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Abstract: The growth and development of rice are affected by various diseases. Bacterial blight caused by
the Xanthomonas oryzae pv. oryzae (Xoo0) is one of the most serious bacterial disease affecting rice yield.
Traditional methods are difficult to control bacterial blight. The application of bacterial blight resistance
gene is the most effective, economical and environment-safe method in current agricultural production. In
this review, we described the classification and biological functions of sixteen cloned bacterial blight resis-
tance genes, and emphasized on the first cloned quantitative gene NBS8R as well as the Xa7 with high re-
sistance, broad spectrum, persistence and heat resistance. In addition, the application of bacterial blight
resistance breeding methods was also summarized. Finally, we proposed the current problems and solu-
tions for bacterial blight resistance gene breeding.
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IKFE(Oryza sativa);& tH 5t L EE R E/EY s s
. o N & 2021-08-22 EE  2021-11-01
L A B R R A (Answorth gy i ey 5 0021A1515011041), 1 T
2008) ZKFEE = 42 52 B 4 b B B e T 1 R 234 (2019M652938).  H R HRIT H (2021SC01-
H 9 o T T o By 7 i g 0502003). M =Bt B F Q1T AE /15 T+ iRl 5 H (HZ U-
ek 2 22 [ PIE R PAL B (Xanthomonas ory 202023) R 5 52 S04/ - 2 1 5 H (2020JB07071
zae pv. oryzae, Xoo) 5| L] FH H A% (bacterial blight) 2020JB064).
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JE 7K P ™ E RN R 2 —, T R £ 3 KR
(=g KRR R IS, 38 80 18 10%~
30%, 7™ 5 1A IE50% LA, 2 0k JE U (Liu %
2014; 1552 114£2020).

1P 9 P R S BB O Tz, B AT 5B
KN BRI AL, FoR & RMA R, Hdt
DANE 1 DX [ H AR B R 52 %00 55 1 5%
i) d52 g P B (% E 5 452017; Naqvi 2019). {4l
FH A 27 25 TR 68 1 A 9 (4 7 9 REOR B 22, A6 2R
A, B 248 B AL 2 AR 24t 2 0 R B 3 A K
(1095 G R IR o 7 b sz B IR B2 I B (1 A
WRPUTESE R B B U KRR R U S R EiRH
M. GTAIRIIBIA AR, BRI
[ FH A 5t (Lee®52011; 25 € 3:452017; R H 4
2020). BEE AW EAR RIS TR W0 A W KRR,
— T ) (AR PR S R B e B . AR SRR K R
G55t 1 P 99 1 25 DR ) Th R AF 9 R N FH AT e
R, k25 3 FRAT KRG A A Lt g
PR A SRR T i

1 KiEFERERNBM R EE

YR T PR RN, TR T H 512
JRRERG . BRI, 852 IR B Bk 52 A
W EAE R A 32 AR B A R0 B A G 43 AR K
(pathogen-associated molecular patterns, PAMPs) /] 1)
Re, PO B S — 2 OB, BIPTI (PAMPs-
triggered immunity). ZR1M, ¥4 i B AT A AE Y
241 L P 4 A 25 ) (effector) SRAMIPTUR 82 o 76 5
993 J A () S A R R R SUE AL HE BT (resis-
tance, R)H [, 8 Job B 22 B A 422 Sk N AR5 2 o 5 B 1)
WS i e B — 2 % N, BIETI (effector-trig-
gered immunity) (CoutofllZipfel 2016), TR A
SRR -0 -FE R HURE . ETI M 3 A Bl A I 1 4
4] & A RT3 B8 S . 25 (Spoel #1Dong 2012; Withers
FDong 2017), fEit 2 K204 5, FE4Y)-5 79 5 1# 1
HAEZ B AR Z WL R, PRI T — &
IR FT -

KA 5 Xoo A H.AE F O ML R B R 490 45 95 IR
BEAE. A2 AR T 155 ), — LK
T RR DU SE A 4k B 2558 . B AT, &8 E bRyt

T DR )40 8 R 7K AR P Al s T 1k ik TR 2 46
ANELE, HArie4> &gk v, 4 Xa2l (Song %
1995). Xal (YoshimuraZ$1996). xa5 (BlairZ£2003).
Xa3/Xa26 (SunZ52004). Xa27 (GuZ2005). xal3 (Chu
£52006a), xa25 (LiuZ52011). Xal0 (Tian%52014).
xa41(f) (Hutin%5:2015). Xa23 (Wang%52015). Xa4
(Hu %5 2017). Xa2 (Ji %5 2020). Xal4 (Ji %% 2020).
Xa45(t) (Ji%$2020). NBSSR (Jiang%5:2020) FlXa7
(Chen%2021; Luo$2021) (%1).

2 BEMHERRIUIEERE 2L

FE T4 v B 1 B A B B R b, Xa21
Xal. Xa3/Xa26. Xa27. XalO. Xa23. Xa4. Xa2.
Xal4. Xa45(f). NBSSRFNXa7J& T- 5 VEHL I 3L,
Mxa5. xal3. xa25Fxad1(t)J& T BB 5 A .
FEOR T HARAE )9 T O HTIERE R, A B P
DAL T s R 2 1 SR B 28, AR B 1 g i R
TRALER AN [F], DA b iy [ 1) 13 P s i 12 2 [
FEA LU N5 (1) Xal . Xa2. Xal4. Xad5(f)
HINBSSR %t i NLR %5 [1; (2) Xa2l. Xa3/Xa26F
Xa4mlG I EE s A; (3) xal3. xa25Mxa41(t)%w
T SWEETZE [; (4) Xal0. Xa23. Xa27F1Xa79wh5
Executor# [1; (5) xaS%m s HoAth 2 A1 ().

2.1 NLRZE

XalFERHRASNBS-LRREHE [, HRH R &
7. 5 (nucleotide binding site, NBS) 75 fR & & 7
%l](leucine rich repeats, LRRs), 7] 57 [ M-At955 B H A1
A HH /NP (T1) (Yoshimura2$1996).  Yoshimura 25
(1998) A 5% & IW. Xa 1 (1) 2 1 52 5 J5 B A4 4 1) 5
T, PRI A0 5 B B B 2 5 T e S Xa 1 BE A
FIKEIGINA K.

Xa2. Xal4F1Xa45(t)&Xal 5N REER, T2
FAETANEDKFE AT, Z 55 E M. Xalk
F5Xa2, Xal4fiXad5(t) 2 [ % 55 FE R CK
Uiy K E A R R AR B 7 A B H (AN [R] . iTALEs
(interfering TALEs) & TALEs (transcription activator-
like effectors) I RALTE 2, HCA bl 4%, ] 4
Xa %5 REERIA F 00 1 (Ji552020) .

NBSSRJE 58— v W 1 5t 9 Al o 1 20
PEIR6IE R FE A, Bt —MINB-ARCHE H, 25
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Fz1 kP EmERMHEFREER
Table 1 The cloned bacterial blight resistance genes in rice
A S TE R EENTT EE PN
Xa2l JEFEE/NFIL/2/4/6 K25 A R SongZE1995; XuZ£2006; PruittZ£2015
Xal T7174 ‘Wi ‘Javal4d’ YoshimuraZ:1996, 1998
xa5 FEF TN F12 ‘DZ192’ ‘Ir1545-339’ Blaird$2003; IyerflMcCouch 2004;
Iyer-Pascuzzi%$2008
Xa3/Xa26 JL691 LA 2 [E3 W] K63 4% Sun%2004; 14 5 752006
Xa27 E[HE VY JINKLET A R Gu52005
xal3 FEF TN RN 1/2/4/6 ‘BII’ ChuZ£2006a, b; YuanZ£2010
xa25 B[ =\ Vil W63 Liu%%2011
Xal0 PX099A ‘Cas209’ Tian%:2014
xa41(t) - o M A A HutinZ%2015
Xa23 TN F6 L3 T A WangZ52015
Xa4 JELR TR /NI 1/4/5 ‘TKM-6’ ‘IR20” ‘IR22’ HuZ%2017
Xa2 T7174 ‘Rantai Emas 2’ Ji%2020
Xal4 A P3/5 ‘TN1’ Ji%52020
Xad5(t) - Bl 2 AR A Ji%52020
NBSSR JEFE E I FRPXO086 ‘NIP’ JiangZ5£2020
Xa7 FE EEH PRPXO061 Zhen-hui 084’ ‘IRBB7’ Chen%£2021; Luo%%2021
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Fig. 1 Bacterial blight resistance genes and corresponding Xoo proteins
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PTIj V.. NBSSRIF)iX524ETAL (transcription ac-
tivator-like) % ¥ ¥~ XopQ fih % [ Osa-miR 1876 il i
I DNA AL SR 2 . X B 2R RS AR 5 A S R
NBSSR 5 5 34T 70 ¥, K ILNBSSR 15" UTR H 1]
Osa-miR 187645 & 7 s B AR AN 15 I HAZ A s
HM1Osa-miR 1876 7L HE A AL L A2 Hh#f A T A8 57
NBSSRF1XopQfih % 1) Osa-miR 1876 2 [a] {4 H.1F
FH B 5 4 B HE YRR G g <2 B R AR 5 —
B, 2 B B P DR 5 DR R TR AT R A 3 7 2% A 2
k2 5 R 5 KR G s S B B At P 0 (Jiang 55
2020).
2.2 HEgA

Xa21 /& 55—/ 1l o 2 1R 1 W Al 3 1k ik 1A
kBT AR, M2 — A H1 025405
BERA MR Z A E . ZEAT RERE
5 ¥ %1l (leucine rich repeats, LRRs) [X Fl 22 & FR/ 75
2 'R I I (serine/threonine kinase, STK)[X, 5 H%
(3 D fE B A 06 . Xa2 1 FLRRs[X FH23 5%
AFIFILRRA L, 25 EAS5EAMNEAE, H5X00
PRI G MR IX 51557 544 55(Song%1995).
Xa2l B3 X 5 A B R AL 23 Ser686. Thr688
FISer689, TR H AT — /M g2 FERAZ A
(I BE 7 403 N %, UE B IX =AML A R AL
X F Xa2 1A 3 B BUe S 0L 48 5% B 2 (Xu%52006).
Pruitt®5(2015)HfF 5t & I X oo 2E [ Rax X %} T-Xa21 fif
A5 1 G 928 ST [T S A2 0 T 1

Xa3/Xa26%: K 4t X 43 309 bp, H[H & —
AN105 bp B -, Hgm s 7= ) LRR 52 7K B,
EXa21 g5/ AL, &5 RAMLRRES Kk 5 JIE [X
BRI . Xa3/Xa26 KR mfid 8 &1 10314
B, HNu & A26 N A EALRRIX, 324
FH A2 R R S Ve R, AR R SR SR
PUA 2 B (Sun%52004). 14 & 745 (2006) HF 5t K I,
Xa3/Xa269m5 & (15 Xa2 19w h5 & (4 (0 [R5 AR &,
SR XN Xa3/Xa26 47 14 &b B B ER Ak, A R B
H B LIS . X W Xa3/Xa26 1] fig i i A [ 1)
WGBS B2 S PURAE 5 1S,

Xad 4% —F 4 g BE R OCBG.  7E A S IR
BRI, Xad ] @ id (e it 45 48 24 s

1) 290 D B A ot Sk 84 5 200 i B, AT O 22 b
AR ZVEIR . Xad X 41 B BE (1) 55 4k T BE 3 51 T /K
FEREL IR 0T 41 B4 12 G2 (44T 70 (Hu%52017)
2.3 SWEETHE 3

xal ALY P, &2 51
¥R E IR xal 35— B A 307N HE R 1
SWEETH [, EN T o xal35H B4
FR Xa I 3(UAE A BT FAFAE 2 5, BLaE =/ 6.
MR it ol TR 24 %8 7 HE 1) 1 S5 R Xa ] 3,
Ty AN R Ak, ANE REIG I SEE =N R )
Pk, R 2 S EBUKREHEMEA B (ChuZE2006a, b).
Yuan&5(2010)AF 57 & L 1 At 3 B e i J8s Xa 1 395k
DRI 32, R e 428 i 2 7K R A P 1 B8 40 A7 T 40 25
FAEEY R LA DM ET R, 2 RR
R EZ R 2 —, RN Xoo M E K. BFFLK
P Xal3 45 [ Al @ it 5 COPT I ACOPTS £ 4 fifa fist I
SLEE L, JR A S TR RS B, 45 A
Fii 9 B 75 5 AR R B AN AR B, T K A
I

xa25 L5 2011) [, J& T Kot Hi s B A,
HSSWEET & A, 53 B 2547 2 K g id & [ 7=
MR AN TR Z 5, MIEFRENFIRE %
—Pitk. Hxa25 5 H AL K Xa2 5 [FI A7AE
T [A] — /KR8 Fh b s, HERIE B 2 I 55

xa41(t) )& T R YEPUR EE ], RIS SWEET
B, W AR A TS SRS
K Xa4 IFH L, xa41(0)/f1 )3 3l X A7 TE 18 Bl A 5k
%, SHR S FEHTALER AL & HBLZEH, Wi
R R )15 F 2RI FRAR, A5 KR Pt A MRl
(HutinZ2015).
2.4 ExecutorZ

Xa27 B PR SRR T B A, HHGuE(2005) 18 i
FAGL v 714 15 3. TE TR avrXa2 71 Y
W= T T, Xa275: K29t = A — A~ 1134
RIEMAK THe-BREMENEATY. R
B Xa2 73099 S5 J2 DR RN s 5 o7 326 TR 4 5% 4 1R 11
BA, HABEEKREER T & avrXa2 7009 R H G,
PO S5 AL BE K A R IE, UL Xa27 58 5 2 /NP RR 7
PRI, 56 JE R -] -2 PR 52308 (Gu$2005) .
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Xal0j2—NTALEMKEERFE ], & 15 37X
4005 4 TALEZE [ AviXal O 45 & 70 F . AvrXal0
R S Xal M) R IE, M Xal 0 RIE S FK
A7 20 B 7 1 SE 1 (Tian552014) . Xal0%i i 1)
XAL0E H UNRERTEAE AN E, 5K
JRM I Ca® iR . XAT0R AR 2 S EUEYI
YRR P PSR TS, Ca® i 2k RN B &5 Th Bk 1 2k .
X g LR, XAL0TTGEE — PPl ifs S N IEL
1R A, 8RR A 5 R0 h Ca® 1 AR A SR fir
RN FE R SET (Tian%52014)

Xa23 /216 B A 4 8 BRI REE R, % (1 i
i BB T Z K HitE. Xa2390 1 & A& 1134
R, SXA108450%L A KRV . S5XaloR
6], Xa23 )54 345 5 M AvriXa23 405, 11 AvrXa23
Je —/NTALE H, 75 FT A If1.Xoo 43 25 #k Hh AR 46
B HeAbh, BRbE SR 5 Rixa23 5 Xa23 B A AH
IF] (%) T ) B ATE, AELAE 3 2) F X 4l = AvrXa23 (1)
G54 IO (WangZ62015) .

Xa7 2 58 v I B 1 — A 1 RGP 1 56 A
BRI EAAEP. J FEA AR (Chen
£52021; Luo%52021). Xa71¥)3 ik 5% AvrXa75iPthXo3
RN F BT, BBk, Xa7 i 3R I8 3 B
SR . o R IEXa 7 I Xa7 Ml avrXa7 7] 5 30
VI A B N TR Xoo A BRI 464, 2H Ak
R RIE Xa 7 WOmEAE Y () B A8 s 82, - [) B 8, 2 417 1)
R REY I A K (Chen®$2021).

2.5 Hih3t

xaSie—ANFRMEPUR AR, D — A H1064 2
BRI B, ZE AR AN SR
FUA Ry HE(TFIAY) . 383 BB K RE U i A
‘IRBBS’ 5 7K F& I8 i Fib ‘IR24° I TFIIAYS, & ILAT
FE2IREE ) 22 S B 80— A SR R 1) U3 (R
WA EIR), Wi 7 At 3 —2
TR AL I 72 S A A BT 5 B R
12 A7 7E (Blair%:2003; Iyer fllMcCouch 2004). Iyer-
Pascuzzi®s (2008)H 57 & Mlxa5 15 1 B FLm )
JS7 2 H )T D B P B A T A o B
W .

Xoo 5 /K FGAFAEAA HARH, /KFEH B e REE
PR FT % X oo B 1 RE 57 PR TR R 42, 17 I 28 TR A1 R

B[R [ Xoo 1 X A 43 NTAL A AETALE A
BNt E SRR )/ B PN =K 7 E i ]
(GalanflICollmer 1999; Zhang%$2015; FRIh A%
2019). &4 NIk, R Xa2l. Xa27. XalO. Xa23.
NBSSRFNXa7 [ il Ht 14 25 DR AR 6 82 X oo 2 1 B
WEFTARE (K1), HthXa27, Xal0. Xa23F1Xa7 3
T B X o0 1 A TALZE [, TMiXa2l FINBSSR
FERIN R X oot H J& THETALEE H . X %EXootk
P ik 5 RIS BRUAH ELAE F SRR L 1%

3 WEMREEINBSSRT SHI BRI

TP I T84 FE At 2 2 RN, I8 B b 3
F Rk R B 2 A HCE IR 42 11 A AT (quanttitative
trait loci, QTL)#% # (Corwin £l Kliebenstein 2017).
KRG A B I R A A SR B R BT
P 1) T2 20 s 2 DR RR 42 i B = MR PR R s 2
FERI(Li%51999; Mew 1987). Horbr 32 2537097 JE K mf
M 7K e B8 g A I, (EZ P T R 2 T
T EUR /NP LT SR, BUR BT 2 A E
BT S IR s e A K T 5 ESOE DA BB . T
BUIw B A Sz (KhanZ52014); 1 8N QTL A &5 B
EE BN T AR T 2 R I ROR /), (H 2 ASQTLsH]
PAZh G IE— A 1S P, s AR AT
W BE 1 (KoufTWang 2010), [Al 1, B R AOr w3
BRI S P PEX K FE B AT Re s o L, AUk
H 1T, KRG A HBIiT400 M QTLs R IE SHik A 55,
HAF36/NQTLs5 [ A3 #H 5% (Jiang5562020)

R 5 E I v B R QTL AL PR ZE A, Jiang
£5(2020)F1] B ‘Nipponbare (NIP)’ £l ‘Kasalath (KAS)’
mh R4 i T 98 BILs (backcrossed inbred lines),
43 A EATEAPXO86, K I NIP* X PXO86 H A
HHEERUIE, T KAS 2B 1. @ik 6 2 FPXO086
J& [ NIP° FHKAS - Fr i BEK BE AT it i, K
I B 5 I 0 A, FR W s BREAC FE R HH 2
LR R N .4l MBS e 0 B W Sa s LA & R W U [SE R
Y 2% At g BBLLS S & VR AR £ s 45 b, FF & B Ar
o A BB PR AT 2 R Os08g42930, i %
NBSS8., i L NIP’ I KAS’ 1 NBSSHE A 1) 7 51)
75, RIAFAE201SNPAL . 7EKAS H, Os08g-
429303 K 4k fiy 4% INBSSS, T 1% 35 R 4 i [X 55
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154NSNPAT i HCAR R T, JE 8 1k %50 1, S8 pT
Pt 5 I Cim R R 34N SRR, 5 I G A i 5
FE T N ) LE “NIP 1 [ Os08g42930 35 R 4 i 44 9
NBSSR, X} 1Al B LA Pk, 22 B Cuiig 344
LR M1 E AR B 2 OCHE 2. NBSSR2
SRR P A AR QTLEE K], 2 5PAMPs
S HPTI 2 B (Jiang £52020). NBSSTE 1E 155 I,
T A FARK ik, FIPXO864bH 5, Hi7E ‘KAS®
P RIS B R N, EAE NIP LR IE & P A
Ap . IR, NBS8HIS' UTR E. A5 Osa-miR1876
SR, FE3NSNPA s A T4 A X 4, Osa-miR-
1876113215 52PX0861%5F . H T 53/ SNP JE A,
AH EE T Osa-miR 1876 5 NBSSR (1) 5" UTR H._ %k it X,
Osa-miR1876 5 NBS8S1]5" UTRAFEG:U4K Bic, His
JRNBSSTE KAS FlNIP* H A7 E AN [ 5 5% i R 78 7K
S, HE— BT A R BLNBSS 5 Osa-miR 187611 45 & [X
P 136 bpit [ A A7 75 S msi g F R4k, HAE‘KAS’
FH ) R AL KA T NP, XS4 L4 /RNBSSR
(9 H0 97 1 & 1 Osa-miR 1876 T A 5 1 HA 3 4k Sk 1
5o a0 NIP” JEAT AN 5] A= 4/ A1 22 90 e 2 4k 22,
% FINBSSR H10sa-miR 1876 E. 4 N [7] {1 i b7 14 18,
FHANBS8RAPTIH Y K FE Ve, 111Osa-miR1876
T8 3 ETIR 5 3R 06| NBSSR (1) 3R 1 . % TAL
MIAETAL RN ¥ 1647 R 4053 41, K I XopQH] 75 5
Osa-miR1876 ik, fix ZHH|INBS8R i /i F (1 PTI
RV, X e B R ], NSBSRIF ik % XopQifs &
[1]Osa-miR 187638 ik AL AT 4%, &= H
AP . NBSSRZ: 5 (A Al s i (1) SE 56 10E
5 22 B 5B IR B DR AE A 5 1 AR s 012 D T
ML E 2

4 FHERFEXa7H FHBM AR

Xa7WiH 746 T 20 22 704E 4K, f AR KRB AL
B AP eDV8S’ ik & BL(Sidhu %5 1978) . Xa7J& T
SPERFED, o A AR B R S AR AT
4 (Vera Cruz £ 2000; White 1 Yang 2009; Zhang %5
2015). fEid K JUHEA, Xa7Z K — H A& L
Ko REXa7ZERIRK DB, (HHE A v A
g PR, FEEFERAE T 2P0 s L A S
Mo 52 % WA T 2R, FEER BT

SIS AL Xa7 FE D 0 B S b — E R IR AT
(Chen%52021). 19954F, KajiflOgawa (1995)¥iXa7
FEPRERLAEL07.5 e )75 [l A5 Porter(2003 )i i
FIFH KRG B A B0 AR IRBBT, HXa 75 A
4 %52.7 em Y [X ] ; Chen 2% (2008) 2 415 4% A% i Fih
NIP’ )53 B R 40K Xa 75 R 52 60 165 et 1
118.5 kbIJX BN » Ji5 ok X &3t A 2 Wl 7834 155 0,
5 2% 1 Chen%:(2021) M Luo%4(2021) P A [E BIF 5%
VA [ B 8 g 5 A7 e B X 7 BB 1A

B (1) S 06 IE 9 22 B Xa 706} (1 R % 1 B
IR, ML BT A 1 H A NFRECTE A, [
IS} 470 2 P AR 2 /N Rl (Ogawa51991) . A HE 32 2%
B L R Xa4 F1 Xal0, Xa7 B AT 564 A 0K FG B
Fi993 B BLME (Vera CruzZ5:2000), AvrXa74& HXooFE
HlavrXa7Fié4atd (M TALESR [, HAT XN E I #E, MY
Al 51 K Xa7 it A 3 P09 PE (Hopkins 55 1992; Yang
262000), [75F, AvrXa7it 7] 5 OsSWEETI4 5 )1
T HITALE%; & JofF (TALE-binding elements, EBE)
4E5, 5 FOsSWEETI43E RN R IE, S BUKFE IR
(AntonyZ52010). pthXo3EPXO061 [+ FL K], Z
STALEZE M. WFRRI, pthXo3 5 avrXa7 & &
7] V5, H 4 i 2K A PthXo3 [A) B 1l 1R 5l Xa 7 Fl OsS-
WEETI141] )3 3 TEBEF 41|, $&/RpthXo3 ] fg /&
Xa7/8) % — AT FHEF (ChenZ%2021). 4L E,
AvrXa7f1PthXo3 2/TALE% (14} Xa7 5 2 T-EBE
IR A& & ThRe vl Re 2t 5 B Xa7 A T BEHLIE T
HEFH, HICAFEZ MR . Ak, B2
UEHE 3% BH Xa 775 =i 25 A1 1 % 5 A s B A B 4
AL, T K 2 B A R I R A AH [z (Webb 452010,
Cohen%2017; Dossa%%2020). H At ANiE 2w i
FAT N REE R R PUIE I HARMLA . A [R)IE A
HSZIG R I, FriR 251 R Xoo R i 5 Xa 75k [A 56 P
B R IA, DN IL AT BEHRE AT BOE 3G 9 /K FE X Xoo
149 1577 4 ) )8 (Chen%52021)
5 Atttmin e EEE S M LA A

T Pl 0P TR P 0 L 8 R e o LA
() R AR 1 T /K FE BT A 2 T B R A

LA 1 A DR R P O 3 A PR A AT
FELN 20, JF H 2 B8 oy 7 bR ic i B ik £ A AL 5
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BRI2AP 7 VL AT PLE AR B Bl LA, BEAE &
IR 9t 8 R (1) e RN AS BT 58 3, JE PR 4 B B PR
EARBINH . B, fERSEIEE M LR
1 FE K5 Xa4. Xa2lHXa23%5 (BalachiranjeeviZs
2018). FEFRE, Fi 1) 28 S FE R 2 5 Xad L A,
FRFEXa2 1 M Xa23 3L A, IF BRI =/ 3k A 1%
F 7 HARYE 2 B S A (R 552020)
51 S FrricnEE s

S Fhnic i Bk R E Fog s i S B ARk
P G2 <0 s v T < B P B I (= 1) s v At
X B AR R I R Y AT IR R T AR
k¥ E MR BTN BN Z BRI, %
T VEREAS 52 IR 55 25 A I PR, A 5205 TR o A B
ANPERRZ I, TR K4 R 308 B Bt A i 7K A
PR ErIE] o H AT B AR B B AR I R B
SSR (simple sequence repeats) ¥ it..  SNP (single no-
cleotide polymorphism)#7icls InDel (insertion/dele-
tion)bric. STS (sequence tagged sire)bric.. CAPs
(cleaved amplified polymorphic sequences)tric F1 1)
REPERRIC o

Gy T HRCAH B g £ 0T 73 Jy B AR DRFN 22 B IR 5%
A A MR, K b A (1998)FI 23 T AR 1T Al
e, 1 A Xa2 I R AR SE A IRBB21,
IR G 5 BIK63” < B (46 55 B M 5 R R A L
WIAZ, 3j45 7 HA G AR R e RIKE R, T
— ik B P E AR I 2 S KRR T A
H oK 1A 55 (2009)F H 43 FFric sl Bhik £, i & HVF
2 571 Xa2 3 HE DR (1) 50 13 Itk 0 7K 8 ot P R
Ellurf(2016) il i 73 1A S Bk £, 7260 7
K FPB1121 F1PB6’ i L T 5 Axal 351 Xa21 5
DAL, B2 1 e AR B A B . B B Rk
BEAL, LA A FHTE AR EE R RS J M, 6
TR = EERAPYE R R A, EEH 2
BB PUYE AN TE BTG . YoshimuraZs(1995) 1 FH 4 1
im0 5l B3k £ 4 R D 35 B xas/Xa4 3R & & Yu-
gander%%(2018)i# 1 73 T Fr ic Sl Bk 77 %, BT
s Xa2 I M Xa38H K 3 N K 5 *APMS 6B’ 1, fif
‘APMS 6B’ I H AN B LR Y, TR R
BT JRA AR 2R . SinghZ%(2001)f1Pradhan4s
(2015)itl 3 73 ¥ AR A Bh ik B BOR, R Th ¥ xas

xal3F1Xa21 3AFE R 53 51 58 T RIAE i Fl<PR106
A Jalmagna’ /1, & $2 5 7RO E A )T
P£. Luo %5 (2012) 3@ i 73 - b c Filf B ok 8 75 4%
Xa2l . Xa27 M Xa4 B R G BIKFEE R XH2431
IR T Xa21/Xa27/Xad 5 Rk, 6t
A5 LA T 3 0 1 A 5 T 1 ; Ramalingam %5
(201738 3 43 F b B Bh ik 07 15, BA A xaS.
xal3 1 Xa21 5 K #] IRBB60’ Ay itk S5 A, 1 Dy
xa5. xal3MXa2] =F NG T AN HETEA B IR
FF£°CO 2B’.“CO 23B’F1°CO 24B’ 1, HFF K H 1
TE LTV 0 A AL KRR ET L AP R L 3 ik, Dokku
SE(2013)i I 43 T b 4 B B HOR B e D f 44
HMHFR IR Xa2l . xa5. xal3fXa4 R4 335
Féi Tapaswini” 1. 5087 (19T 72 18 Hsu %5 (2020) A1)
S R TR AR B2 B = £ NI Y B = M <
Xa4. xa5. Xa7. xal3MXa2l 545K 1R RS 5 F
“Tainung82’, AN K KHR =1 1 1% it MOt 1 A 1)
Ptk IELRRF T F A 1 S = A R

FEXT T 2 JE R PU & Fh, SRR R B0 & P
NI AR TR 2 B DL T Bk R R B R
w55, Hyumnkas, B> Fhaid il Bhik £ 5 %1k
ARG B FEAPER EREER, U T2
BRI R A TR IE ST B A RSO 2 BT BN il
i B Ao e R T hsic il BB E Fh v
FHET, AHAR TR v 22 ) 8 (1) 7 FARic i B Bl
B A S QTLAL A5 BA K 5 2 ML L AR
ARG QPUIEEEE TN Z AR R G AT §E £ 52 52
MR A 2R Q) S A R 55 KRR
SEE e e DA b Te) A 23 b e il B 4R U vk
iz R N T K FE LR B
5.2 #HERFEFH

LR A Pl e B AR B AR — AN Bl
Z A H bR R B A B 2 AR SR DR 20 Hp, DT e 52 44
FARLSRAGHE N 2R RFAE () T e A — 8 2
& bR S A 40 B B ORI KB 2 A8 AN BRI AR
BE R - B ARG I RS AN SR N2 ) L, JF ] KR4 HE B
Pl E] o A0 01, Xa2 1% 7K 1 Al B A T %
Puik, E PR, M H F L B A
ANHERZIE R, DR b Tl ok % R 1) U7 ok Xa2 ]
HAL B Z A KAEH R (B RS 1 452012), 3R 4E




/NIRRT 02 22 DL Tt e 479

SE(1997)FI FH % FE R 1) 75 v, il 75 EH 455 A
G119 W NP IKBEE R, 3R A3 B AT B et
R PO 5 51 119-B HE ¥k« Zhai %5 (2000) F1 ]
LR 7 ¥ Xa2 15 N BRI KAG b b, #3K
19 7 0 B s B Bk R B R R R . 5K /INAL
Z5(2008)F FH AL HE IR 173, 3RS T Xa23 1) % KR 7K
T4, T8N I A B DR K R AT 45 5 A2 i, IR
AT EA R A AU . BRI R
BRI 7 ¥ AT 3R A A LI KRG, (G 5 R M
FA R, BRI 2% 7 1R 3R 4% KR8 IR T % R K
T, B A L2 J5E DR KR G AR 15 B e (5 o
5.3 EERBEEM

5T PRI 9 R 300 3 et 35 K] 4 T B TR I S
SWEETZ E 3 OsSWEETII. OsSWEETI3H10sS-
WEETI4W )3 2 ¥ 347 Yt T8 5 AR RS
K B AT T i it B M (Xug52019). SWEET)@ T —
FehE i RN, HRIA R KR 5 g A R . E
HiXoon] WA TALESE [, %88 1 vl i 1AL
WRG NN, IR — P 45 & BISWEET
B R A 3 U825 4 J6 44 (TALE-binding ele-
ments, EBE)#BA, MIMEGGESWEETHE R R, fx
An| i R, 15K . MEBE FAZ TR
(% 2> M TALE®E [ S EBEM 254, S 8L R
(12235 R AR AR Ak, DR Rl 3 sk TR 4 8 5 v %o H
b LR 0 )5 B 7 AT e R, B SRR 2R A
I HME R K R A (XuZ42019; OlivaZ$2019; Wang
2:2020; WeiZ52021; Ni%52021). %6 51 % B 1] 8
ok 5 D] G 1 A R ) R TA SR 3 BT 1 A
K FERR L, A T R R 5

6 IRRE

T P 9 2 KRS = KA G 3 2 —, 7 i
A FE KT . BRI SR 2536 B 16 KRS e
s B — 8 AR, H 2 238 RO 55 e A 2
TR S5 (), I HLAE A 24t 2 5 80U 7 oA 1
T e AR, A 24 (K A FH LA R B /N R i 7 S 1k,
o {5405 JE BT AR T 24 1, DALk, R R o 2k R
B G DU S Rl B VR KRS B A A . A
7%, BASIE RIS Y. BARRIH TN IEE
R B A e R R R 464, HRle4 T

W T lE, (HIX e HTI ik KK 2 oAy A2 ST Pk 78 B
PUVEA R A G, 5 BUE SEbr A2 7 o A U
BRI L o T iR L A, — 5 T AT A
W ¥ 308 (0 T 1 R 2R I, R - S AT
WP, B ENZ 550m M2 THLEE, &
2L T AR SO AR 2 2 R R
BRI IR, RIS RE 2 A A S 2 R R
B — A, ATTE & R AT ST K A8
Fifto BEAN, BT R g AR BOR B BAT Tk
(17K dh B A R RAE R FEI T F 2

B ik (References)

Ainsworth EA (2008). Rice production in a changing climate:
a meta-analysis of responses to elevated carbon dioxide
and elevated ozone concentration. Glob Change Biol, 14:
1642-1650

Antony G, Zhou J, Huang S, et al (2010). Rice xal3 recessive
resistance to bacterial blight is defeated by induction of
the disease susceptibility gene Os-1/N3. Plant Cell, 22:
3864-3876

Balachiranjeevi CH, Naik SB, Kumar VA, et al (2018). Mark-
er-assisted pyramiding of two major, broad-spectrum
bacterial blight resistance genes, Xa2/ and Xa33 into an
elite maintainer line of rice, DRR17B. PLOS One, 13:
¢0201271

Blair MW, Garris AJ, Iyer AS, et al (2003). High resolution
genetic mapping and candidate gene identification at the
xa5 locus for bacterial blight resistance in rice (Oryza sa-
tiva L.). Theor Appl Genet, 107: 62-73

Chen FD, Yan BX, He ZH (2020). Mechanisms of disease
resistance to bacterial blight and perspectives of molec-
ular breeding in rice. Plant Physiol J, 56: 2533-2542 (in
Chinese with English abstract) [FRE 5., EiA 5, e
(2020). /K FE A M RER TR P S T0R T MR E. Y
R 2EAR, 56: 2533-2542]

Chen GY, Xu ZY, Yang YY, et al (2019). Classification of
pathotypes of Chinese Xanthomonas oryzae pv. oryzae
and resistance breeding strategies for bacterial blight. J
Shanghai Jiaotong Univ (Agric Sci), 37: 67-73 (in Chi-
nese with English abstract) [[:I) A, #4148, 47 F0 FH 45
(2019). F[E KA F1 -k T 2003 28 %) 73 AOK RS v
B A R R L B AT R A AR (R R
hR), 37: 67-73]

Chen S, Huang Z, Zeng L, et al (2008). High-resolution map-
ping and gene prediction of Xanthomonas oryzae pv. ory-
zae resistance gene Xa7. Mol Breed, 22: 433—441

Chen X, Liu P, Mei L, et al (2021). Xa7, a new executor R




480 TP A B 244 www.plant-physiology.com

gene that confers durable and broad-spectrum resistance
to bacteria-blight disease in rice. Plant Commun, 2:
100143

Chen XF, Mei L, Ji ZD, et al (2020). Exploration of new bac-
terial-blight resistance genes from rice landrace resources
in China. J Zhejiang Norm Univ (Nat Sci), 43: 8-12 (in
Chinese with English abstract) [[RAT=E, #F55, 325 R %
(2020). H [E A b B U5 hOBT T RGP DR A W
TLIRYE R 24 (H AR R RR), 43: 8-12]

Chu Z, Fu B, Yang H, et al (2006a). Targeting xal3, a reces-
sive gene for bacterial blight resistance in rice. Theor
Appl Genet, 112: 455-461

Chu Z, Yuan M, Yao J, et al (2006b). Promoter mutations of
an essential gene for pollen development result in disease
resistance in rice. Genes Dev, 20: 1250-1255

Cohen SP, Liu H, Argueso CT, et al (2017). RNA-Seq analysis
reveals insight into enhanced rice Xa7-mediated bacterial
blight resistance at high temperature. PLOS One, 12:
e0187625

Corwin JA, Kliebenstein DJ (2017). Quantitative resistance:
more than just perception of a pathogen. Plant Cell, 29:
655-665

Couto D, Zipfel C (2016). Regulation of pattern recognition
receptor signalling in plants. Nat Rev Immunol, 16: 537—
552

Dokku P, Das KM, Rao GJN (2013). Pyramiding of four resis-
tance genes of bacterial blight in Tapaswini, an elite rice
cultivar, through marker-assisted selection. Euphytica,
192: 87-96

Dossa GS, Quibod I, Atienza-Grande G, et al (2020). Rice
pyramided line IRBB67 (Xa4/Xa7) homeostasis under
combined stress of high temperature and bacterial blight.
Sci Rep, 10: 683

Ellur RK, Khanna A, Yadav A, et al (2016). Improvement of
basmati rice varieties for resistance to blast and bacterial
blight diseases using marker assisted backcross breeding.
Plant Sci, 242: 330-341

Feng AQ, Chen S, Wang CY, et al (2020). Evaluation on the
control efficacy of seven fungicides against rice bacterial
blight. Plant Prot, 46: 282-286 (in Chinese with English
abstract) [15 22 0, BRI, FERRFEE(2020). 7H0 5% B 7
KFG AR B RO AR A AR A, 46: 282-286]

Galan JE, Collmer A (1999). Type 111 secretion machines: bac-
terial devices for protein delivery into host cells. Science,
284: 13221328

Gu K, Yang B, Tian D, et al (2005). R gene expression in-
duced by a type-III effector triggers disease resistance in
rice. Nature, 435: 11221125

Hopkins CM, White FF, Choi SH, et al (1992). Identification
of a family of avirulence genes from Xanthomonas ory-

zae pv. oryzae. Mol Plant Microbe Interact, 5: 451-459

Hsu YC, Chiu CH, Yap R, et al (2020). Pyramiding bacterial
blight resistance genes in ‘Tainung82’ for broad-spectrum
resistance using marker-assisted selection. Int J Mol Sci,
21: 1281

Hu K, Cao J, Zhang J, et al (2017). Improvement of multiple
agronomic traits by a disease resistance gene via cell wall
reinforcement. Nat Plants, 3: 17009

Huang DN, Zhu B, Yang W, et al (1997). Identification of an-
timicrobial peptide B gene introduced into rice and trans-
genic plant. Sci China (Ser C), 21: 55-62 (in Chinese
with English abstract) [3% K4F, 40K, #J655(1997). it
T IR BEE DR S N KRS S e HE R RR IR 4 . o L R27(C
4), 21: 55-62]

Hutin M, Sabot F, Ghesquiére A, et al (2015). A knowl-
edge-based molecular screen uncovers a broad-spectrum
OsSWEET14 resistance allele to bacterial blight from
wild rice. Plant J, 84: 694-703

Iyer AS, McCouch SR (2004). The rice bacterial blight re-
sistance gene xa5 encodes a novel form of disease resis-
tance. Mol Plant Microbe Interact, 17: 1348-1354

Iyer-Pascuzzi AS, Jiang H, Huang L, et al (2008). Genetic and
functional characterization of the rice bacterial blight dis-
case resistance gene xaJ5. Phytopathology, 98: 289-295

JiC, JiZ, Liu B, et al (2020). Xa/ allelic R genes activate rice
blight resistance suppressed by interfering TAL effectors.
Plant Commun, 1: 10008

Jiang G, Liu D, Yin D, et al (2020). A rice NBS-ARC gene
conferring quantitative resistance to bacterial blight is
regulated by a pathogen effector-induced miRNA. Mol
Plant, 13: 1752-1767

Kaji R, Ogawa T (1995). Identification of the located chromo-
some of the resistance gene, Xa7, to bacterial leaf blight
in rice. Breeding Sci, 45: 79

Khan MA, Naecem M, Igbal M (2014). Breeding approaches
for bacterial leaf blight resistance in rice (Oryza sativa L.),
current status and future directions. Eur J Plant Pathol,
139:27-37

Kou Y, Wang S (2010). Broad-spectrum and durability: un-
derstanding of quantitative disease resistance. Curr Opin
Plant Biol, 13: 181-185

Lee SW, Han M, Park CJ, et al (2011) The molecular mecha-
nisms of rice resistance to the bacterial blight pathogen,
Xanthomonas oryzae pathovar oryzae. In: Kader DM (ed).
Advances in Botanical Research. Vol 60. San Diego: Ac-
ademic Press, 51-87

Li DQ, Zhong QF, Zeng M, et al (2017). Progress in mapping,
cloning and application of resistance genes to bacterial
blight disease in rice. China Rice, 23: 19-27 (in Chinese
with English abstract) [Z=52 55, #1575, & RE(2017).




/NIRRT 02 22 DL Tt e 481

IS NS L iy iR SPS bk VAN &SI R ER T i o
[ fE 2K, 23: 19-27]

Li ZK, Luo LJ, Mei HW, et al (1999). A “defeated” rice resis-
tance gene acts as a QTL against a virulent strain of Xan-
thomonas oryzae pv. oryzae. Mol Gen Genet, 261: 58-63

Liu Q, Yuan M, Zhou Y, et al (2011). A paralog of the MtN3/
saliva family recessively confers race-specific resistance
to Xanthomonas oryzae in rice. Plant Cell Environ, 34:
1958-1969

Liu W, Liu J, Triplett L, et al (2014). Novel insights into rice
innate immunity against bacterial and fungal pathogens.
Annu Rev Phytopathol, 52: 213-241

Luo D, Huguet-Tapia JC, Raborn RT, et al (2021). The Xa7
resistance gene guards the susceptibility gene SWEETI14
of rice against exploitation by bacterial blight pathogen.
Plant Commun, 2: 100164

Luo Y, Sangha JS, Wang S, et al (2012). Marker-assisted
breeding of Xa4, Xa2l and Xa27 in the restorer lines of
hybrid rice for broad-spectrum and enhanced disease re-
sistance to bacterial blight. Mol Breed, 30: 1601-1610

Mew TW (1987). Current status and future prospects of re-
search on bacterial blight of rice. Annu Rev Phytopathol,
25:359-382

Naqvi SAH (2019). Bacterial leaf blight of rice: an overview
of epidemiology and management with special reference
to Indian sub-continent. Pak J Agric Res, 32: 359

Ni Z, Cao Y, Jin X, et al (2021). Engineering resistance to
bacterial blight and bacterial leaf streak in rice. Rice (N
Y), 14: 38

Ogawa T, Yamaoto T, Khush G, et al (1991). Breeding of
near-isogenic lines of rice with single genes for resistance
to bacterial blight pathogen (Xanthomonas campestris pv.
oryzae). Jap J Breed, 41: 523-529

Oliva R, Ji C, Atienza-Grande G, et al (2019). Broad-spectrum
resistance to bacterial blight in rice using genome edit-
ing. Nat Biotechnol, 37: 1344-1350

Porter BW, Chittoor JM, Yano M, et al (2003). Development
and mapping of markers linked to the rice bacterial blight
resistance gene Xa7. Crop Sci, 43: 1484-1492

Pradhan SK, Nayak DK, Mohanty S, et al (2015). Pyramiding
of three bacterial blight resistance genes for broad-spec-
trum resistance in deep water rice variety, Jalmagna. Rice
(NY),8:51

Pruitt RN, Schwessinger B, Joe A, et al (2015). The rice
immune receptor XA21 recognizes a tyrosine-sulfated
protein from a Gram-negative bacterium. Sci Adv, 1:
e1500245

Ramalingam J, Savitha P, Alagarasan G, et al (2017). Func-
tional marker assisted improvement of stable cytoplasmic
male sterile lines of rice for bacterial blight resistance.

Front Plant Sci, 8: 1131

Sidhu GS, Khush GS, Mew TW (1978). Genetic analysis of
bacterial blight resistance in seventy-four cultivars of
rice, Oryza sativa L. Theor Appl Genet, 53: 105-111

Singh S, Sidhu JS, Huang N, et al (2001). Pyramiding three
bacterial blight resistance genes (xaJd, xal3 and xa2l)
using marker-assisted selection into indica rice cultivar
“PR106”. Theor Appl Genet, 102: 1011-1015

Song WY, Wang GL, Chen LL, et al (1995). A receptor ki-
nase-like protein encoded by the rice disease resistance
gene, Xa2l. Science, 270: 1804—1806

Spoel SH, Dong X (2012). How do plants achieve immunity?
Defence without specialized immune cells. Nat Rev Im-
munol, 12: 89-100

Sun X, Cao Y, Yang Z, et al (2004). Xa26, a gene conferring
resistance to Xanthomonas oryzae pv. oryzae in rice, en-
codes an LRR receptor kinase-like protein. Plant J, 37:
517-527

Tian D, Wang J, Zeng X, et al (2014). The rice TAL effec-
tor-dependent resistance protein XA 10 triggers cell death
and calcium depletion in the endoplasmic reticulum. Plant
Cell, 26: 497-515

Vera Cruz CM, Bai J, Ona I, et al (2000). Predicting durabil-
ity of a disease resistance gene based on an assessment
of the fitness loss and epidemiological consequences of
avirulence gene mutation. Proc Natl Acad Sci USA, 97:
13500-13505

Wang C, Zhang X, Fan Y, et al (2015). XA23 is an executor R
protein and confers broad-spectrum disease resistance in
rice. Mol Plant, 8: 290-302

Wang J, Ning Y, Gentzel IN, et al (2020). Achieving
broad-spectrum resistance against rice bacterial blight
through targeted promoter editing and pathogen popula-
tion monitoring. aBIOTECH, 1: 119-122

Webb KM, Ofia I, Bai J, et al (2010). A benefit of high tem-
perature: increased effectiveness of a rice bacterial blight
disease resistance gene. New Phytol, 185: 568-576

Wei Z, Abdelrahman M, Gao Y, et al (2021). Engineering
broad-Spectrum resistance to bacterial blight by CRISPR/
Cas9-mediated precise homology directed repair in rice.
Mol Plant, 14: 1215-1218

White FF, Yang B (2009). Host and pathogen factors con-
trolling the rice-Xanthomonas oryzae interaction. Plant
Physiol, 150: 1677-1686

Withers J, Dong X (2017). Post-translational regulation of
plant immunity. Curr Opin Plant Biol, 38: 124—132

Xu SJ (2006). Expressional and biochemical characteriza-
tion of rice disease resistance (dissertation). Wuhan:
Huazhong Agricultural University (in Chinese with En-
glish abstract) [14:1% 25(2006). /K IGHUR KK Xa3/Xa26




482 TP A B 244 www.plant-physiology.com

KRR F BT (AL 30). B Rl R

#]

Xu WH, Wang YS, Liu GZ, et al (2006). The autophosphory-
lated Ser686, Thr688, and Ser689 residues in the intracel-
lular juxtamembrane domain of XA21 are implicated in
stability control of rice receptor-like kinase. Plant J, 45:
740-751

Xu Z, Xu X, Gong Q, et al (2019). Engineering broad-Spec-
trum bacterial blight resistance by simultaneously dis-
rupting variable TALE-binding elements of multiple
susceptibility genes in rice. Mol Plant, 12: 1434-1446

Xue QZ, Zhang NY, Xiong ZF, et al (1998). The development
of the rice restorer lines with the resistance of the bacteri-
al blight disease by the marker assisted selection. J Zhe-
jiang Agric Univ, 24: 581-582 (in Chinese with English
abstract) [ K, TKAE X, REIE KAF(1998). M7 T4
L B RS B U RS KR R &R AR OR
SR, 24: 581-582]

Yang B, Zhu W, Johnson LB, et al (2000). The virulence fac-
tor AvrXa7 of Xanthomonas oryzae pv. oryzae is a type
III secretion pathway-dependent nuclear-localized dou-
ble-stranded DNA-binding protein. Proc Natl Acad Sci
USA, 97: 9807-9812

Yoshimura S, Umehara Y, Kurata N, et al (1996). Identification
of a YAC clone carrying the Xa-1 allele, a bacterial blight
resistance gene in rice. Theor Appl Genet, 93: 117-122

Yoshimura S, Yamanouchi U, Katayose Y, et al (1998). Ex-
pression of Xal, a bacterial blight-resistance gene in rice,
is induced by bacterial inoculation. Proc Natl Acad Sci
USA, 95: 1663—1668

Yoshimura S, Yoshimura A, Iwata N, et al (1995). Tagging and
combining bacterial blight resistance genes in rice using
PAPD and RLFP markers. Mol Breed, 1: 375-387

Yu LJ, Zhang GL, Ding XW, et al (2012). Progress in identi-
fication and application of resistance genes to bacterial
blight. Plant Physiol J, 48: 223-231 (in Chinese with
English abstract) [ 4, kR, T 75305(2012). 7K
FEDT 1 At e L] 5 G I R ATT 9 o . R AR T 24,
48:223-231]

Yuan M, Chu Z, Li X, et al (2010). The bacterial pathogen
Xanthomonas oryzae overcomes rice defenses by regulat-
ing host copper redistribution. Plant Cell, 22: 3164-3176

Yugander A, Sundaram RM, Singh K, et al (2018). Improved
versions of rice maintainer line, APMS 6B, possessing
two resistance genes, Xa2l and Xa38, exhibit high level
of resistance to bacterial blight disease. Mol Breed-
ing, 38: 100

Zhai W, Li X, Tian W, et al (2000). Introduction of a rice
blight resistance gene, Xa21, into five Chinese rice va-
rieties through an Agrobacterium-mediated system. Sci
China C Life Sci, 43: 361-368

Zhang J, Yin Z, White F (2015). TAL effectors and the execu-
tor R genes. Front Plant Sci, 6: 641

Zhang XH, Wang CL, Li GF, et al (2008). Genetic analysis
on bacterial blight resistance of Xa23-transgenic rice.
Acta Agron Sin, 34: 1679-1687 (in Chinese with English
abstract) [5K/NL, FHIE, ZHE545(2008). #Xa233k
BRI KA 4 1 P A e B LA . AR R, 34
1679-1687]

Zheng JT, Tu SH, Zhang JF, et al (2009). Breeding of restorer
lines of hybrid rice with bacterial blight resistance gene
Xa23 by using marker-assisted selection. Chin J Rice Sci,
2: 437-439 (in Chinese with English abstract) [ #8534,
PRIFAL, SRIEARAF(2009). & R BT 2 K Xa 23
IKFEVRE R > Thid i B & . EKFER, 23:
437-439]




