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E7 A A L RS E Ty-1 9T E SNP #RiE
HIFF %
Bk, ¥ A, FRE, TEE

(e Rl K2 bl 2R AL )2 A R i s 5, i 430070)

B OE AR S IR Rt B SNP ARSI L, LR SNP AR IR IR, I
ﬁk%f”)ﬂ?%ﬁuﬂmﬁ@cﬂawﬁm%l Ty-1 1) SNP i JF Ay, 4 7 ol o 8 Y 46 s R A R 23 g AR

BHRE MR . WU AL Ty-1 RIS A7 I8 ZE A ty-1 1) cDNA JF AT Ext, Bhik T A Fasc i i
SESTESEIPEN ﬂtuﬁ s SR B Ty-1 Al ty-1 1) SNP #xict NL3 FI NL2, B A baid AT & 19 31
XUHE SNP #rict NL2-3. Jfid H NL2-3 &5 A Hom AU & Atk kL, 300k T H 28 tfsett. -
NL2-3 X Hi i ARk 1) F;ﬁ%&:ﬁ%ﬁﬁﬁuﬁ HAS AT T Ty-1 ik, IR it — L RiE
T bR AT EEPE . VAT RAF B X SNP b ic A 7 ZEHEAT— I PCR SN A — URE R L vk At v] BAIX.
SAGPL. AP AiAE 3 FORAL, 1R E T RE R R .

KEIR: Tl PUEmEAL IR XCE SNP bRid

hESES: S641.2 XEIRRRD: A XEHS: 0513-353X (2014) 08-1583-08

Double SNP Marker of Ty-1 Alleles in a Co-dominant Manner in Tomato

GE Nai-peng, CUI Long, LI Han-xia, and YE Zhi-biao"

(Key Laboratory of Horticultural Plant Biology, Ministry of Education, Huazhong Agricultural University, Wuhan
430070, China)

Abstract: In this research, a novel method to develop co-dominant SNP markers which was called
double SNP markers was developed. This new approach was used to obtain a double SNP marker named
NL2-3 of Ty-1 gene resistant to TYLCV (Tomato yellow leaf curl virus) in tomato. The process of
developing the NL2-3 double SNP marker included two main steps: Design specific primer pairs of
resistant and susceptible genes individually based on two ideal SNP sites and mix the two specific primer
pairs in one PCR reaction system with a proper ratio. With SNP marker NL2-3, we identified 5 resistant
and 7 susceptible inbred lines and 3 homozygous Ty-1/Ty-1 resistant individuals, 11 heterozygous Ty-1/ty-1
ones and 2 homozygous ty-1/ty-1 susceptible lines from F; segregation population. This result was
consistent with the field inoculation assay. We concluded that as the first double SNP marker of Ty-1 gene,

NL2-3 can be directly applied to marker-assisted selection and would speed up the screening of
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BEEWE: EHFKIRR B AR RE R LIEETH (CARS-25-A-02); BT B IEREAF 72750 B (2014020101010070,
2013021702010584)

* JW{EVE® Author for correspondence (E-mail: zbye@mail.hzau.edu.cn)



1584 Eie 41 %

s
$E

resistant breeding and cultivar evaluation.

Key words: tomato; Ty-1; double-SNP marker

LA, itk i (Tomato yellow leaf curl virus, TYLCV) 515 )38 i 4 4k th -
OV At S g 2 7 b e T B M B 1N FE 2 — (Jones, 2009). 35 & PO T db BlE B v e AR
Ai&4E (Abdelbacki et al., 20100, CZMEFER D EM T 5 MPUIEEER: Ty-1. Ty-2. Ty-3.
Ty-4 F1 Ty-5 (Zamir et al., 1994; Hanson et al., 2000, 2006; Jietal., 2008, 2009a, 2009b; Anbinder
etal., 2009; Huttonetal., 2012; Verlaanetal., 2013), Hay&aidims &R =22 M Ty-1 K Ty-3 1F
N EPURIENE . Ty-1 F1 Ty-3 AR, HIEER P A O 7% (Verlaan etal., 2013), X 5L
PRI B R BEE T A

MZFIR Z APE (Single nucleotide polymorphism, SNP) J&3EEAAIERZH DNA J¥41 i BA%
TR, AR EAZ TR A . B, IARGR, AT 2SR o0, oyt
] (Wang etal., 1998). f#f AL 741, FIH SNP A7 5 nf LU & A 2R Fbnid, SHe
TARICARLE, SNP BRI bRic Ao AR IC AT H R 1) 40 2y, St iase thm, TRl HArork
SNP K PRI e b F o 3 H dge )32 16 70 B BOR 2 S5 A7 JE RIRR 5 PCR $2R (Allele Specific PCR,
AS-PCR), FHEfRH K PCR FIP B 584 R4 (Amplification Refractory Mutation System,
ARMS-PCR).,

AL FERIRE S PCR K (AS-PCR) LA R BL AR Y —A~ SNP 47 i MR 7514, R 55514
B 3 AR 5 SNP A i — APl 2 B AH [F] 5@ B b, o — 4% 5 1 Wk He BOE W 18t 7 vk wet RIEAT .
R 1) AR — MR R AT B 1) 7, A8 S — PRI AL AT o BRIl R P I PCR S AT — 1K
B RN I A A T, e SNP LAY (Drenkard et al., 2000). 7458, T35
Feretk, IR ZHP0E 3R A 3 )5 2 B 3 A7 5] NBTECHRAS, AR ICORIE S 37 A iy )R O AL
FIVEHT, ROKBEAC 7519530 3R AN HAMERCZ B B RE A, MITTHem T AS-PCRHERA P
(Newton et al., 1989).

Hi20 PCR 2 AR WHRE 5 5 | a3 1 4551085, 58l s W sEe ot i, H 3 AN 51 E
TE BT 5 | kAT 520 PCR, #8057 5190k ek, 980 THRFIYE (Soleimani et al., 2003).

Ye %5 (2001) 5T ARMS-PCR X HL20 PCR M 18— Hysudt, Bt 4 4514, £ SNP
Rr BT P 45 AT [ A SRR 514, 1R BrH A AS-PCR AR SIS S | ATk, J4h
PR Ml . anith, 4 4T IAL 3 RS IRE, R 3 A IR AR A A, A AR IR A
afi G, R 45T B RN AT LA W — a5 A o IR BT — IR PCR S A — IR B8 I FEL DK gl ]
PLX 53 3 Fh L PRI

AHWEFAE Ye 55 (2001) (1) SNP 23 BUEOR (3660 FAS T 8E—20 okadt, BRIEHCR AN SNP A7k, 4
X514, oA —XF 5 e 7 5 1 RE 1) 3 R b 5 180 SNP A7 s UCHEL, 53— X 51 s 51
WIBERD 3K Ui S50 SNP A7 S ULEL, 513l B4 AS-PCR A FCHRFE T I NI 78 oh Tk S 6
S AT, EHIPRAS SNP A7 fi 754 R 41 AR RS — & 4 B 25 (NL2 AT NL3 AHF% 10 271
bp). Wik, 4 &G4l 3 X514, HTMA SNP A7 8 2%, JE%E T 45 a4l 5149
XIAEAT BRI 3G I 18] AN BES B9 A R0 B bR T 1 X PCR WAL 1 RIS FLUK Sl 7 g v]
X5 3 MDA, SR FRIKAS A P AR IR AR G AL, A AR Al A B, AR R RN ] B
A SRR —Fhali 57, AW AS-PCR T2 K PCR K NAHEL, /b TiRE 0K, & TRE L
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QY VR SRS DARES

1.1 EITE

T 2013 4F 4 HIEFHASEE = S48 CAPS #5ic (Michelson et al., 1994; Chen et al., 2012)
AL 560 L TP 25 45 21 1) g A QLU B PU Al s A i 25 A48 (H26. H31. H36. H86), 7%
UMkl (FH20. FH21. FH23. FH24) RSO EL (AC. HG2. HG4. HG61) H T SNP 73 fhx
IR -

2013 4F 10 HZHATRBTRRIR O TRE 5 % w . ARSI SR B A kL HGO1 x 4l G5t
KL H86 1) Fs A7 BRI F A8 RAENEAT BEAL SNP 43 24 i 16 %5 5

1.2 E[F4E DNA (gDNA) HJIRERS3|4i&it

A5 b B ik 4l i), 2 2% CTAB 12 (Roger & Bendich, 1988) $#2 HUFE X141 DNA, A NanoDrop
2000 J5E OD {f, IR HRRE 4 TR 300 ~ 500 ng - uL s

Wit LA CERIATFS 5 W02012125025 A1) $R3) Ty-1 J 05 567 FE A ty-1 1) cDNA 741,
HARYE SRR (Verlaan et al., 2013) 321 gDNA ¢4 Je HAE AL NAL LA E . ] PrimerS.0 4K 4
B HRESF11) PCR 514, 5140 th AR Ik DR Al 2575 BR A 7] 45 1o

1.3 PCR ¥ & & =44

B4 54 PCR OWAKZ 20 uL: 10x PCR Buffer 2.0 uL, dNTP (10 mmol - uL™") 0.4 pL, 1FX
519 (100 pmol - L) % 0.4 uL, gDNA #i# (300 ~ 500 ng - pL™") 1.0 uL, Taq #§ (5 U - uL™) 0.2 pL,
ddH,O Mg 20 pL.

WG| PCR R NAAZ 20 pL: 10x PCR Buffer 2.0 pL, dNTP (10 mmol - pL™") 0.4 uL, NL2
ER G4 (100 pmol - L) 4% 0.4 uL, NL3 iE& 5|4 (100 umol - L) 4% 0.2 uL, gDNA #HRK (300 ~
500ng - uL™") 1.0pL, Taq#§ (5U-pL™") 0.2 uL, ddH,0 #ME 20 pl.

Buffer. dNTP Fl Taq B 1] H Transgene A 7] o

PCR X N AEFF: 94 CHlAE 3 min, 94 CAtE30s, 57 ‘CiBk30s, 72 CHEME105s, HHAT
35 AMEFR; 72 CZEM 10 min, 4 ‘C{RAF 10 min.

HERS KA : PCR P2 EB GRALZEE) 1) 1%BIHE7E 100 ~ 120 V US4 R HLIK
30 ~ 40 min, IS RAEBIRBIR RS IR,

14 HHMFEHELEE

T 25 P 3 30 P PP R (B k), 8 3 BRI N TR T80 28 OB A P 5 1) R A
CIVE AR SRR ARL, ANWUEAT AR R, ARI BAR A o Heh a8 WIS R Wit D
30d Ja, R IR RE AC 58 42 A0 I GE v 25 T an AR A 1 Do

e A 0 B T FE VAN R vE (Friedmann et al., 1998): 0, FEARICAT AT BRI 5
1, Tl S FI S LR O B4k 2, MERR 3o i oK o HR B AR Sy s Ak A G it s 3, REAR I
M KRS, S S AM I, R AR/, (AR T4k sk K 4, MR HEE
6, mRARE, SIMRFE, R IRAEK.

x| H26 F FH20 SER— S EMRIC R “Pum 7, 5w IR AC Rk — S s ki oy
RS
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2.1 SNP i s AYIEER K 51 4R %1t

T MultAlin 762k 7 510 BB HE Ty-1 1 ty-1 () cDNA FE1), &3 20 AN ER] S cSNP £i7 14,
o Ty-1 Al ty-1 76 313 A1 314 A7 _EIAHRFE 5> 5 4 GT A1 CG, £ 1159 ~1 161 LIHIE5 5 GTG
FACA (B 1), 3 nlfsit — 6 SNP A7 £ R =70 SNP {7 i1y 44 4 NL2 Fll NL3.

300 310 1160 1170
------- +- +- +- +

Iy-1  ACGCTCTTCTTCCCCTGTTC GCTTCAAGTGGATCTTGAT
ty-1 ACGCTCTTCTTCCCCTCGTC GCTTCAAAGAGATCTTGAT

B 1 Fn Ty-1ty-1 BE SNP {4 NL2 #1 NL3
Fig.1 Ty-1/ty-1 SNP sites NL2 and NL3 of tomato

F34fE NL2 F1 NL3 & it oy (&2, 32 1). KTk SNP A7 5 2 o6 s, B LU S5 141K
3R H AR S R e, MOETE 3 AR 5 I NEFCHRAE . NL2 (R 75149 (NL2-F) 3'ui i P ALK
RO R ty-1 O E AN, NL3 B4 55514 (NL3-R) 373 RIRT 3 At 5 H0mR AL Ty-1 (K L Ab .
AEESF 514 NL2-R A1 NL3-F W% ty-1 A1 Ty-1 @ 51490 .

501 TGTCTCTCCTCTTCCTCTAGCCCCTTCAAT TGTCTACTCA A4 CGCTCTTC

551 TTCOCCTCGTCTCTTTCCAT CTCCAGGTAC TATTTTCCCC TAATTTTAAT
NL2-F

1901 GGCTTATTGG CCTGTGCAAG CCCTCAGAAA GTTGCTCGCC AGTTATCATT
1951 TTGCGAGGAG CCTGAATCTAACTGTAGAAG AACCTCCCCT TATGTCAGCC
D NL2-R
9801 TGUTATTGCA CGACTCGTCAATCAAAACTA TGCCATCTGC AAACAACATA
9851 CACTATGGCA CTTCTCGTTG TATGCGTCGT GTTA GAAGGT CUATCATTAA
>
NL3-F

NL3-R
-l
10 801 AATTCTATCAAAGACGATIA AGCTTCAACT GGATCTTGAT TCTGTCA CCA
10 851 TTGAAAGAAT TGAAGATATA CTTTGTCGGG TAGCGGCTCT GTTTCATATA

2 NL2 #INL3 54933 4E ty-1 EEE A
Fig. 2 NL2and NL3 primer pairs indicated in ty-1 gDNA of tomato

F 1 ETF NL2 #1 NL3 B4 SNP LR /031493t
Table 1 The specific primers based on SNP sites NL2 and NL3

CIE R 51951 P fop

Name of primer Primer sequence Length of PCR product
NL3-F 5' TGTATGCGTCGTGTTAGAAGGTC 3’ 984

NL3-R 5" AATGGTGACAGAATCAAGATCCAC 3’

NL2-F 5" AAACGCTCTTCTTCCCCTCG 3’ 1434

NL2-R 5' AGTTAGATTCAGGCTCCTCGCA 3’

2.2 SNP R4 R M SR E A

T AT AP AR B B R PURA S MBI TR 2 514 PCR §714, 565149
NL2. NL3 KX EE PCR 5140%F NL2-3 [F4F 50 S A e v
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PCR 460 45 F Wil 3. 75 NL2 590 38 th ke 5 457 1434 bp A KL (2 ANE AR &
PURMELD, L NL2 {7 585 CG W74, BB HE R ty-1. 78 NL3 5906 4 38 s 5 4%
7 984 bp MIMEL (CANZEAPURAMEIRIZSEPIMED, o NL3 A7 887 GTG L7, WHun
SEALEED Ty-1. 7F NL2-3 XUE 5|4 PCR § 4K R, R 19t 1 434 bp — 445 e 45l AR
DRI ty-1/ty-1, Bed 19 HH 984 bp —4%FF 45 AP R LRSI AL ) Ty-1/Ty-1, REF 39 HH 1 434 bp/984 bp
PS04 AR L SE IR B Ty-1ity-1. 45 3E0, R 5514 NL2 Al NL3 HA 1R 1fe 5 HE A
FaEtk, XS H) NL2-3 § 345 BOE 05|y e K ran, Hegdd 1 7k PCR RNVAN 1 IREEK
HLK, B REDX A A B 3 bR B . 514y NL2-3 0] LU A 35 5t 38 A iy 5 oms L DR Ty-1 1 X
SNP Fric LU By FH 8] 43— 8 FORURh 5T B8 I (0 07

EAERIRCEZE LY R AU R

Homozygous resistant lines Susceptible lines Heterozygous resistant lines

M H26 H31 H36 H86 AC HG2 HG4 HG61 FH20 FH21 FH23 FH24

1 000 bp

~— 984 bp
1500 bp -~ 1434 bp
1500 bp 1434 bp
1000 bp ~— 984 bp

3 3|41 NL3. NL2 #1 NL2-3 PCR {/ i Ry Fie 5 E M
Fig. 3 Specificity and sensitivity of primers NL3, NL2 and NL2-3

23 ATEZBREXRAMREZSEHRBANETE

FRUE S 4 NL2-3 %F 12 AN B R A28 /M HG61 x H86 [ Fs AX2 5 L BEH LB IE 1) 16 4
FRRHEAT S T, ER A PURAE R Ty-1 [fkk. Wik 4 Fios, H86 A ANUmai & xt i, HG61
IR, FH20 PuiiZs A . B8 R/MEL 4. 5. 6. 7R 11 SHRENAGHR AL R, KR
1. 2. 3. 8. 9. 10 Fl 12 SHRRNEW HAZ R F3 2 EAEL 13, 180 24 5 bk A4l bk A
Ty-1/Ty-1; 14, 15, 17, 19, 21, 22. 23, 25. 26+ 27 F1 28 5 RN 24 S PUm LR A Ty-1/ty-1; 16
F 20 5 RN B FE R ty-1ty-1. o FREEL R (B 4) 5T BRPURM SR (€ 2)

=2

M H86 HG61FH20 1 2 3 4 5 6 7 8 9 10 11 12

1500 bp

1 000 bp ~— 1434 bp

~— 084 bp

M H86HG61FH2013 14 15 16 17 18 19 20 21 22 23 24 25 20 27 28

]3()(}[)]‘] R [o— ' '-—1434]][)

1000 bp

S — — — — L L =— 084 bp

4 WESHNL2-3WUBMERZR (1~12) R FHEBE (13~28) Ty-1 4 SNP HE
Fig. 4 Assaying SNP genotypes of tomato inbred lines (1 -12) and F; segregation population (13 - 28) with primer NL2-3
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Table 2 The tomato inbred lines and F5 segregation population selection of Ty-1 and ty-1

RN Y i TES FH i) 3 I T HEE
Population Number Strain Field survey Molecular identification
- H86 U Resistance +/+
- HG61 i Sensibility /-
- FH20 U Resistance +/-
SRR 1 HG22 &9 Sensibility /-
Inbred lines 2 HG23 & Sensibility /-
3 HG8 &3 Sensibility -/
4 H35 U Resistance ++
5 H209 U Resistance +/+
6 HSF U Resistance +/+
7 H70 U Resistance ++
8 HG17 i Sensibility /-
9 HG19 &9 Sensibility -
10 HG25 &% Sensibility -/-
11 H10 U Resistance +/+
12 HG64 &9 Sensibility /-
Fy 73 A 13 GHB86-1 HUW Resistance ++
F3 segregation 14 GH204-1 PUi Resistance +/-
15 GH204-2 HUW Resistance +-
16 GHG2 & Sensibility -/-
17 GHI1-10 U Resistance +/-
18 GH26-1 HUW Resistance ++
19 GHI-14 U Resistance +/-
20 BHGS i Sensibility /-
21 BHI1-15 U Resistance +/-
22 BH1-16 U Resistance +/-
23 BH1-6 U Resistance +/-
24 BH1-8 U Resistance +/+
25 BH1-17 U Resistance +/-
26 BH1-18 U Resistance +/-
27 BHI1-19 U Resistance +/-
28 BH1-7 U Resistance +/-

3.1 XE SNP fRIEF R 7ERIL H

WUEE SNP FRic AR —FBT i) SNP Aric FF & 1 7510, AN AT LR 23 5 fi 2L K Ty-1 1) SNP
FRicHF R R, I nT LA 2 B B AR I N Cn & an Al 2R PUm L A 1-2, 80 S S A
Cf-9, MHFLALHRRPTIGIE K] Tm-2° 55 LUK 5 HAB PR IRAH DGR RD . 1 SNP Arid JF & .

AN, BT T B I A LA R e IR PR ) SNP A A, I 3 A B R
18 HAEAF 21— AN BAL) SNP A7 50, I H AEH AT H] ARMS-PCR, Hix PCR FI%if (1) AS-PCR 1) 7F
RITVE, WO J e e BE A 2R 1) SIGDSL2 FE A ff) SNP 4RI FF & (Johann etal., 2013),

TSI P AN BEARL ) SNP A s 7E A K217 41 B i PR 25 LA, D mT DA R AR e |
WL — A i R i SOE 514, BE 3 455 1AL 5 14 .
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32 ZEPCREEMWMEE

AR TR SNP bric 777524 ARMS-PCR 1L & PCR [FLal LT TS, £H
PCR ZfR{E— PCR NWARRPIMAZX51Y), [FR G H 24 H R Bt A5 hak BT A
SNP A7 5, 40 SVEF X B0 S A8 A7 5 R S8 A8 A s BETHRR S 5 VIR T 514, AR B B 6 5 | A TR
— PCR AR PN, B4 E PCR A %K.

—ANEIALY 2 B PCR AR RIFAEH— PCR M RS, FEEHXN &5 &, PCR IFHER,
PCR ZZ 1P 5y s ANTP [ H SR 0B T AW 20 BT RS o AR50 o Jd el AN B i 3 NL2 F NL3 #5751
st i FH S B A9 A XEE PCR e AR 28 R KRS, B0 NL2 - NL3 {4 20 1, 3B ki N 57 C
N4 3 2 R BRAR

FAh, A HIER P B KSR A B 2R, DUEHHTX A, e, i
JEGIT HE DR 4 188 B BE 205000k 984 bp F1 1 434 bp, 78 HERR L VKA U INHIR 258 5 X 45

3.3 HEMMEUMMHFRERETE

HHT, A ARHs il tlmts 800 280 W I AR . SR B3R 48 (Azizi et al., 2008), RAT
BR AT EYSE E (Pico etal., 2001); WEEHFYETE (Pilowsky & Cohen, 1990) ML L ik
5& (Lapidot et al., 2007). ANIREE A T ARG AT HHT T AR ARG DL, R T JEA Ul &= 40
YR . HAh, WOTETE T KB IRE U & R
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