP) EH BRI R b BB 32w LA S AE A A A i 200 Fas IR, A
A2 SE DR R AR SR A 0 BE R BT« T 35SCaMV i 8l P3R5l TYLCV 1) CP 3k R £5 4% Jik R 2 i AE A
TRk, MO R BRI, HPUE T CP SR RIA /K (Kunik et al., 1994). Rep
HHRERVLFED, FALK Rep HBRD AR B2 PirE, HZ& TN Rep #i5 P40 LAk
FEIERBT TYLCV . #i& TYLCV #54); Rep & IR X FFAIRFE xS TYLCV £BLBiPE, {HY5 Rep
HAMEBRTLK, 5 IR XRWERFHIRERAEE RNA 51U R EHEFTTEE G (Polston &
Hiebert, 2007).

PR B H A I AR AT DURAF R R M, K CP AR ARSI NLS X2 19 f7 R
)5 (Arg-Lew), HT3m T CP-CP ¥R A e H 54% 524K karyopherinal UL 5 GroEL 4 14
HAAWEET), Nimnl LUK B2 J4 e J) (Yaakov etal., 2011).

RNA THEBARRIERE, A5G TYLCV St 17 —Flog (5w s 2 I TAESENE o Ko a3
Fe A ek i S 1) F A A5 H, AR ILTE OB S5 KK “ % RNA” Chairpin RNA, hpRNA), HI=Z:3k
ik, nIRZSE A E 0 RNA PUBR I W2 S i St R YR 2 (B8 JJ . TYLCV Al TYLCSV 1)
Rep &K FBe. TYLCV Hl TYLCCNV ] CP JE DS Bty ] AR HI KA i A K b e N3t AT 3R
PHLSLIRPUEMIAL (Fuentes et al., 2006; Zrachyaetal., 2007; Tamarzizt et al., 2009; JHFEIH %%,
20100,

22 FAEFFSEAERMUBERTRE

He Sy Y. RARAANSAN Tt fEarRE, a4 TYLCV 757 P ) 5= il
2R, MWMREHirE (Edelbaum etal., 2009).
22.1 GroEL %9

BRI B A1 GroEL SR g T2 FA-E, 228 RsrtA s, Refiidi N B dufg
I (R B S T B, AR LA B AR N AR E
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FHHC LI 78RR E\AE 2 2 7 vh A AR N 19 GroEL 4K 11, RIS EL#% TYLCV-IL (%R %
80% LA b, 03 B AL MRy mUMILAAR 1 A R B R R D, AR IR W R . IXe ul, TR w1
GroEL & /b, SECT HAE#ERED, JIEAZRE DB DNA 8 CP (S ) RN E ST
Bfift o A A TF ) B s 57 i 31 7 3R 5 GroEL ik AR AL 2 i R AR R0 B2 S S 2Rk, TR Bk
GroEL-TYLCV &&4), Miidldl TYLCV s 8l 53k, ALk btk (Akad et al.,
2007; Gottlieb etal., 2010), FIH CaMV 35S JH 21 ML) B 5% 57 )5 87 PGHNBS. U 714
J 4 7 A 2073 n] LR Bl GroEL s RITE 7 56 PRI s v 3 A T SR A, 1F BRI GroEL JE K413
Bl Ak il i 25 B w47, 1 H. PGHNBS HI SUC2 JH 3 115 519 GroEL Hiftk S mEAL (=7} 2%,
20105 2% %, 2011),

222 AIL&SREERESR

PEFRER PP A BEFR 450010 DNA R (1, it 5 H LA ) DNA 5 RNA 454, siirdRe
) (A ELAE R P BRI R IA o Ik [ P A0 2 5 AR AR A A0 i o b B Do T A TR R B oK
e AT SPURAI IR ik . N T& MR E A (antiviral zine-finger protein, AZP) 1] LA
BH I FHZZ T %  (Beet severe curly top virus, BSCTV) Rep & 5 BBl IAA S 454, MK
I FF AL, 3RS AZP R HIL N IF (Arabidopsis thaliana) 3575 5¢ 4 9% #5511 (Sera,
2005), X JriFE AR T TYLCV MBEH .

ARG E I Rep & TYLCV-DNA 1137 AR N IR LG FE 55 DNA & e — 2wt 8 e,
BH 1 E 5 A R IA AT S S G, v LA ZEEE] TYLCV (K A2 44 (Koshino-Kimura et al., 2009) .
TYLCV LR RSP A FEX. (intergenic region, IR) JL[F X (common region, CR) 74 & HlF1
e T e tE. Mori &5 (2012) 18R FHAF 23 M1 KL, TYLCV-IL FER IR X AR 1) IE [n) 5
K75 5'-ATCGGTGT ATCGGTGT-3"J& Sl 4 7 s, ¥ AZP FE R I A AT o 3 N Z i ik, I
AZP 5 SRR A Rep SRE 1 000 1%, A RFHIE T TYLCV [ Rep £ 590 85 &2 il £
ARG S, BB T iR, IS T RN PTrEfRR . AR TYLCV i iEtk Ralr S
RS 46 47 /UM OR 51 e A1) A A AL, R A AR 22 %, Wl TYLCV-IR [ 5-CTTGGTCA
ATCGGTGT-3' (GenBank %35 AJ132711), TYLCV-MId P5¥EF 7 ¥ 5'-ATCCCTGGTGT
ATCGGTAC-3' (GenBank %35 AF071228), Kk, #f2 AS [F95 85 bk 2 500 & W b0 it S S s A7
MR AIEN AZP BB IR
223 FAFMMAEREXNEES

FEREYOLIR FE = A U I R T, AT RV R B — RV RIA, AL R s R IA e
IR B AR E 2R EEAMEH . Eybishtz 25 (2009, 2010) A F e o) A% A 01 05T 1 K
YR I IZE NS Permease |-like &5 I BE RN RERR #da B  LeHTL I btk 4> ALl . AL VIGS
KRR N IR IE B Permease I-like JE PR YTER S, RIS REHERN 5 B AR (PR AR AR Y90 55 7 1
SRE N, RIRRPIIEE, HEN Permease I-like 2 1L AT fit 595 75 B AR A K. 1T LeHT1 3t
PIUTER G, AR ) AR 75 B3 n, (ER Uk, LR PR AT e -5 R bk 2SR A A o L1
A HUFR P AR AE I A DG o AN LeHTL )k 55 40 s 25 S Bl ARG 0% o ] B FH Ik 26 4o
IR R R R A R FE L, K2 AREE R TAR SO & R B 50—

4 IS R

FEPURA R IF R LR A, AR H AT e A 3 Ty-1.Ty-2.Ty-3. Ty-3a. Ty-4 Fl Ty-5 2541 TYLCV
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LD, (ELR RS DR IR F A 76 IR, AR 75 8R0S FO 6 DR Ol T 3574
FESL TYLCV (A RLE K A AU SE D I A, BT BT R A — B, AU RIS
SEBAL AR FOR BRI, 0T 3 DR 35 2 I 2R 5.

SEPTRIOKS T4 TYLCV FRMERR, (MR SR 105 AL DR HOBRBE B SRR OE {1375 92
HE— AL

References

Akad F, Eybishtz A, Edelbaum D, Gorovits R, Dar-Issa O, Iraki N, Czosnek H. 2007. Making a friend from a foe: Expressing a GroEL gene
from the whitefly Bemisia tabaci in the phloem of tomato plants confers resistance to tomato yellow leaf curl virus. Archives of Virology, 152
(7): 1323 - 1339.

Anbinder I, Reuveni M, Azari R, Paran I, Nahon S, Shlomo H, Chen L, Lapidot M, Levin I. 2009. Molecular dissection of Tomato leaf curl virus
resistance in tomato line TY 172 derived from Solanum peruvianum. Theoretical and Applied Genetics, 119: 519 - 530.

Chu Yun-xia, Zhu Wei-min. 2009. Progress of breeding for the control of Tomato yellow leaf curl virus in tomato. Genomics and Applied Biology,
28 (3): 563 - 568. (in Chinese)

Wai, RNE.2009. FEHGUEAMMRREFAHTTOERE. JENAE SN A, 28 (3): 563 - 568.

Delatte H, Holota H, Reynaud B, Dintinger J. 2006. Characterisation of a quantitative resistance to vector transmission of Tomato yellow leaf curl
virus in Lycopersicon pimpinellifolium. European Journal of Plant Pathology, 114 (3): 245 - 253.

Edelbaum D, Gorovits R, Sasaki S, Ikegami M, Czosnek H. 2009. Expressing a whitefly GroEL protein in Nicotiana benthamiana plants confers
tolerance to Tomato yellow leaf curl virus (TYLCV) and Cucumber mosaic virus (CMV), but not to Grapevine virus A (GVA) and Tobacco
mosaic virus (TMV) . Archives of Virology, 154: 399 - 407.

Eybishtz A, Peretz Y, Sade D, Akad F, Czosnek H. 2009. Silencing of a single gene in tomato plants resistant to Tomato yellow leaf curl virus renders
them susceptible to the virus. Plant Molecular Biology, 71: 157 - 171.

Eybishtz A, Peretz Y, Sade D, Gorovits R, Czosnek H. 2010. Tomato yellow leaf curl virus infection of a resistant tomatoline with a silenced sucrose
transporter gene LeHT1 results in inhibition of growth, enhanced virus spread, and necrosis. Planta, 231: 537 - 548.

Fuentes A, Ramos P L, Fiallo E, Callard D, Sanchez Y, Peral R, Rodriguez R, Pujol M. 2006. Intron-hairpin RNA derived from replication associated
protein C1 gene confer immunity to Tomato yellow leaf curl virus infection in transgenic tomato plants. Transgenic Research, 15 (3): 291 -
304.

Garcia BE, Martin C T, Maxwell D P. 2007. Detection methods for the Ty-1 gene for resistance to begomoviruses on chromosome 6 of tomato. http: //
www. plantpath. wisc. edu / Geminivirus Resistant tomatoes/Markers/MASProtocols/ Intro Ty1. pdf.

Gottlieb Y, Zchori-Fein E, Mozes-Daube N, Kontsedalov S, Skaljac M, Brumin M, SobolI, Czosnek H, Vavre F, Fleury F, Ghanim M. 2010.
The transmission efficiency of Tomato yellow leaf curl virus by the whitefly Bemisia tabaci is correlated with the presence of a specific
symbiotic bacterium species. Journal of Virology, 84 (18): 9310 - 9317.

Guo Yan-mei, Du Yong-chen, Wang Xiao-xuan, Gao Jian-chang. 2009. Research progress in Tomato yellow leaf curl virus. Journal of Agricultural
Science and Technology, 11 (5): 30 - 35. (in Chinese)

[EHoAE, FrkE, THE, mlEE. 2009 FmdEHHER (TYLCV) MIFREE. P ERI AR i, 11(5): 30-35.

Hutton S F, Scott J W, Schuster D J. 2010. Fine mapping of a begomovirus resistance gene in tomato // Proceedings of the Plant & Animal Genomes
XVIII Conference. CA, USA: San Diego, 204.

Hutton S F, ScottJ W, Schuster D J. 2012. Recessive resistance to Tomato yellow leaf curl virus from the tomato cultivar Tyking is located in the
same region as Ty-5 on chromosome 4. HortScience, 47 (3): 324 - 327.

JiY, Salus M S, van Betteray B, Smeets J, Jensen K S, Martin C T, Mejia L, ScottJ W, Havey M J, Maxwell D P. 2007a. Co-dominant SCAR
markers for detection of the Ty-3 and Ty-3a loci from Solanum chilense at 25 ¢cM of chromosome 6 of tomato. Report of the Tomato Genetics
Cooperative, 57: 25 -28.

Ji Y, Schuster D J, Scott J W. 2007b. Ty-3, a begomovirus resistance locus near the Tomato yellow leaf curl virus resistance locus Ty-1 on



11 MRS, F/APUIE AL Hh R A S SR R DR Y e i 2289

chromosome 6 of tomato. Molecular Breeding, 20: 271 - 284.

JiYF, Scott ] W, Schuster D J. 2009a. Molecular mapping of Ty-4, a new Tomato yellow leaf curl virus resistance locus on chromosome 3 of tomato.
Journal of the American Society for Horticultural Science, 134 (2): 281 - 288.

JiY, ScottJ W, Schuster D J. 2009b. Toward fine mapping of the Tomato yellow leaf curl virus resistance gene Ty-2 on chromosome 11 of tomato.
HortScience, 44 (3): 614 - 618.

Koshino-Kimura Y, Takenaka K, Domoto F, Ohashi M, Miyazaki T, AoyamaY, Sera T. 2009. Construction of plants resistant to TYLCV by using
artificial zinc-finger proteins. Nucleic Acids Symposium Series, 53 (1): 281 - 282.

Kunik T, Salomon R, Zamir D, NavotN, Zeidan M, MichelsonI, GafniY, Czosnek H. 1994. Transgenic tomato plants expressing the tomato
yellow leaf curl virus capsid protein areresistant to the virus, Biotechnology, 12: 500 - 504.

LiJi-gang, Liang Yan, Yan Jian-min, Zheng Xu-xiang, Sun Ya-dong.2012. A new tomato F, hybrid with resistance to TYLCV - ‘Xinong 2011’
China Vegetables, (2): 100 - 103. (in Chinese)

AR, BEOME, EILEL LA, PAEZR. 2012, HITYLCVEMFT A PEA201 1ML, hIEEEE, (2): 100 - 103.

Mejia L, Teni R E, Vidavski F, Czosnek H, Lapidot M, Nakhla M K, Maxwell D P. 2005. Evaluation of tomato germplasm and selection of breeding
lines for resistance to begomoviruses in Guatemala. Acta Horticulture, 695, 251 - 255.

Mejia L, Teni R E, Garcia B E, Fulladolsa A C, Mendez L. 2010. Preliminary observations on the effectiveness of five introgressisons for resistance
to begomoviruses in tomatoes. Report of the Tomato Genetics Cooperative, 60: 41 - 53.

Michelson I, Zamir D, Czosnek H. 1994. Accumulation and translocation of Tomato yellow leaf curl virus (TYLCV) in a Lycopersicon esculentum
breeding line containing the L. chilense TYLCYV tolerance gene Ty-1. Phytopathology, 84: 928 - 933.

Mori T, Takenaka K, Domoto F, Aoyama Y, Sera T.2012. Inhibition of binding of Tomato yellow leaf curl virus Rep to its replication origin by
artificial zinc-finger protein. Molecular Biotechnology, (12): 9552 - 9557.

Moshe A, Pfannstiel J, Yariv B, Kolot M, Sobol I, Czosnek H, Gorovits R. 2012. Stress responses to Tomato yellow leaf curl virus (TYLCV)
infection of resistant and susceptible tomato plants are different. Metabolomics, S (1): 769 - 781.

Nogueira D G, Maluf W R, Nogueira D W, Maciel G M, Paiva L V, dos Reis Figueira A. 2011. Microsatelite marker associated with the Ty-1 allele
for resistance to begomovirus in tomato. Pesquisa Agropecuaria Brasileira, 46 (4): 412 - 419.

Peng Hong, Yu Wen-gui, Zhao Tong-min, Zhang Bao-long, Ni Wan-chao, Wu Dan, Yang Ma-li, Zhao Li-ping. 2011. Studies on tomato yellow
leaf curl virus (TYLCV) resistance by GroEL gene transformation. Jiangsu Journal of Agricultural Sciences, 27 (2): 371 -377. (in
Chinese)

9%, RV, B, e, T, X, B, BEHE. 2011, GroEL HE K HUE A v At R (TYLCV) HIRFE. 1L
HANEAER, 27 (2): 371-377.

Polston J E, Hiebert E. 2007. Transgenic approaches for the control of Tomato yellow leaf curl virus //Czosnek H. Tomato Yellow Leaf Curl Disease.
Springer: 373 - 390.

Segev L, Cohen L, Lapidot L. 2004. A tomato yellow leaf curl virus-resistant tomato line, TY-172, inhibits viral replication but not viral translocation.
4th Intern. Geminivirus Symp, ABSTRACT W1. Cape Town, South Africa.

Sera T. 2005. Inhibition of virus DNA replication by artificialzinc-finger proteins. Journal of Virology, 79: 2614 - 2619.

Song Jian-jun, Ai Peng-fei, Li Zhen-xia, Qiu Yan, Li Min. 2011. A new tomato hybrid ‘Keda 204’ with resistance to Tomato yellow leaf curl virus.
Acta Horticulturae Sinica, 38 (2): 339 - 400. (in Chinese)

R, W Bk, (U M6 4 802011 HUENAE R EAE A CRER2047 | 2R, 38 (2): 339 - 400.

Tamarzizt H B, Chouchane S G, Lengliz R, Maxwell D P, Marrakchi M, Fakhfakh H, Gorsane F. 2009. Use of Tomato leaf curl virus (TYLCV)
truncated Rep gene sequence to engineer TYLCV resistance in tomato plants. Acta Virologica, 53 (2): 99 - 104.

Tang Qian-jun, Xiao Qi-ming, Liu Yong, Li Ji-guang, Xie Bing-yan, Tan Xin-qiu, Zhang De-yong. 2010. Construction and expression of dSsSRNA
vector in coat protein gene of Tomato yellow leaf curl virus. Hunan Agricultural Sciences, (13): 99 - 101. (in Chinese)

FERE, HEW, x5, A0, WA, EDRER, TRAERK. 2010. AL IR ISR ER TR dsRNA SRR g S SRk ]
mMAOER, (13): 99 - 101.

Tomas D M, Carmen Cailizares M, Abad J, Fernandez-Muiioz R, Moriones E. 2011. Resistance to Tomato yellow leaf curl virus accumulation



2290 W 2 % 39 ¥

in the tomato wild relative Solanum habrochaites associated with the C4 viral protein. Molecular Plant-Microbe Interactions, 24 (7): 849 -
861.

Verlaan M G, Szinay D, Hutton S F, deJong H, Kormelink R, Visser R GF, ScottJ W, BaiY L. 2011. Chromosomal rearrangements between
tomato and Solanum chilense hamper mapping and breeding of the TYLCV resistance gene Ty-1. The Plant Journal, 68 (6): 1 - 11.

Vidavski F, Czosnek H, Gazit S, Levy D, Lapidot M. 2008. Pyramiding of genes conferring resistance to Tomato yellow leaf curl virus from different
wild tomato species. Plant Breeding, 127 (6): 1-7.

Wu Dan, Zhang Bao-long, Yang Yu-wen, Ni Wan-chao, Zhao Tong-min, Zhang Yun-hua, Wang Rong-fu. 2010. Expressing a GroEL gene in the
different promoters of tobacco plants conferring resistance to Tomato yellow leaf curl virus. Jiangsu Journal of Agricultural Sciences, 26
(1): 55 -60. (in Chinese)
2 Fh kO, MRS, T, BSEL Skate, EARE. 2010, AN B 75 i DR e T i e A i e SRR A YRR
Mr2EH, 26 (1): 55 - 60.

Yaakov N, Levy Y, Belausov E, Gaba V, Lapidot M, Gafni Y. 2011.Effect of a single amino acid substitution in the NLS domain of Tomato yellow
leaf curl virus-Israel (TYLCV-IL) capsid protein (CP) on its activity and on the virus life cycle. Virus Research, 158 (1 -2): 8 - 11.

Yang Yue-jian, Zhou Guo-zhi, Wang Rong-qing, Ye Qing-jing. 2011. The issues and strategies concerning planting of varieties with resistance to
tomato yellow leaf curl virus disease. China Vegetables, (21): 1 - 4. (in Chinese)
Wi, JHIENG, EARTF, M 2001 PO IR AR SRR b XS EESE 21): 1 -4

Ye Qing-jing, Yang Yue-jian, Wang Rong-qing, Li Zhi-miao, Ruan Mei-ying, Zhou Guo-zhi, Yao Zhu-ping. 2009. Progress in research on
TYLCD-resistant breeding of tomato. Scientia Agricultura Sinica, 42 (4): 1230 - 1242. (in Chinese)
I, i, EoT, A, BrES, MEG, SF. 2009, FATHTEL IR A AT, ThERRE, 42 (4): 1230 -
1242.

BG, RICEE, BWRE, I 2009. HUA A EA b RER D0 R A5 B AT A

Zhao Tong-min, Yu Wen-gui, Yang Ma-li, Zhao Li-ping. 2011. A new cherry tomato ‘Jinling Tianyu’ with resistance to Tomato yellow leaf curl

INEL 9 5. LA AR, (2): 259.

virus. Acta Horticulturae Sinica, 38 (9): 1825 - 1826. (in Chinese)
BGEEL RICET, BEE, BTWTHE. 2011 P SCL HIH- R R PRI SR AL A (R BERE R . 2 5R, 38/(9): 1825 - 1826.

Zheng Ji-rong, Wang Hui-li, Wang Shi-heng. 2012. A new tomato hybrid ‘Hangza 3’ resistant to Tomato yellow leaf curl virus. Acta Horticulturae
Sinica, 39 (3): 601 - 602. (in Chinese)

HRATE, R, EHEE. 2012 POt R A WA 3 5. 2R, 39 (3): 601 - 602.

Zong Yuan-yuan, Liu Lei, Li Tao, Sayed Rashid Ali Shah, Zhou Long-xi, Sun Yu-yan, Zheng Zheng, Zheng Qi-gong, Fan Shu-ying, Li Jun-ming.
2012. Mapping of QTLs conferring the resistance to Tomato yellow leaf curl virus (TYLCV) in Solanum lycopersicoides. Acta Horticulturae
Sinica, 39 (5): 915 - 922. (in Chinese)
sldld, X %, 4 ¥, Sayed Rashad Ali Shah, FJEIR, #hEH#E, U, RN, TEREE FEY 2012, RE AR AT
WP RE QTL IREAL. [ 2244k, 39 (5): 915 - 922.

Zrachya A, Kumar PP, Ramakrishnan U, Levy Y, Loyter A, Arazi T, Lapidot M, Gafni Y. 2007. Production of siRNA targeted against TYLCV

&

coat protein transcripts leads to silencing of its expression and resistance to the virus. Transgenic Research, 16 (3): 385 - 398.



