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REUR O THESEATER 2 FEY) > H Ry Al Ee i 2 AN - M B ERIHI T
HFPAI—20 o By 7B A FEHUER RN EE AR - BT A ERESCE S - H P 3 {EER
e 2R O] IR Ty-1/Ty-384Ty-2 » EREACA & 2R & E A Ty-1/Ty-3 » 3{EF, 7B
e T REGE O RRNE o RETSEE R E R A ETHUMEE RN E B E SRR
& BB ETARES S T-1/Ty-3 2B R » i{ERRETURBERZIEAR - B35
BEZ ISR Ao MR M ITIEREN - RN R BN S & Z il
EAL -

RAREE 1 0~ FAOE(LIEER - o T EE
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F i (Solanum  lycopersicum) By Hu B J& 2 SSE 8 » JRE R EM o (RIS B 2 4H 4%
(Food and Agriculture Organization of the United Nations, FAO)4t =1 > 20164F 75 i 4= Bk U FE E &
KJ478E N > HBR R HE23.2% » REENLBFRY  2RAI=KEEBR HHE - EEH
BAEIRE® o B i8HT SAE U FE T R P39 4Y5,198 ha > FE B P4 138 A - EEY41.56 T - B
PR — (P ) B A EEES > B EES 8 TSI I T E 20224 & Z T
1048%% > AR TAERBER  HRBEHIE -

FHOAETBIZ T 5% EFF LR E - TF R L AFE G = LIEZER 5 (Tomato yellow leaf curl
virus, TYLCV)Ff1 5|2 > % i & L ¥ 5% (Tomato yellow leaf curl disease, TYLCD)& Fy % & °
TYTXIDH*EﬁBA1930£Eﬂifgkiﬁé§ﬂﬁ§§§ﬂ% W =t S B e s R AR ARG O - E

EHHEERES S AE RTAFEEED - ZEE2005F 8 R EFN HRR EH/E
(Tomato yellow leaf curl Thailand virus, TYLCTHV)ﬁﬁW%ﬂ: A AR © TYLCV B4 j5
F Rl Begomovirusl& @ ML BLIEET 2N [E 0V A 3NV - A SRIE N SR R E R 5 0 R

TE R B g T B R RIS R S 0938 5
MTEbT T B g P E R RGBS B
MTEbT R EZ B R PEEEN RSORIITA -
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HEY1% » &) R B RS 2 AR o ZUE B 2 ST AR s AR E TR B R B (TR
TER R BURE . VIR A R AT A IE R 8 AR hh s (LB ieh o R BE R IR
He b~ BIP RGNS B R AEMESEE - HARRILEBY > RSEERERE
BFE 8 TF% o N E DIHEERIPG G » BB NS & s i 4U80% i E » H i A EE 2
EERE  EREEMNEEELD - BRI TYCLDIYPG AT & A - (B2 R AEY
MGEEERR > ERERE > s E Uk R R &R a ks 2 —1 -
H RI{E S AR 0 S R DL s L e TR A RN EIETy-1 ~ Ty-2 > Ty-3 ~ Ty-3a > Ty-4 > ty-5

B1Ty-6 » Hi Ty-121y-SE P8 BB 43 THEEESY > WA PR R 5 5 =0 > P R
(Ty-1%Ety- 5)?@“)\%[. an i o i 5 B BT AR RES. chilenseZ HURMRILA19693 BB R Ty-1
fr P B 69R A s » A1 /A HBa0161K22BAWU_M3 15> TAEEER] » By — B FEUHIA STE R RN 70
kbW igk N > E o3& L R 45 65 25 RN A-dependent RNA polymerase (RDR) » #H|E tfRDR &EH
B o] BE B EE A= sIRNAZ U A R » (HR AV DNAFEAL - {IHI AR EESRIER - #
i BRAEFE R R S0 — ZFS. chilenseZ HFURFHEIEL S > FEERHTIE IRV E IS A 12 bp (4
e B )35 A, AR E S B — MY SNPW o Ty-2k BE—BEMEFL N > $EL. hirsutum f. glabratum
ZHURPHEIH24 8 - RS 1SR AL AG /M ARFLP S T-REGETG36 81 TG393 2 [ - #HEEY14.6
cM(“) FEEEWEEFES. habrochaites{FC2_At1g07960 (82.5 cM)FIcLEN-11-F24 (87 cM)

FRESE 2 R EAL Ty-2 17 3 i — 45/ 2300 kbE I » fEUPSEIMI1 2y TFEEE 7 [ - 4%

F?@J EL¥ 1% > BLEIK A S{E RO > H o 2 5 [K 47 5 S nucleotide-binding domain and
leucine-rich repeat (NB-LRR)ZE (H'& - BITYNBSI¥1TYNBS?2 » FiFEBLTy-2 B EJEEKN - ELHRE
YEBRA® o 1S, chilensefIHUHEMEILA27798C LA19327E fir 3E% I8, » U35 Ty- 181 Ty-3EL R P

H o 7y-377AcLEG-31-P16 (20 cM)Ei1C2 At5g41480 (26 cM)5y F-HEEE > ] » 25 3(E AIEBIA PR 4
F*ﬂﬁﬂbﬂ’]ﬁlﬁﬁfﬁ%“s) i 83 Ty- IR0 Ty-24HEL » Ty-3 5 3R58 B8RV B AR - B R
2 5 (additive effect) ) » H A& i BF % 55 (Tomoto mottle virus, ToMoV) » ] Ty-381 Ty- 1%
fr P EB 6T A BB R AT (L B > BRI S T AE B E AR BIME 2 HTELA1932(0FE
eIk} o ek 8 AL B Tyv-3 > R AE Ty-3/ty-3 17 51 2 fi Y indel & 38 88587 5 51 5 |+ B AL H Ty-3a
@1 o Ty 42§ B A FES. chilense 2 PUIE M R LA1932 » fi RSB 355 L a 88 - I E fir £F
C2_At4g17300 andC2_At5g6016045 TExE [ » #HEE2.3 oM » Ty-4J8 > s P e R 1O -
y-SERB—EEER - LR B4R O  GIE3EE TS, peruvianum B3 1 & ¥ £ & S.
arcanum¥EZEIEE L ATY 17200 8 5 > ZUMSINACL Sy TAEEEC 1Y 5 R B S% B 47 > 1-5
PURMEE28ME AR REARM > OHEEYE R ZHEEE - B - & F AR E E N
Glutathione X3 > HHIHRH® o Ty-6J5 HS. chilenseti i i EILA2779B1LA1938 » EAIAEEE10
B (afs > A EEE P ToMoVEATYLCV » KB AN o THERECY  3E S H 5 3% Wi E
AL 1{EQTL » 3% &35, 7] 4wt eukaryotic translation initiation factor 4E (elF4E)&E H'E > BifE i
7 5% (potyvirus) R A R
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AL —HURM R e E AL B A B PUERER > ELA2779H 3 Ty-381Ty-6 » R HLE2
HRFIEE — AR A ERDUEER - TREFERNIURRE ] - BRI ERFY] - 2
DAEE T4 F-#E5E > FIFECAPS ~ SSR ~ SCAR ~ HRMSE & 1 43 T~ 5k T )2 JE F A Wi B & 1
(marker-assisted selection, MAS) > ZIM2 ~ P1-16 ~ P6-25 ~ C2_At4gl17300EASINAC1 ] 73 51| FH 3K
EREETY-1 ~ Ty-2~ Ty-3 » Ty-48lgy-5 S'O1HI91020 o JLAN 5 3E I MASHE S48 MY 2 A (i i P
PR Tk BN B fE R A b AR > B REBR KRB () SR EE Ty - AIHE A Ty- 3%DTy4
[E8 45 & H N R ERREE S B Ty- L/ty- 1 R S & R N R BB B A Tyv-38 2 iR tE s
BB ¥ ToMo VI BT IE Y 5 HE 8 Ty-1/Ty-3F1 Ty-2 2V S B Ty-2 ~ Ty-311y-5H5 - ﬁmﬂﬁx
(A E PR NAERECD ) Ty-63e 8 Ty-35ty- 58 TR AHEAR AT HUR 1EC”  Hanson®E A F]
F 57 F REE 5 Bl & F (MAS) 5 Ky th 6 O {8 470 1 S TR (BB FE 150 ~ MRy ~ i - ZE 898 -
WCBIEAR B 7S B SR 0% 3 ) B B H AL & (ETEE R EESSEIRAE R £ -

E EREBE KRB INRAEITE B - I AT ER S A RIS M » AT E ik
& DU SR U T R EERY 0 B2 - T R R B DL R Y 0 e 5 Sy A
b o AR E A R R MR N SRS - AT R AT B R o (R S R A R A
T&E > BIL T EMN o T8 > W ER N ST - WAREE SN - o Pt 5
E o ST EEANESTREBLRE - XEREFIHRIEES SRS T B R ik
Ry .

AU IEFAMASE AT A & AT & - DIEFEE A ER 2 Re Bk > FEE AR
HEATHEAVMEER  MMEREERA  SH—JH > EEUR ST - FF BT R E
HEHAY 5 T REGE N B AT R BB -

MR TTA
—

SaA WDRHELHE B Y 4/ M i 7 IR 2 Al L > B FE Moralburg 481 ~ Moralburg 9102 ~ Sinon
T-40 ~ Sinon T-82 ~ Bucolic 25 ~ Bucolic 922 ~ Tezier 804 ~ TSS ASVEG No.22 - Akash Ganga *
TMB147 ~ TMB688 ~ SV4224TH ~ NS524 ~ US440 ~ Sylviana®s ; 538N r i -t 5L ik 52 00 Y
78 CLN3552B ~ CLN3212C ~ CLN3126A-7 ~ CLN3070J ~ CLN3853C ~ CLN3900C-23 ~ F9-159
FmAEFE ) B8 iR/ 2B B S A SR R A RS S AR 351k
AR ENR -

H oy s B AR el N T Rt e - (EH 2 3 R & i 5 b 6 B 22 B 55 1 (Tomato
yellow leaf curl Thailand virus, TYLCTHV) » B:f#1£7 ~ 14 ~ 21 28K FAEIRE » sTEMHEE SR
%@E%ﬁﬁmmmmwmwm@&mméwﬁ%ﬁ1%@%%%%4%5%%&ﬂﬁt,
3R/ NE B EALEGI MGG - 4RKTER REE wbEi - NES/N 0 SEEIMEE - HkE
i 6RIFILAERD  MERSREFRRIVRR)  EHREBFENERESNNERIE > £
AN P (T) 5 FE R HH B AT RE R S 4RO 3% - R IR (S) -
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Table 1. Ty resistance genes in tomato entries

E RS RS AR — 0 O 4

Entry Genetic Status Ty gene Field Identification' Resource
SV4224TH F, Hybrid Ty-1/Ty-3 R Seminis Co.
Sylviana F, Hybrid Ty-1/Ty-3 R Enza zaden Co.
TMB147 F, Hybrid Ty-1/Ty-3 R Syngenta Co.
TMB688 F, Hybrid Ty-1/Ty-3 R Syngenta Co.
US440 F, Hybrid Ty-2 T US Agriseeds Co.
Akash Ganga F, Hybrid Ty-2, ty-5 T Camson seeds Co.
Bucolic 25 F, Hybrid Ty-2, ty-5 T Bucolic Seeds Co.
Bucolic 922 F, Hybrid Ty-1/Ty-3, Ty-2, ty-5 T Bucolic Seeds Co.
Bucolic 9748 F, Hybrid Ty-1/Ty-3 T Bucolic Seeds Co.
TSS ASVEG No. 22  F, Hybrid Ty-2 T TSIPS, COA
NS524 OP - R Namdhari Seed Co.
Ricca F, Hybrid - NT India
CLN3552B Inbred Line Ty-3 NT AVRDC
CLN3212C Inbred Line -5 NT AVRDC
CLN3126A-7 Inbred Line Ty-2, Ty-3, Ty-3a NT AVRDC
CLN3070J Inbred Line Ty-2, Ty-3 NT AVRDC
F9-159 Inbred Line -5 NT AVRDC
CLN3853C Inbred Line Ty-1/Ty-3, ty-5 NT AVRDC
CLN3900C-23 Inbred Line Ty-1/Ty-3, Ty-2 NT AVRDC
Tezier 804 F, Hybrid Ty-1/Ty-3 NT Tezier Co.
Moralburg 481 F, Hybrid NT NT Moralburg Co.
Moralburg 9102 F, Hybrid NT NT Moralburg Co.
T-40 F, Hybrid NT NT Sinon Co.

T-82 F, Hybrid NT NT Sinon Co.

'R: resistance (Incidence=0%, DSI = 1), T: tolerance (Incidence#0%, DSI< 3), -: without 7} y gene, NT: not tested.

NRA - E=3: ks ]

FHHEE 7 DNAFEHUA PR B 8L & 25 U (Smart LabAssist-32 0 228 Bl RS OR R iT B 17
BIRAE =) BE M =R EEH 3 cm B2 mLEEESE o> /il A800 pL Lysis buffer
MIASERRE 21 min> FFEE R JERGH R1% R G195 FHAFE N Z RS mine 2A8,000 gif ()5 min
B EEREATTH 7 EAE Z 6L 8 » A B B L% BE 25 HUEE - (R 2
(BIO-W4-AUTO)RE T © 4940 min52 X DNAZERY - DL Y6 EE 5T (NanoDrop One, Thermo Fisher
Scientific Inc., USA)HITEDNAJEE » f#FH-20C i -

= - B4 538 $H % FE (polymerase chain reaction, PCR)

s bR E R 2 5 F R R HIET U EE R R B R/ NF% R - BH{EAE mAEEE S
F525 ul > & DNAFRR ~ 5X Taq Master Mix (Fast-Run Taq Master Mix Kit » J -45/,35]) ~ 10
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UM [ F-4H R 5 25 B K © 1 SR & & 72 GeneAmp PCR System 9700 (Applied Biosystem, USA)
#AT 0 HeLL94°C K E10 min » BEE R FF LL94°C K2 FE1 min ~ 55~60°C K2 fE1 min ({K A [E 5| T 5%
BV T2 C R EL min » Eali =20 B L EE A 30~35{E 51 » 212 LA72°C K10 min » K &
HEE K7 FE P iE 2 W) 0 Il A 6x loading dye * DL2~3.5 %[ SFR agarose{F TBE buffert » 2100
VERBR AT EE K 77 BEZY60 min - S DAUVIEAR R ~ BEAH S AT G BRIk 2 1 70 7 R 4R(IS 2000
Digital Imaging System, Alpha Innotech Corporation) ; AfeFH7 T BEE > WHHEEEY
#(Qsepioo' " BiOptic Inc. » EEAEYFHIR MG AR AT - ZE B MEYR & -

R i A BE IR AN TS

Table 2. Molecular markers used for the detection of tomato yellow leaf curl resistance loci

Gene Marker Sequence Type' Reference
To-1/ Tv-3 M2-F 5’-GATCCGTTGATTGAAGAAAT-3’ SCAR 5
R VY 5-AGGAAGAGGAGAGACAATCC-3’
P1-16-F 5’-CACACATATCCTCTATCCTATTAGCTG-3”
Ty-2 SCAR 26

P1-16-R 5’- CGGAGCTGAATTGTATAAACACG -3’

P6-25-F 5’- GGTAGTGGAAATGATGCTGCTC-3’
Ty-3/ Ty-3a SCAR 15
P6-25-R 5’- GCTCTGCCTATTGTCCCATATATAACC-3’

5 TM273-F 5’- GGTGCTCATGGATAGCTTAC -3° SSR 5
b TM273-R 5’- CTATATAGGCGATAGCACCAC-3’

'SCAR: sequence characterized amplified regions; SSR: simple sequence repeat.

%n%'ﬁﬁan nHH

— M EREZ D FREFID M

By T HESEAT S ET 2 4 TRESERV I 5E i B 54t A1 B9 Bt LR A et 2 it R R A
HPT M IEPCREY) 2 1% T % Fr 7 BEANCBIE KBHE EL ¥ (R =) © 7 515 0L 3 18 & 35 (sequence
characterized amplified region, SCAR)4%; T IEEM2 A § & Ty-1/Ty-3biE R A - FEHLEM B
TMB147 4 7] #1264 bp/ B » 1ERUME MK Bucolic 259 A 1E252 bp/ B » AIEHIEYI P 5IIEL
BEEREUR > BV 69F AL (g - 34.3 Mb (SL2.5) » FER VI3 f# FsSolyc06g051190.2.1 »
4R By RNA-dependent RNA polymerase (RDR) » Bilfij A BF2245 52 Y54 o SCARZY F-HEEE
P1-16 7] 7 Ty- 251 MR - TEHUMEMEITSS ASVEG No. 2291 F[ #1300 bp)a B » 15 ELIE A
thE[ B4 IE 600 bp/ B > B EY)FHILL B &S REUR > LA E 119544 E 58 > 54.3 Mb (SL2.5) »
2 16 45k 1 2 4R 1 B CC-NBS-LRR (Solycl1g069660.1) K R3a-like (Solycl1g069670.1)2 ¥ifi %
B BT AZC4S B COM 7 - SCARSY T-RE5EP6-25 1] 5 1 Hi It HE Rl Ty-3~ Ty-3a B s 5L R 1y-3 »
53 A B4R H1450 bp ~ 630 bpHil320 bph B > [FHILLE4E R EUR B Ty-3af7 51 » E-valuefyle-95 »
FELRE By 85% - fiff BiEE 8 7 %] (simple sequence repeat, SSR)4;T-1EETM273 1] § 1E ty-SHi M 5=
» AF U ME AR CLN3212C B F9-159  A] B i 179 bp H B » 1F & M A4 B CLN3126A-7 B
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CLN3900C-23 [ 4l 173 bpF1 £ > FP I L ¥ 45 REUR - (LIRS 45 AL (0 fG > 31.9 Mb (SL2.5)
G AR ~ EUEM RV EAE P A1 > FTE R (TGA) > RE Ry (TGA)y (Bl —) ©
= TP TR T SR A Y B A AR R A P A L
Table 3. Sequence identity between amplified products of molecular markers in tomato accessions and
corresponding sequences of S. lycopersicum and S. pennellii genomes

S
Marker Chromosome Gene Accession Definition eq}lence
Identity (%)
Solanum lycopersicum cultivar 1-3
CP023762 100

chromosome 6

PREDICTED: Solanum
lycopersicum probable

XM 010323869 RNA-dependent RNA polymerase 100
3 (LOC101263417), transcript

M2 06 Ty-1/ Ty-3 variant X2, mRNA

Solanum lycopersicum
HG975518 chromosome ch06, complete 100
genome

HG975445 Solanum pennellii chromosome o8

ch06, complete genome

HG975450 Solanum pennellii chromosome 97

chll, complete genome

S " Sol L ' Itivar I-3
CP023767 olanum tycopersicum cultivar 1- 95

chromosome 11

JQ929641 Solanum lycopersicum sequence o5

linked to 7y3a genomic sequence

P6-25 06 Ty-3/ Ty-3a ~
Solanum pennellii chromosome
HG975445 91

ch06, complete genome

] Itivar I-
CP023760 Solanum Iycopersicum cultivar 1-3 100

chromosome 4

TM273 04 ty-5 Solanum lycopersicum
HG975516 chromosome ch04, complete 99
genome
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586-R. -----G0GGGEAATAAC-GTTTGATGATOATGATGATGATGATOATGATGACGACGACGA
512-R. ---GOGEOGTGEAA TAATGTTTTGATGATGATGATEATGATGATGATOATGACGACGALGS
188-5. -C0GG----GTTTCTAAEGTTTGATGAT - - - - - -GATGEATGATEATGATGATGACGACGA

558-5. GTEEEGTTTGTAATAAAGTTTTGATGAT - - -- - -GATGATGATGATGATGATGACGACGA

EREEEEEEE EXEEEFXERXERLTLET EREEETLE

586-R. COACA-CQAC-ATGATOATGACGATEAAOGTGATGOTGCTAGTATCTGTACACTAGTGGA
512-R. CEACGACGACGATEATGATGACGATEAAGGTGATGGTGCTAGTATCTGTACACTAGTGGEA
188-5. COACGACGACGATOATGATGACGATGAAGGTGATGGTGCTAGTATCTGTACACTAGTGGA

358-5. CGACGACGACGATGATGATEACGATGAAGGTEGTEGTECTAGTGTCTGTACACTAGTGGA

S06-R. GETGATGATGGTGATGETGGTGCTATCGCCT :
512-R. GGETGATGATGETGATGGTGGTGCTATCGCCT :
188-5. GGETGATGATGGTGATGGTGGTGCTATCGCCT Gh

Ga

55@-5. GETGATGATGGTGATGGTGGTGCTATCGCCT!

B e e T T T T T T T T T T T e

& — ~ AR L TM273 7 TRt Sl S FEFTINE Y < -5 i B 75
Pl 506 B 512 47718 CLN3212C B2 F9-159; gk} 180 B 550 43 B CLN3126A-7
B1 CLN3900C-23 »

Fig. 1. DNA sequence of #y-5 determined by sequencing PCR products amplified using TM273 molecular
marker in tomato. Resistance lines 506 and 512 were CLN3212C and F9-159, respectively.
Susceptible lines 180 and 550 were CLN3126A-7 and CLN3900C-23, respectively.

T HCHERBZNEREETE

1E [5]— B FR A2 R [E] Y E [Al (gene pyramiding or gene stacking) » N & Tl £ ARV R IR
1o A SRR A 2 (LB (genetic basis) 1 AE B NI PR BHIUR R i 19t =2 1% 55— 0516 - A Fl
FHFEAZ 77 U AL A R E AR B EAL P AR B A R (FERY) » Fldm a8 198 2 #E5C 4
£ (105-0-9) » HFHH Ty-2 2 BB R 2298 B X 2 E R BEAR » B H Ty-1/Ty- 35 BN 2
TMBI147H X TR » HEG B L2 UM AR AV2(E F AR © 4R 57295 2 fEsC i &
(105-O-11) » &N BA Ty-1~1y-5 2 Gtk S B R E B8 B 514 K e 2 NS524 5 X R ME A BREA
» B Ty-1/Ty-3Pi M S AR 2 TMB147H A8 25 %2 - IESE AP EE R AY2(EF, B
4R 7355 Z FEACAH G (105-R-8) » (A5 A Ty- 20 ML BE R 2 BE R 2255 B A R FE R TREA - 813
HTy-1/Ty-350 M F L B R 2 TMB688 H A8 1 MEITHERS - JEASA(EF, B ik » o L8] B PR M A2 2
B EE S S EE N - 4R5R49% 2 FERC4HE (105-R-12) » (BB A Ty-1/Ty-35iEH AL RN 2
Sylviana[H 8 % » B A Ty-2Pi 1E S AL B R 2 SRR 2255 A2 2 TR » JE15 L{EF, Bk e i
EPTERL R - 4Rt59% 2 FEACAH A (105-Y-3) » & A Ty-1/Ty-35 1 M FE AL B R 2 SV4224TH
H A ZF Ry BEAS » B35 Ty-28ty- SHUME S B R 2 Bucolic 25 H A R MEITHESS > FHESH 1% »
Foor B RE S A 3(E BEpk > Hoob LE B AR B3 E P M N > Wo-SHEBMEER - HsHREE
RPN EVE &S G N -5 o HEETIERS 3EF M ST 4 & A B 2B B B R (Ty-1/Ty-381Ty-2) > 1
{E[F \ #E S8R &2 A Ty-1/Ty-3 » 3B F o0 B R B e e B S B 45 S AV DM AR R (Ty- 28 1y-5)

Fo T RE DR RS 2 = Y FEFE B B Rl = £ 878 (three-way cross) 28 ([# B MEFE L R A
Wm GRS E 1455 F ol EAT4H & > HEB2(E A &S S I PUIE R R A (B 45 57 1055 HE B Ty-1/Ty- 38
ty-5 » HERHEB Ty-1/Ty-391Ty-2) » 1R EANE s BEIG R BN FE B &S S P R - IR & =
HRAE - LUEREARSERMERZ B A SHEIE BFASTHEA -
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U~ FBFSCAHE RS Z UERRDY Ty-1/Ty-3 ~ Ty-2 Bl ty-5 5 7E
Table 4. Identification of resistant genes Ty-1/Ty-3, Ty-2 and ty-5 in progenies of crosses in tomato

D Genotype Generation o L;)(:J.ZSI —
! ;OSSS_OA_Sg\/EG No.22 x TMB147 By H H S
2 11\10355_; lxlTMB147 Fy R S S
3 ;(;Z-IX:VEG No.22 x TMB688 B R R S
4 ;(;fvi;llazx TSS ASVEG No.22 Fy R H S
> ;Sigz_jm x Bucolic 25 F, R R H
6 IIJOSS;ZE)’]X Bucolic 25 F, S H R
7 lleSS;lZE)SX Bucolic 25 F, S H H
5 ET?S-SB:S%EG No0.22 x NS524) x Sylviana Three way hybrid ~ H H S
’ E;)S_SB:S“\%EG No.22 x Ricca) x TMB688 Three way hybrid ~ H H S
10 ﬁi_si—é}iiga % (TSS ASVEG No.22 x Ricca) | 1vee way hybrid - H S H
i (ll?g-SSz_SléEIgEG No.22 x Ricca) x Sylviana Three way hybrid H H S
12 g;")g-ssz_slé(liiG No.22 x Ricca) x T-82 Theee way hybrid H H S
13 106TSu—153 ~ Three way hybrid H H S
Tezier 804 x (TSS ASVEG No.22 x Ricca)
14 105108 Three way hybrid H H S

(TSS ASVEG No.22 x Ricca) x Tezier 804

'R: homozygous for resistance; H: heterozygous; S: homozygous for susceptibility.

= ATYLCVEMBERZRZEN

A > oy TREEEAE H R AR B S E AR L2 S DU MR AT B B34
B BN S R R > BRI NES - S8R R B AR 8
FH i e e e B 88 2 @ - AR SR A 4R FH R S T T RS0 R P M AT I XX R - I
P& AET IR AN Z 8 E (R T) - SRR - MEBERTH R EE & Ty-1/Ty-391Ty-2.2
PUMEE AL BN (SRR 10 ~ 1182125%) » 4 BRI A [FE 45 & Ty-1/Ty-38 -5 2 Gt B £ A (4w
F%2 ~ 14BL155%) 5 Py BEERERRAR 5710 ~ 11~ 12 ~ 1458 B[R E & & 2 PiiE R R > HERFHE
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AT AR EERER  HIMNEIR4 - SELTRE3E B AL R 2 PiiEERE(Ty-1/Ty-3) B [EE &5
& HEBERM S L > WEAHEKFEEREEERFEAE  BRAERER L Mm%
6 ~ BEH9GRBET, H A8 - (HEFNE Mk Z FIMEARIIR —5 - HRE 2Rt Z it AR
RED o SEAHESE W) 45 8 T Moralburg 481 ~ Sinon T-4082Sinon T-82% S 1] BE 75 5 Ty-1/Ty-32
PN EAN > Moralburg 9102 F] AEFFH Ty-1/Ty-3814y-5 = 5545 » CLN3552B#1 Agash GangafE
Fo 0y B R BE T2 o3 BAR AN 2 Ty-282 Ty-1/Ty-3 7 HUMESE A1 AR > T US4401E F,o o0 B IR B g R 2]
Ty-1/Ty-38ty-527 Gt Ar BN b = 77 Bl iR B By BL R — P o B AR RN — 20 HEMIAT AR (4
RIS (HHWERNEREARR D BEEEHEAEBEAFEISE  DESHEA -

T BB R ZGUERERA Ty-1/Ty-3 ~ Ty-2 B ty-5 #55E
Table 5. Identification of resistant genes Ty-1/Ty-3, Ty-2 and ty-5 in inbred lines of tomato

. Plant No. Locus'
ID Genotype Generation :
(Resistant/total)  Ty-1/Ty-3 Ty-2 -5

1 105-Y-17, Bucolic 922 F; 2/10 H S R
2 105-Y-17, Bucolic 922 F; 2/10 R S R
3 105-Y-41, Moralburg 481 F, 3/3 H S S
4 105-W-33, Tezier 804 F, 6/6 R S S
5 105-W-40, Tezier 804 F; 7/7 R S S
6 105-W-48, Sinon T-40 Fg 4/6 R S S
7 105-W-50, Sinon T-82 Fg 5/5 R S S
8 105-W-55, Sinon T-82 Fg 4/5 R S S
9 105-W-68, Sinon T-82 Fg 6/7 R S S
10 105-W-71, CLN3552B F, 2/2 R R S
11 105-W-74, CLN3126A-7 F, 1/1 R R S
12 105-W-75, CLN3070J F, 1/1 R R S
13 105-W-85, US440 F, 12 R H S
14 105-W-85, US440 F, 1/2 R S R
15 105-W-86, Akash Ganga F, 1/2 R H R
16 105-W-90, Bucolic 922 F, 1/6 H S H
17 105-W-96, Moralburg 9102 F, 2/5 R S H

'R: homozygous for resistance; H: heterozygous; S: homozygous for susceptibility.
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Table 6. Identification of resistant genes 7y-1/Ty-3, Ty-2, Ty-3, and ty-5 by foreground selection in
backcross population of tomato

ID  Genotype Plant No. Locus’

Ty-1/Ty-3 Ty-2 Ty-3 ty-5
3/8 R S Ty-3a S
| 106-Su-4 2/8 H S Ty-3a, H S
(105-0-9) x TMB147 2/8 R H Ty-3a S
1/8 H H Ty-3a, H S
R S Ty-3a S
, 106-Su-6 421;2 R S Ti-.?a H S

(105-0-11) x TMB147 ’
2/8 H S Ty-3a, H S
3/10 S S S S
3 106-Su-143 ~ 106-Su-144 3/10 H H Ty-3a, H S
(106-R-8) x TMB688 2/10 S H S S
2/10 H S Ty-3a, H S
4 106-Su-151 4/5 H S Ty-3a, H S
(106-R-12) x Sylviana 1/5 H S S S
106-Su-155 2/5 S R S S
5 (106-R-12) x 2/5 S H S S
TSS ASVEG No. 22 1/5 S S S S

'R: homozygous for resistance; H: heterozygous; S: homozygous for susceptibility.
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Molecular Screening on Tomato Germplasm for
Tomato Yellow Leaf Curl Virus Resistance '

Ching-Hsia Wu?, Jia-Fu Lai’ and Yu-Heng Lin

ABSTRACT

Tomato yellow leaf curl disease (TYLCD) is a severe threat to tomato yield and
quality. However, the protection strategies for controlling TYLCD have not been effective
so far. Therefore, the development of resistant cultivars against the TYLCD is one of the
most effective method to manage the disease. In this study, molecular markers linked to
targeted resistant loci were used to screen in several tomato breeding lines. The results
showed that the sequences of PCR amplified products were aligned to that of the tomato
reference genome and specific loci for the TYLCD resistance. In order to pyramid genes
conferring resistance or introduce resistant gene, different hybrids were generated.
Ty-1/Ty-3 and Ty-2 were stacked in three F, populations, Ty-1/Ty-3 was introduced in one
F, population. Three F, populations were detected containing heterozygous resistant genes.
The combined results of identification of resistant genes and evaluation of horticultural
traits indicated that three inbred lines harbouring homozygous Ty-1/Ty-3 have potential
for release as hybrid parental lines. For foreground selection in backcross breeding, six
individuals were pyramiding successfully with two resistant genes, fully homozygous

lines in successive generations will be developed.

Key words: tomato, tomato yellow leaf curl virus, marker-assisted selection
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