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Allelic Tests and Sequence Analysis of Three Genes for Resistance to
Xanthomonas perforans Race T3 in Tomato
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Vegetable Science, China Agricultural University, Beijing 100193, China)

Abstract: Three crosses, Hawaii7981 x P1128216, Hawaii7981 x LA1589 and P1128216 x LA1589,
were made to develop F, populations for testing allelisms among three genes Xv3, Rx4, and RX aisg9 for
resistance to bacterial spot caused by Xanthomonas perforans race T3. Each population consisted of 535 -
1 655 individuals. Infiltration method was used to inoculate the parental and F, plants as well as the
susceptible control OH88119. The results showed that all plants had hypersensitive resistance to race T3
except for OH88119, indicating that Xv3, Rx4 and RX_a1s80 Were allelic genes. Sequences of Rx4 alleles
were amplified from Hawaii7981, PI1128216, and LA1589 using the gene-specific primers. No sequence
variation was observed in the coding region, suggesting that the resistance to race T3 in the three resistant
lines was conditioned by the same gene. These results will provide useful information for understanding
the mechanism of resistance to race T3 and developing resistant variety in tomato.
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HEipi B (Xanthomonas perforans) fL#Nl T3 5EZ NI (bacterial spot) &7 i A4 ™
M AT R T (PMELE 25, 1999 B304, 2013). W24k, BEEAME T AR, %
o5 TEHT N DR IR I 2O TR 2 — CEHRY: 4%, 2005; ¥t &%, 2008; XHfs 45, 2008;
sRATSE A, 2010), X7l 7 MV R 4R S R A ™ T o

H 1995 4 T3 /N AESEE B ik M I (Jones et al., 1995) LIk, AAITZEDT T3 PMFEIIAS
B R Pk AL B SR BE DR e A 85 D7 T T e T K B TAE, 973 H 5 A FH TR) e ik A ik 25 i
(Solanum lycopersicum var. cerasiforme) #k} ‘P1114490° . E&ZEFE A (S. pimpinellifolium) #4%}
‘PI 340905-S” KAkHEA i (S. lycopersicum) #EL ‘P1126428” FI ‘PI1553727, &KIN T HeH H
) R S A S N R T S 26 A A R “PT1269327 . “PI1282167 Al ‘LA15897, #&MSAI (S. pennelli)
Tkl ‘LAT7167, VANARRE T G FiA kL ‘Hawaii7981" (Scottetal., 1995; Astua-Monge et al.,
2000; Fhex%E A, 2011a). B PAIFTRIN, b MR N 325 by B S R R DRI ) i T ) 52
HEIREAERE A (Scott et al., 1996, 2001; Robbins et al., 2009; FA7E 2%, 2011a, 2011b). i&
L OAME W 3 Nk U B Xv3. Rx4 Fll RXiaisse, 232K H T ‘Hawaii7981’ . ‘PI128216° Fi
‘LA1589", (HARW E AL B 11 YOI R — 7 E (Ph%E 55, 2011a; Wangetal.,, 2011;
Peietal.,, 2012). HRHEIEEAE BT B AT/ INE RS 1000 2 4D Xv3 FT Rx4 0] fig ok & o7 B DA Bl ] — A
FEA (Wangetal., 2011; #3047, 2013),

H T W Xv3. Rx4 Fl Rxiasse Z AIMIOCHR, AHBFFCH A5 A4HHTIX 3 AN D 1) & i+ R
‘Hawaii7981 . ‘PI128216 " Fl ‘LA1589" HEATI4AL, 3R{H 3 A Fo - B HEAR, 10t AT ik % e LA
WIA 3 NIRRT A SEALEERL, SRJE X 3 4 S AR RHE Rx4 e 5L 8 7 41 24T PCR 471, dlid J3 41l
EEXS R Aff g 3 3 AN EDRUE AT A A — AR DR, O 2 AT i L BRI SUANAE & Fh b R X 3 NP4
BHEME S

QY i SRS DARF

11 EYM RNt

T BB 3G PSR T 0 Hawaii79817 (54 Xv3 ZERD . BEIEF A ‘P11282167 (5
i Rxd FEKD) FI ‘LA15897 (3E71T RXpatseo D), BRI 0h ‘OH881197, LK ‘Hawaii7981 " x
‘PI128216° . ‘Hawaii7981" x ‘LA1589 . ‘PI128216° x ‘LA1589" [ F, Ml Fo ik, Hitk%e sy
PRALALE A A b oA 2 bR vl H OB = rP 3T, 28 1 LT 2014 5E 2 A 11 H¥ER, 3 A 21 HEHM,
FRAEIOATRHMOHE ‘Hawaii7981 . ‘PI128216° M H: F Al Fo #H4A, LI ‘OH88119" MEJixt i, 4 A
10 HAT RIS e . o 2 ILAPRLT 2014 4E 3 A 28 HIEM, 4 A 26 HEH, AR RS
‘Hawaii7981" . ‘PI128216". ‘LA1589 " } ‘Hawaii7981" x ‘LA1589’. ‘PI128216° x ‘LA1589’
(1) Fy A Fo 64K, LU ‘OH88119” At , 5 H 18 HEHATHR ik .

1.2 AN 8RN 82

BT F B 200 35 G 008 T3 /IR B B Xv829, 1 S5 1 il ' HLIA K 2% A 403 BI 2 1) Jeffery Jones
BFiefte HMHT 3 ~ 4 d MO T 4 CIHTE R F BUD VR E] YDC (Lelliot & Stead, 1987)
PRI b, 7528 CREIR 2 ~3dJa, JHEHEKEFIFRR A 1 x 10° cfu- mL™ M.

FERRET 1 h, XK T H OGS A F B AR K . SR RS (Yang & Francis, 2005)
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LRl BEAST IAEMRVE ST 3 F /N, AN TSR N 1 em®e $ERISERUS, BEREL. Moy
RS T AR AR K 1 IR, DA 35 kA BT s B (P %

Rl )G 24 h FRUG T A RO N, B 24 h A 1R, EEIESEA COH88119” H I /KB MRIGBE
Hy ik

1.3 Rx4 ERBFI EE5S1R

KRG CTAB 7% (Kabelka et al., 2002) 73 l#2H ‘Hawaii7981’. ‘P1128216”. ‘LA1589’
A ‘OH88119” [HIEKZl DNA. RHE L& v B (1) Rxd RIESE P (Pei et al., 2012) K& HiFEH
)74 (Sato etal., 2012) il THEFEF T 514 (IEM): 5'-TATTATCGGCAGGAAGCAC-3'; Jx|f):
5-CTTTCTTCTACAACGCCTC-3"), 43I 4 MM RIEFIEE AL DNA 3% Rxd 2L Je b TR
354, PCR NAKZ K 25 uL, £44F 14.25 pL ddH,O. 2.5 uL 10x LA PCR Buffer 11 (Mg®* Plus).
ERIE G4 1 uL (10 pmol - L), 4 puL dNTPs (% 2.5 pmol - L) 2 pL DNA #i# 1 0.25 pL (5
U-puL™) TaKaRa LA Taq #§ CAEM TRAMRAR, Ki%). PCR § H{f[{ BIO-RAD #EHL, K
NAEFFUIR: 94 °C 4 min, 34 MEREEHS 94 CAEME 35 s, 52 ‘CiE-k 35 s Ml 72 ‘CLEH 5 min, )5
7t 72 ‘C MR FF 10 min.

PCR F=¥)%5 0.9%B & e FEL VK i, FH RARAEAL RS (AB 50 A PR 28 ) 1 K B B B W st e [ i
AR H B DNA B R EIR PCR 774, 5 pMD-19T Bkt dt B2 ioks, R =i
2R B2 M, R Z PCR ARG PE e b . REAARIBEHLIEI 2 ~ 3 ASPHE 7O 1)
B IE 5 = e S AE B RSt A | . K] DNAMAN (Lynnon Biosoft, USA) <[4l
73 b B AR 0 53647 e B Bf 4%, [ A SOL Genomics Networks Chttp: //www.sgn.cornell.edu/)
FAIREL O G HEAT AL AL (PR R ‘Heinz1706” F1 ‘LA1589 (K] Rxd A SAHN FEA1], %
DNAMAN #4722 HJ7H1I X

2 R

2.1 FEARMBIA FERM R AR ER S T3 /N him R E fE AR

PUWSEA ‘Hawaii7981 . ‘P1128216° . ‘LAI1589" FIFAT Fy AEAR I F 2533 SR S5 4 T3
/B 24 ~ 48 h FBH B U BRI BRI S M, TR0 I COHR881197 [ty AT AT A
JEIR (B 1, 24h). #F 96 h 5, BOREA ‘OHS8119" [ Fr EIFah B /KEARIFEHE, I3 5 X ek
AR RREE, JRBE IR SN RE, BGOSR A S Fy AR B BE S TRATE, R BEA PR
(K1, 96h).

2.2 Xv3. Rx4 FIRX_a1se0 BIERIE RO

XPEE 1 PRI T BU I S e i, T ORI A R (AR AR5 5 A 2 B il il
FE, FEM R AR A b D RO N B TRIHEEIR . AEREFPS 24 h,  ‘Hawaii79817 (Xv3 JE[R).
‘P1128216" (Rx4 JEAD S IL Fy Al Fy AR | B30 Ao Bk B0 BRER, By i ‘OH88119’
AR AEERN S 48 h, BRI RSN, FLRMEREM BRI T R U SRR, T HLAE Fa
FERIG 1 655 AN Fpk i B Mg BBk FEAR (2 1), KW ‘Hawaii7981" F1 ‘PI128216° Hrii
U AIEIE T3 /iR Xv3 Al Rx4 S 554071
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LA1589 OH88119

PI128216 Hawaii7981

24 h

9% h

1 FRAEREEMERERR T3 /MOHEERE 24 h 7196 h B EBER

Fig. 1 Symptoms on leaves of parental plants 24 h and 96 h after infiltration of bacterial spot race T3

F1 FAEARZRES F M FNEMEHRF T3 DAL R HGET

Table1 Summary of response to tomato bacterial spot race T3 in parents, F; and F; plants

SRAMEAR AR CIRY 7S/ TP R
Parent/Generation Total number of plants Number of resistant plants Number of susceptible plants
Hawaii7981 (Xv3) 8 8 0
PI128216 (Rx4) 7 0
LA1589 (RXLA1539) 8 8 0
OH88119 8 0 8
(Hawaii7981 x P1128216) F; 7 7 0
(Hawaii7981 x P1128216) F, 1655 1655 0
(Hawaii7981 x LA1589) F, 6 0
(Hawaii7981 x LA1589) F, 535 535 0
(PI128216 x LA1589) F, 6 6 0
(PI1128216 x LA1589) F, 987 987 0

582 MR, BRIEGRG I COH88119” 4b, HAHEAKRIIM i FASAEVES R S 24 h IR 1 i
B VAR, ‘Hawaii7981" (Xv3 FE[RD) x ‘LA1589° (RXpaisse 2ER) F1 ‘PI128216° (Rx4 L[] x
‘LA1589" HIWIAS Fy BEAR (05l 535 F 987 ANFLbk) Fh#R AT M & 21 B bk (38 1), KM
‘Hawaii7981" 5 ‘LAI1589" Jrfis (P atieiimg T3 /ML Xv3 Hl Rxiasse /& 55021,
‘P1128216° 5 ‘LA1589" Py BIPTFH AMIEIING T3 /NPl FIHELE Rxd FIT RX arsee A2 S A7 1T o

2.3 ML E Rx4 7 ‘Hawaii7981’ . ‘P1128216° #0 ‘LA1589° HEYFFI ik
J T HiIA ‘Hawaii7981" . ‘PI128216° FI ‘LA1589° *of 75 HH i (I Po i i 45 Ay ] —Jk PRl 454
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R Rxd RIEE LR 57 51X 3 S AARE S

TR RL COHS81197 vy 48 1% fir s 11y 4 [ 41 i
DNA. Hipkgs RS, Fia kb sy 16s) 7 ko
K/NZIN 3.5 kb IHR—4%4, ‘OHS88119 (1) 3kb
PCR P=# LAt 3 AMFEEHImE N (18] 2). Hii

M4 R SR, ‘Hawaii79817 . ‘PI128216° 1 kb
FLA1589°  Rx4 A7 5 e A AR [A], #6
3 535 bp. ‘LA1589" HHiZA7 iS5 E

2 i Rx4 SLERH) PCR P B3k E

ZNA ) ‘LA1589° FEKZH H Rx4 41584 — Fig.2 Image of electrophoresis for PCR products of Rx4 locus
2, BRI COH88119° H K rxd i & JF 4 O: OH88119, P: PI128216, H: Hawaii7981, L: LA1589.

L) “Heinz1706” ZEF 41 (1) rxd J751 56 42— %K,

KN 3 411 bp. HURMELRUBIG M ELZ (B FEg S X AP 7E 8 N HAZTTIR Z M (SNP) Al 1 AMdA/
HiK (InDeD) 22 5%, 45 Pei 5§ (2012) HIBFFTE R —3, & B804 2 4> InDel (105 bp Al 24 bp)
FU11 AN SNPs, R/ o4 4 4 A SNPsC(E] 3).3 MUt kL ‘LA1589 . ‘P1128216° Fl ‘Hawaii7981’
ZIRAE LU IS A 2 ~ 4 4> SNPs,

=373 1 2667 37
I 5 o Gifg1X (R HER
+ Up-stream : Coding region D'own-slrcaﬁn
1

b

N\NZ/7//iA

Heinzl 706 [ Rx4 41 B -
M RRAE | B . 4 S -
Nucleotide position ?E.%E:%E.%ﬁéfi E:aéa'a E E § § g E % § 2 % E Efﬁjﬁﬁﬁkeacﬁun
in Rx4 locus of L) B3 =
Heinzl706 -
Heinzl706 A|G|G|C|T|C|G|G[A| - |- | -[G|A|-|-|G|C|+|T|T|G|G|T|A|C|T|G|A |HH Susceptible
OH88119 AlglglclT|clGlGlA|-[-|-[Glal-|-[G|c|+|T|[T|G|G|T|A|C|T|G|A |H# Susceptible
PI128216 T|GIA|T|Cla|A|A|G[+]-|G[A|T|+|-|A[T|-[clGlA|A|C|T|A|A|A|G]|HiH Resistant
Hawali7981 T|GIA|[T|C|A|A|A[G|+|A|G|A|T|+|T/A|T C|G|A|A|C|T|A[A]|A|G|$i/E Resistant
LA1589 T|CIA|T[ClA|AlAlG[+]AlAlAlT|+[T]AlT ClG|lA[A[C|T|A|A|A|G i Resistant
LA1589(S5GN) T|C|A|T|C|AA|A|G|+|AA|A|T|+|T|A|T C|I|G|A[A|C|T[A|A]|A|G ¥i#§ Resistant
B3 ‘Hawaii7981’ . ‘P1128216° . ‘LA1589’ . ‘OH88119’ F1 ‘Heinz1706° =gy

Rx4 fim R E T HFIIGHRESR
Ll ‘Heinz1706” '['if) Rx4 AL s FP o A bsie, MR TR 2R, “+7 REFAT B, -7 RELHA S BT iR .
B RS AN T RO S, BRSO R A ] BB AR (5 %
X P1128216 A1 Hawaii7981 "} A [F] fRIHBIE IR AR (005 4% (7o
Fig. 3 Nucleotide variation of Rx4 locus, upstream-, and downstream- sequences among Hawaii7981,
P1128216, LA1589, OHB88119 and Heinz1706
Sequence of Rx 4 locus from Heinz1706 is used as the standard. Invariable nucleotides are removed. A plus (+) indicates existence of the insertion,
and a dash (-) indicates absence of the insertion or nucleotide. Exon in up-stream and down-stream sequences is indicated with gray cell.
The base in the susceptible lines or the same as in the susceptible lines is indicated with light gray cell, while the base that is

only the same between PI1128216 and Hawaii7981 is indicated with deep gray cell.

T Rxd LKA N ST (Pei et al., 2012), KFItHIER 4] DNA A4k cDNA. ¥ cDNA
J¥ %) NCBI Pl f¥) ORF Finder IEAT I8 15 HE 000 R 2 KL 1R P #1445, 45 2180 44 k)
‘OH88119” 1 rxd {7 S (I FFIR I BEHE g 2 667 bp, 4 888 NEILR, MHIHA Kl ‘Hawaii7981 .



BN, EEMG, BURA, BICH.
et 3 ANPUEIG B T3 /NPl I DAL 08 55 07 2 U0 7 0 e 20 49 A
24, 2015, 42 (3): 462 - 470. 467

‘PI128216" A1 ‘LA1589" 1 Rx4 {if fi (IR 52HE N 2 661 bp, il 886 N IEMR (K] 4), H/b
(K] 2 NE IR H InDel 5#2. 7 8 A~ SNPs 1, 6 AN AER] LS4, PiA by [a] L RAE

1015~1020 ety

393 963 ] 1228 1680 2210 mieues
o SRR R I l . iy
Position of variable nucleotide L !\[\‘ /L/L! I
ERIOSRIE %
R 321 339 340 410 560 737 811 819 841
Heinz1706 M S C T I I R v S Y
OH88119 M S C C I I R v s Y
PI128216 1 S _ M M H 1 S F
Hawaii7981 1 S M M H 1 S F
LA1589 1 5 M M H 1 S F
LA1589(SGN) I s = = M M H 1 s F
RELA FAX |AX| BA | WA | FAX | FAX | FAX | FAX |[AX | FAX
'I\'pe of mutation non-svn svn insertion insertion non-svn non-svn non-svn non-syn svn non-svn

4 ‘Hawaii7981’ . ‘P1128216’ . ‘LA1589”. ‘OH88119" FA ‘Heinz1706’ & Rx4 fL AR L EEER
LA “Heinz1706" H rxd G Fea ke, AR R OB ERR, “-7 AACREK. BN E SRR O ITH 2.
Fig. 4 Variable amino acids in the Rx4 locus among Hawaii7981, P1128216, LA1589, OH88119 and Heinz1706
Sequence of rx4 locus from Heinz1706 is used as the standard. Invariable amino acids are removed. A dash (-) indicates a deletion.

non-syn: Non-synonymous. syn: Synonymous. Amino acid in the susceptible lines is indicated with gray cell.
» A
3 N\

FBARCK A TR A E (Xanthomonas) 112 AMFAI/NF (Jones et al., 2004) #BE7E 7 i A
PR BRI, I o™ 5 5 R RS R B (Stall et al., 2009), {HAZHT X
euvesicatoria [ T1 /MR X. vesicatoria [f] T2 /NFREEH I LAE G54 X. perforans [#) T3 Fil T4 /N
HAC O scA, 2013), Fn_LiEsaEsk X, gardneri fO9 &, DRI H Ay B Br_E B 246 T3 A1 T4 /NP
FFRPUPEBAL RS R HIRFSE,  [RIISERT X. gardneri AR 38 7 H PR —L TAE. 124 O & W
7 ‘Hawaii7981 . ‘P1128216 . ‘LA1589" 1 ‘LA716’ IHiPEAL, E40 T 4 NPirkEE Xv3,
Rx4. RX_asgo Il RXopJ4 (M7 %%, 2011a; Wangetal., 2011; Peietal., 2012; Sharlach et al.,
2013), 3k73 T Rx4 Fil RXopJ4 FE [ [/ i% /5 41 (Pei et al., 2012; Sharlach et al., 2013), £ M ‘PI1114490°
RYSEH 5 AN QTL (FMVE%E %%, 2011b; Sun et al,, 2014), NHFFTHIMENLFERI G F2EE 7 H5Eat.
Wang 25 (2011) 5435t ‘Hawaii7981" 1 ‘PI128216° A7 R HIHIMEA B ZLAE REHI IS F,
FEUR oy A5 235 Rl 341 ANk AT IO T e, Ba R IUEBYRRE R, HEmi A Xv3 Rl Rx4
hy B S ) o ASHIETUREIX AN JE DR S50 1 0 52 1) oy AR S KB 1 655 Bk, B K
DUBRRE R . W X AN FERZIEB), AR LA s, AN SR A BB Y./ T 0.06%,
LR B K2R 0.06 cMo FZ A 11 5 PRI 1 cM £ 50 kb (Pei et al., 2012) 145,
XA FE B EE B AE 3 kb 2, Rate i, Xv3 WiZEIRAE Rx4 JEDA ) Ly el Filf. 1H Pei %%
(2012) MR, B RURIIPIAN BRI SHUm TETE ¢, b nl LAFERR Xv3 Fl Rx4 i 58 i Ak
AT REE . 546, ‘Hawaii79817 . ‘PI128216° Fl ‘LA1589" 1 Rx4 A sSgmiith X B4 ¥ 51 2 5+,
FWIX 3 AR Rx4 B2 —FER, 1 Pei 25 (2012) (9T KB ‘Hawaii7981" F1 ‘PI128216°
TEVES W R 5, Rx4 JER RNA ZKCF EIRIAE—3. 28 CA MR, nTLAfiE Xv3. Rx4 I RX a1sso
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MR =, XA SFUE T ‘Hawaii79817 $T1E 3 R UE T B AR R 40 (304 5%, 2007).
‘Hawaii7981" & MAREEFI -5 B AR A8 S5 AR rh e th ) — AN E M RE,  BAT 5 a4 3% 7 ik i PR 20
HAE /NIRRT E A T e P B R

JE B FAEREY) S0 R B B AR RS FE AR, A ph e SR TR 0 i A R R S AR
o I, BT 5L Bs3 550 R R I HAFI R TR AL R S 87 41 B e 4 a8, i
X 4 N 11 bp J5 HEAS BERON 5 1 JC 75 5 11 AveBS3 1)) (Romer et al., 2007, 2009b). [AFE, /K
FE R 9% )5 (X, oryzae pv. oryzae) SHUPEIED Xa27 MR mIE & A A0 8 81 X3k, 8 b
DRI 1 DX IR 2 T 3 bp 10 AN SBR[ E 85 8 1 AvrXa27 iR (Romer et al., 2009a). CA7
SRR, EEAERAMEL ‘P1128216 7 EHRP T3 /RIS Rxd Fk IR s 30k 5 ek o A HH i
(225, T B S AS T g J A1 i AH LA mit 1) e S 3 T8 LU /KON RIS 7 R (Pei et al., 2012),
e WIZIE DI LETR R B NAR NS O P 5% AOP EIRIE 2 R ANK . AWFFUR IUIZIE R 16 L3 3 51 76 sk
PR R AFAE B AN 43 5] 4 24 bp A1 105 bp 1) InDel, i£45 11 4> SNPs, X L6751 48 5 & 75 £t B J5 i
JCEEEE A AveXv3 A BE T R e A R UE A R E— 2P

EH T 0 BB o3 B 1 i DR Py v B AN 25 = 55 03 B B ELAE 5507 T e (0 TARBOAR N, I B4
WK T S5t R BRSO o3 903 B B AR IR, DRI 380 H G ok, B T 57 5 A 0o e A DAL R 4 7 gk i i
(M3CA, 2013), VLJR 2 BHR (SSH. cDNA-AFLP) BUiA FER AR > B HT T3 /NlhAR ¢ 3
(Gibly etal., 2004; Balajietal., 2007; Duetal., 2014) 4b, EAATLERIMGTHENLIE )7 17T A
FEUAE o AR IIFFC AR I, A 0 I003 FHBABCE S0 1R 993 JL 1R 2 IR 2 2 5% (Potnis et al.,
2011, s A0 o3 i 17 LU SRS T 05 99 Jod 81 52 245 22, HEDD J i 5 27 3210 B AR P e 8 AN [F]
MR - F, ‘Hawaii7981 . ‘LA1589’. ‘PI128216° Fl ‘LA716 " XJ T3 /NpPEEEAT HEPLHE, X
HA RN, 10 ‘PI114490° X T3 /N AT W AIBUTE, WA BN . BT AR i i 5 2%
HPUIE L PR 2 TR X S 2R I HAE G AR, gl 200 AR it v v B e R DR 8 QTL o ANBIFFT Hho0t & A 31
B 11 S YRR A7 B 3 ANIE Xv3. Rx4 Fl Rxarsse HI 5% RBEAT T20HT, i AT 0 ) — >3
AL, R E AHZ A R R L R FP AR AR AR R AR ORI 2 57, IR 245 BN RIE R A BT
T3 /AP EHLES A T H A 2% .
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