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Virus

. . /1
Fu Rongrong B, Liu Yang B, Chen Huoying =
School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai, 200240, P.R., China
B Corresponding author, chhy@situ.edu.cn; = Authors

‘aak

http://mpb. 5th.sophiapublisher.com

doi: 10.5376/mpb.cn.2011.09.0091

Abstract We identified the Ty-1, Ty-2 and Ty-3 resistance genes of resistant and susceptible tomato materials to tomato yellow leaf
curl virus using PCR method in the research, and verified the resistance in the field by nature infection. The results showed that PCR
method can rapidly and accurately detect resistance genes among the different tomato germplasm, and the materials which contains
both Ty-1 and Ty-3 resistance genes have stronger and more stable resistance; and Ty-1 and Ty—3 resistance genes are incompletely
dominant inheritance. So on the process of breeding, PCR method can rapidly distinguish the different resources of resistance, the
breeders can combine the resistance genes in a single genotype to reach the maximum level of resistance.

Keywords Tomato yellow leaf curl virus (TYLCV); Resistance gene; Field validation

MRE=

e i Ak i 9 (TYLCV) A2 BR i 7 i 2 7=
R B H 2, i FF T 1939~19404F 7 LA {1
I R KL (Pico et al., 1996), & XA % 2k
(Geminiviridae) 3¢ . 4 i /£ 1195 23 J& (Begomovirus)
[ 78 it 5 4 1 995 5 (Tomato yellow leaf curl virus,
TYLCV) 51, i fH ¥ El(Bemisia tobaci)fk
& o A v A i 9 T4 A R AT Ry M X

Az, P E R LR DR R TR, WA T
BRI A {20 2L 904EAR B B K . 201
L0 LA, Bl A BRARARE, B B B
T S AE R, SO A A i R AE40 2 A B OK T
U RN BN, o™= B B T A
X 7 i 1) 477 (Varma and Maltathi, 2003; Boulton,
2003). JUH /20055 LA, F i sl i e 4E E
MR SO TR AR B A, AR AN A 7= 2 31 T Al ™
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(T 44, 2005; 1E5°4%, 2008; F 4B,
2006, KYTERSE, 10: 25-26; S/KINAE, 2007, HE B
3¢, 5: 57-58; BAGMEE, 2007; AL, 2008, VLN
B, 6: 114-115), )L O 2 b5, K,
TG T HL DX o AEAS ] X (1 7 700 3 1 i -5 253
RN, AT AT T ARt e gENg,
T 1 S e 2 B & R E A, A PTIE IR
. AL HELREE AT R B AT
T2 o (HTYLCVAN ARG I N T BB R LA
85, T DML GRS i, R A R
B TRERN, ARG A RR R, HIX 252 2k
PR Ry B AE KSR Al 3 AN AR B 1)
e, HIT/ERERK. RS Fhaid B &
H G B AR BT S DR, A PO A A,
TIEHTIERARE, IR E R ERE . A B
AT 2 P AR IL U T S e R R A,
Tk ) [ AR R0 (1) 7 AT BE DA e 25 0 T 7
(1) 325 A R U SRE R LTk (5, DAY
o R A PO B R AR L fE R

18R 500
1.1 Ty- 1 R 45 R

DL Ty- 150 BE A S 2 B [ CAPS L id 4 7|
Yy G 5 R R W (K11, K12), ek DR A A ke
#o14 H1398 bplrfr e By, (HTy-15E[4111398 bp
RS Bt Taq 1 1) J5 0303 bpFl98 bpids = v
B, ty-15EIK (19398 bp s 7 v BeAS g b Tag T B 1)
Freiskll, 2, 3, 5, 9, 10f0ZERI A A Ty-1/ty-1;
MEl4, 7, SHIZENA NTy-UTy-1; K6, 7, 8
FEDR Jyty-1ty-1.

1.2 Ty-2 it R R 45 R
DA 55 Ty—2470 M DR 55 % 2 B ¥ SCAR 25 i 2y

M1 23456 7289101112

1000 bp
700 bp
500 bp
400 bp
300 bp
200 bp

K1 Ty-13L K (I CAPS 5| 3 1 45 5

7E: M: DL1000 DNAFRIL; 1~12: #1 M

Figure 1 The amplification of Ty-1 gene using CAPS1 primer
Note: M: DL1000 DNA marker; 1~12: Materials number

M1 23456 7 89101112

1000 bp
700 bp
500bp
400 bp

300bp
200bp

K12 Ty-12: K I CAPSLS |99 14 )5 2 TAQIT ) 45

71:: M: DL1000 DNA Frid; 1~12: #4 M

Figure 2 The amplification of Ty-1 gene using CAPS1 primer
with TAQI Digestion

Note: M: DL1000 DNA marker; 1~12: Materials number

1Y 1G a5 R W] (13), B A AR B AT B B
Ty-234 51900 bpffIFr s B, AN 1 Hhty- 255 D4 (1)
800 bplfIHFs v Br, RIAITAH B E MBI
Ty- 29t

M12345¢6 7389101112

1 000 bp
700 bp
500 bp
400 bp
300 bp
200 bp

B3 Ty—25L [A [ISCAR27 | 4547 8 45

7 M: DL1000 DNA #rid; 1~12: M kk g

Figure 3 The amplification fragments of Ty-2 gene using
SCAR?2 primer

Note: M: DL1000 DNA marker; 1~22: Materials number

1.3 Ty-3pitEE R W 4 R

DL 55 Ty-3% % i 45 1 SCARS bR i 4 51 1K 9™
$if 48 BB, Ty-33E B 48 650 bplfdes s H B,
ty-3HE DR {4 14 H 119320 bpffyhs 5 11 Be(K€l4) . BTk
e, 2, 4, 7, SIEEEIA HTy-3My-3, FHEL3,
5, 9, 10fERIA A Ty-3/y-3, Fkt6, 11, 12(f5%E
7 Jyty-3/ty-3.

M1234567 89101112

000 bp
700 bp
500 bp
400 bp
300 bp
200 bp

K4 Ty-33E Kl [1ISCARSS |4 i 45 1

¥ M: DL1000 DNA #xic; 1~12:44 kL 4 5

Figure 4 The amplification of Ty—3 gene using SCAR3 primer
Note: M: DL1000 DNA marker; 1~12: Materials number
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14K HEHES R

TR T FH 1243 Bt A EHIAE A TY LCV 2 R
MR G, ST YUR S . BE g Rarr
L2 MR R 30 s, TN, 240 K (R ).

FH )R 6 45 R, [R5 P Fh 4l & o ik
DR ) P, BT A AR TCAT AT ok, RN S
T-Aﬁ%ﬁ#ﬁ%l H—FhprrE i A 4l 4r,

—FPPUPERE R A 2 A (R, R R R AT
&,Aﬁ¢ﬁﬁ%ﬁﬁﬁmF%>%%%WﬁmF
HEA Mol GPiE e, sl ARG it st
DRIy P, SR AEAR AR, D EORARAT
WOk, ANHAETEE R, BRI PURE, (B
Vs AN AT MU R SR, R A Ak
AT E R, A BRI, BRI
e P51

RL AT R DU T AR

Table 1 The resistance evaluation to tomato yellow leaf curl virus

218

Sy TR S 45 55 K R B P 4 SR — 3L,
B AT Ty 1Bk Ty-3HU I H 1 26 A ot o e B L A R
FERIFEE, TS E5 25 A 28 1 b R 3 D e
Fh 22 B o0 B O (R 5 5 5 VS B S R
s EREDRR (2B RBR0 B R TARE 2 175 WA [ i 36
HULORIRI B, FRRRE 5 Y 7 J5 2t — Bt
I V) AT A% 4y v e e, i IPCR S
VEARSZIR B, TR SO R I B LR
HET e PUIEAERE, IR E Rt

Y34h, R IG 45 R W, 26 BT RN S A Ty-1
AITy-3PrrkIE I By AP, S 4G Ty-1RTy-341
R R 5 o R B P ) S s T A 2 B Ty -1 4l
ErTy-3HUME L A () S AT, U B 7 A AL i e
Ty- 1ML R s A T e AN s 4 Bkt &

P Vi1 HEIE T P K]
Number Scale Disease Index Disease Scale resistant gene,
0 1 2 3 4

1 14 4 1 1 0 11.25 R Ty-1 244, Ty-3 4%

Heterozygous Ty-1, Homozygous Ty-3
2 15 3 2 0 0 8.25 R Ty-1 244, Ty-3 4l

Heterozygous Ty-1, Homozygous Ty-3
3 12 4 2 1 1 1875 R Ty-1 284, Ty-3 &4

Heterozygous Ty—1, Heterozygous Ty-3
4 20 O 0 0 0 0 | Ty-1 4li4, Ty-3 4lis

Homozygous Ty-1, Homozygous Ty-3
5 12 3 2 1 2 20 R Ty-1 244, Ty-3 245

Heterozygous Ty—1, Heterozygous Ty-3
6 13 3 1 3 0 175 R Ty-1 464, Ty-3 6

Homozygous Ty-1, Homozygous Ty-3
7 20 O 0 0 0 0 | Ty-1 4li4, Ty-3 4lis

Homozygous Ty-1, No Ty-3
8 20 0 0 0 0 0 | Ty-1 44, Ty-3 s

Homozygous Ty-1, Homozygous Ty-3
9 14 2 2 1 1 16.25 R Ty-1 284, Ty-3 &4

Heterozygous Ty-1, Heterozygous Ty-3
10 13 3 1 2 1 18.75 R Ty-1 %4, Ty-3 244

Heterozygous Ty-1, Heterozygous Ty-3
11 0 0 0 3 17 96.25 HS Ty-1 76, Ty-3 &

No Ty-1, No Ty-3
12 0 © 2 1 17 93.75 HS Ty-17C, Ty-3 &

No Ty-1, No Ty-3
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Ze 5 Ty— DRI Ty 3450 M2 DAL ) it b ) 0 1 S )
[ RS nTy—HD/« =Ty SHUHESER R, 1A
A 0 T IR R Ty -39 Tt BE R s A% v A AN 58
SR TALS UL (N

L BRI ZAERSS ), AEPUE s Ak
WA M7 A T RE . (2, K2
PO AT A (0 M s, BEAHEE AT
AANPUERED, 2 A A I, R
(EESTTE: 9N 5,2 X1 o (W SCOF 70 250 [ P £ U/
Wio TR 2D PUHERERIR S 3] — AN A, TRLR
@%mﬁémﬁ%EHFM?ﬁoﬁﬂﬁﬁﬁmﬁ
IR TY-1. Ty-2. Ty-3. Ty-4 & Ty-5hitEit
RIS 2 S 73 1Al AR EA T (Zamir et al., 1994,
Hanson et al., 2006; Garcial, et al., 2007, http://www.
plantpath.wisc.edu/, Geminivirus Resistant Tomatoes/
Markers/MAS-Protocols/Ty2-TGC-Garcia.pdf; Jensen,
et al., 2007, http://www.plantpath.wisc.edu/Geminivirus

R 2 FPRHL R BRI

Table 2 Names and sources of materials

ResistantTomatoes/Markers/MAS-Protocols/Ty3a-alle
le.pdf; Ji et al., 2007; Ji et al., 2009; Anbinder et al.,
2009), FF 2 5 m] LUF HTAH SR (73 F ic S In e i
PO LT Ig, JFEE A ARG A Mok LT R 2R
FR AR, N E RS )L
FFABUIE R 2 AT R A

PRI, i s ot YR A S R, TR
FFANIEH A MARL, I 3R AN R RN AR 4 S
P, B B BAE) . R AGUR I AT i A
h B i T T R T 1]

MRS Tk
3168

AR S T A4 1~10 2 S5 =5 W[ 05 Fh
(¥ 285 i 2L AT ST AR, 11~12 04 JE R 8 i
FORPEL RORHR R BRI 2,

MEF5 A4 FR U5 e A4 R K
Materials number Materials names Materials sources Materials number Materials names Materials sources
1 3 eS| 7 RT-Mannila iRV
Jiamei France Spain
2 G PHPEF 8 RT-019 [iE2is7a
Fulan Spain Spain
3 RT-018 PR 9 RT-020 RS
Spain Spain
4 RT-037 VHYEF 10 RT-022 [iE2is7a
Spain Spain
5 RT-009 VHYEF 1 fif i
Spain Xianfeng China
6 RT-034 VHYEF 12 TR ol
Spain Jiaoza 1 China
3.2519E R 3.3 PCR¥ 8 5kl

s 5 7 B A I Ty- L i R B A 1
CAPS1FRiC 5142 I Zamirs: A (1) ¥ 1 (Zamir et al.,
1994), %5E Ty-2Hu ALK 4 IF SCAR2A5 1. 5
Y% I Garcia®s A\ 111 (Garcial et al), %5ETy-3
PUPEIE R B A (19 SCARSHR AT 514 2 I Katie 2 A
%t (Jensen et al., 2007). 514551 &Ly 1=
VIR B L3RR A, BT 5 W b A TR+
AR F G

F CTABIESEEL 124 F i Af i (K i EADNA,
V£ PCRIAH . JH T PCR I (R 73 A L
WM TR AN . PCRIRNAKZRW T kK
DNA 1 pL, 1E[FI41 pL (2 pmol), 541 ul
(2 umoL), dNTP (10 mmol/L) 0.8 uL, 10X Buffer
2 ul, Mg® 1.6 pL, Taq##50.5 uL, b 75ddH,0 %20 plL.
PCRX NFE 71 : 94°CAZ 5 min; #8/594°C, 30s,
55°C, 60s, 72°C, 1.5 min, JL354MGHR; #J572°C
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3 PRI e BT 514

Table 3 The resistance gene and the sequences of primers used in the identification

B PR 44 B 519 bl

Gene name Primer Sequences

Ty-1 CAPS1 F 5'-TAATCCGTCGTTACCTCTCCTT-3'
CAPS1R 5'-CGGATGACTTCAATAGCAATGA-3'

Ty-2 SCAR2 F 5'-TGGCTCATCCTGAAGCTGATAGCGC-3'
SCAR2 R 5-AGTGTACATCCTTGCCATTGACT-3'

Ty-3 SCAR3 F 5'-GGTAGTGGAAATGATGCTGCTC-3'
SCAR3 R 5'-GCTCTGCCTATTGTCCCATATATAACC-3'

A4 AFITUR A EHTIESE R B R R bRl P 1 K
Table 4 The genotypes of materials with different resistant gene,and the amplified fragments length by the markers

Ty-1 FE A Ty-2 K Ty-3 FE K
HFa AR #1474 (bp) e it #1474 (bp) HEPAI Y 54779 (bp)
Gene type  Amplified product (bp) Gene type  Amplified product bp) Gene type  Amplified product (bp)
Ty-1/Ty-1 303,95 Ty-2/Ty-2 900 Ty-3/Ty-3 650
Ty-1/ty-1 398, 303, 95 Ty-2/ty-2 900, 800 Ty-3/ty-3 650, 320

ty-1/ty-1 398 ty-2/ty-2 800

ty-3/ty-3 320

JEAH10 min, ARJSHPCR™ 4 T-1.5% B g Sl
Uk, ETFRIBER G R G IR A o

3.AHE] B2 R RE

20104£-9 H 3 H T3l VL FE Hh A P ke I ER — ok
AT A PR IR I A R, SRS R
— W, WERMERAZE. —AH G R
I S 150 - HCH Lapidot4%: (Lapidot et al., 2001)
Pt g0, HERIETREL AT

Y G SRR
= e o T

& TRk

AR, XA IR K S ARRIT T 1 S 6 e v A SRR
MRAT N s AT RRBSERREE T, R SCHIRa S A A%
A2 st W EE R T MRk 2T H R 8
HRMTIN, Rt BT, eSS B
A A B ) B S IR SO

EX4)

ARSI TR AR FE S OCT H ()R BB
(2007) 555-15 ) FA L ifg 17 2 o 27 R e 101 H (B209) 3L [ %%
B o VB JKUATE 70 A4 2 B0 ) 2 A AR S i R v (R e AR SRR
13 2 ML

Sk

Anbinder 1., Reuveni M., Azari R., Paran 1., Nahon S., Shlomo
H., Chen L., Lapidot M., and Levin I., 2009, Molecular
dissection of Tomato leaf curl virus resistance in tomato
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Appl. Genet., 119(3): 519-530

Boulton M.I., 2003, Geminiviruses: major threats to world
agriculture, Annals of Applied Biology, 142(2): 143
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