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Abstract: [Objective] This study aims to assess the distribution of cloned or mapped bacterial blight resistance genes
(Xal, Xa3, Xa4, xa5, Xa7, xa8, Xal0, xal3, Xa2l, and Xa23) in newly developed and widely cultivated rice varieties in
South China. It also evaluates the effectiveness of gene combinations in providing resistance. The findings provide a
scientific basis for the rational deployment of bacterial blight-resistant rice genotypes and the application of these resistance
genes in the region. [Method] Using functional markers for the 10 resistance genes, 887 newly developed rice varieties
from South China and 25 major rice varieties from Guangdong Province (2023-2024) were screened for resistance genes
to bacterial blight. The resistance of 887 newly developed rice varieties to Xanthomonas oryzae pv. oryzae (Xoo) was
identified by artificial leaf-cutting and inoculating with the dominant pathogenic strains of Xoo in South China. The
resistance of the 25 major varieties in Guangdong Province was assessed using 102 representative strains from 11 major
pathogenic types collected in 2024. [Result] Ofthe 887 new rice varieties, the frequencies of varieties carrying Xal, Xa23,
Xa3, Xa7, Xa4, Xa2l, and xa8 were 16.57%, 12.63%, 6.99%, 5.98%, 1.92%, 1.92%, and 0.34%, respectively, while no
varieties carried xad, Xal0, or xal3. Among the new varieties, 0.34% carried 4 resistance genes, 0.34% carried 3 genes,
6.99% carried 2 genes, 29.99% carried 1 gene, and 62.34% carried no resistance genes. Among the 68 new varieties with
gene combinations, the most frequent genes were Xa23, Xal, Xa3, Xa7, Xa4, and Xa21, with application frequencies of
63.23%, 63.23%, 38.23%, 27.94%, 14.71%, and 5.88%, respectively. Of the 887 varieties, 20.41% were resistant to the
dominant Xoo pathogen in South China, while 79.59% were susceptible. The percentages of resistant varieties harboring
only one of the genes Xa23, Xa4, xa8, Xa7, Xa2l, Xa3, and Xal were 92.75%, 42.86%, 33.33%, 32.35%, 23.08%, 11.11%,
and 7.69%, respectively. Among new varieties with 4, 3, 2, 1, and 0 resistance genes, the percentages of resistant varieties
were 100%, 100%, 64.52%, 35.34%, and 7.41%, respectively. 65.22% of varieties with Xa23 were resistant or moderately
resistant, and among the new varieties developed by pyramiding Xa23 with different genes, 79.07% were rated as resistant
or above. Among the new varieties carrying Xa7, 61.76% showed moderate susceptibility or worse, and 90% of varieties
with pyramided Xa7 and other genes exhibited similar susceptibility. For the 25 main rice varieties in Guangdong, only
20% contained one or two resistance genes. The frequencies of Xa7, Xa4, and Xa3 were 4%, 8%, and 12%, respectively,
while no other resistance genes were detected. Only 4% of the main varieties carried two resistance genes. Most of the 25
varieties were susceptible to the representative strains from Guangdong's pathotypes, with resistance frequencies generally
low. Only Guang 8 You 2168, carrying Xa4 and Xa3, exhibited a resistance frequency of 20%, while other varieties had
resistance frequencies below 10%. [Conclusion] Currently, most of the new and main rice varieties in South China lack
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bacterial blight resistance genes or effective gene combinations, leading to widespread susceptibility and an escalating
threat from bacterial blight. However, resistance increases with the number of resistance genes. Breeding rice varieties with
multiple resistance genes is a promising strategy to address the evolving virulence of bacterial blight. Xa23, Xa7, Xa4, xa8,
Xa2l, Xa3, and Xal contribute to enhancing resistance, with Xa23 and Xa7 standing out as particularly effective and widely
applicable resistance genes for future breeding in South China.

Key words: rice bacterial blight; resistant gene; new breed; main varieties; genotype analysis; molecular marker
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Table 1. Sources and pathotypes of inoculated strains for resistance identification of main cultivars in Guangdong Province

B R BT & 20 244N 2.Number of pathotypes to which the strain belongs

= [CLZ3
Rt B B2 B3 B4 His
. Number of
Origin strains 1 I v \Y% VI IX New New New New New
pathotype 1  pathotype 2  pathotype 3  pathotype 4  pathotype 5
B Huizhou 7 6 1
758 Dongguan 5 3 2
I~ Guangzhou 5 4 1
VY5 Heyuan 4 2 2
YLI7] Jiangmen 20 14 5 1
#8FH Jieyang 4 4
il Shanwei 7 1 1 5
7%4 Maoming 18 2 1 2 1 11 1
MM Meizhou 3 2 1
J&iE Qingyuan 2 2
WSk Shantou 1 1
BHYT. Yangjiang 7 7
WL Zhanjiang 12 7 3 2
ZPK Zhaoging 4 2 1 1
ki Zhuhai 3 3
it Total 102 1 3 1 40 1 48 3 1 1 2 1

RIGAR(GR 1) % Bow RLAE b 25000 % £ E SR R
m[ZS-Zﬂmﬁzo
13 i eEYMRIE S SR

BEalA B R T A 8 RO B 2 B A ) £
PRIEFCRI R DX AL K 26 2 R A
FIENE S AR IR A AN A
R TR], S M RREE E ER R A R . KRS DX T
Al AR EHER M TSR AR E A

®2 HRAETEELENFTE ENBRRE
Table 2. Pathotypes of Xoo strains on Chinese differentials

LT Em TG, WERZSTRMER, b
HRE30d, BRE25 dBAN . | AR E AP A5G
FRRE T e 20244 R FHESFR L A E E AR
Y FF A PR g T T R, R,
DR AP RSP O ER, 2IER, [F—
PP EARARAT IR 18 cmx24 cm, $ZF0 R K [H] BF40 cm
DL b5 KRS X8 o b 1 4 e Fhoi 5 o

2023-20244F 7K FE X 0BT A TSR R HE A

Y575 £ XN Reactions of differential hosts to the strains

Piﬁiie @BJIBO e %jﬂ@?ls 14 26
Jingang 30 Tetep Nanjing 15 Java 14
I S R R R R
1I S S R R R
11 S S S R R
v S S S S R
\Y% S S R R S
VI S R S R R
IX S S S S S
F 241 New pathotype 1 S S S R S
Fi 242 New pathotype 2 S R S R S
B3 New pathotype 3 S R S S S
Hi74 New pathotype 4 S S R S S
245 New pathotype 5 S R R R S

R: PUM; S: B,
R, Resistant; S, Susceptible.
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Table 3. Grading standard for evaluation of rice bacterial blight resistance by artificial inoculation

EqREs R

Resistance Disease level

it

Illness

Pt HR

i R

i MR

0

B OB R BE, BCE A B R R . B EEA Y RN T4 T 1.0 om, BRI BEIH
BUNTET5.0%

There is no obvious lesion under the cut, or only a brown spot reaction. The longitudinal
extension of lesion length is less than or equal to 1.0 cm, or the lesion area is less than or equal
to 5.0%

TP NP EL1~3.0 cm,  BORBEIIAR & H-THF5.1%~12.0%

The length of the lesion extends longitudinally from 1.1 cm to 3.0 cm, or the lesion area
accounts for 5.1% to 12.0% of the total

TABEK LY E3.1~6.0 cm,  BURBEHIAR o5 11 8112.1%~25.0%

The length of the lesion extends longitudinally from 3.1 cm to 6.0 cm, or the lesion area
accounts for 12.1% to 25.0% of the total

TP Y 6.1~12.0 cm, BT BEIIAR &5 - 0 8125.1%~50.0%

The length of the lesion extends longitudinally from 6.1 cm to 12.0 cm, or the lesion area
accounts for 25.1% to 50.0% of the total

PP NP E12.1~20.0 cm,  SURBEHEIAR &5 11 A150.1%~75.0%

The length of the lesion extends longitudinally from 12.1 cm to 20.0 cm, or the lesion area
accounts for 50.1% to 75.0% of the leaf area

TP LAY R T20 em, B BEIIARK T HI AR 75%

The longitudinal extension of the lesion length is more than 20 cm, or the lesion area is more
than 75% of the leaf area

WA T3 6 1) B 32 A i M 5 I AL, A
BidGi—A7, BATI00K, A, HRITHE18 cmx24
cm, BHE20 S PG 14T -
14 REESS. ®RENXEMEE
141 EHhY &, BREETRKE

FEJp 3 g 22 SRR OB i i H 2R, S G
BKIE, PRk 75% PR R THH 530 s, SR TN
0.1%FH 7RI REI~1.5 min, fJi FIT B KIBE3IX,
0 T )5 #0509 H PR B A IR
(Wakimoto potato dextrose agar, WPDA )& {415 77 3
RHIT_E, 28~30°CHE 77 o 4% FIR 720K 5 AH LRV
BEE M, IINEE R KRIE10~15 min, SAEH
TR AN [E) A 52 ()0 B eV PRI 66 B e T
mLJEA R FR LA, B8 §35°C A A R RS 77 2%
RO 5, TRUE AE28~30°C R FRM B 77, tnl
T8 B BRI B B AT T [ A WPDA RS 77 5 3% .
KR GAE IR ARV w R, B N VE R R 7R 2
BEF748~T2 hiT , 4% 52 W AT 75 kAT o b B0 2
L EA M N H M ORAFETRN-T0°CREAK IR 0K
RIS
142 #EMAE

WA RFEIEE WPDA AR b, 5L
Br gk b 28°CHiFR 72 h Ja, HEH/AKE NEEM
MR, BEF ORI 6x10% cfu/mL. TE/KHE

ZAFERA, N YRl (T AR B T R A
B PRV, B A BY T B S R e A R 2R
2~3 cm HI/NBIAR, BE— IR BT 2~3 ) #EEE
102 MR E R — ERIEREN R B HE S Fp 3
MpfErk 20 FrotCAEIHR ), W2 IRER; BPIX
R AR 3R B ARTE BN KRR i P ek 5 Wk FE
B, RRZEDERN 10 Frk(CLEIHS 32) . BY -
Ja 21 d WHERI SR, R0 I A Rk DA R AR A
vz g Hp ] A e A R ORT B e A S R
TR R RIRFEEE IR, 25 ] S P 1 RO R R
BI85 B0 T R AH N 3R R 07 T YORIREE S R DA
I B T AR (K BT 7 i T AR (K ) B 0 R AE A Pk
RNZH, 2RI BroKFEREFC T2 2 b HERS TR [F 5%
IR DX i ol 10 P A 995 0 2 6 7 98 0 s 1 12010
AHCFGER 3).
1.5 1EYIRHERE K DNARZEL

FEEAR K 2.5~3.0 S, AT FRAEI R4
A ACRAE 2 AN AR B IRAUET 2.0 mL 1)
BLEY, SRR, BT -80°CIIUKFE N fifi il
%M. DNA fEIRICEER: 1 H2EE /KR F 1
B ER R TIN5 min, [ 5 HPUEL A
TR Fro 2) FREL 0.5~1em JKFEM 2N
2mL B0 NI 1~2 RN ER J5 2 i & 3~5
min. 3) KBV LR, TR IR AR AR
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Table 4. Specific marker detection primers for the ten bacterial blight resistance genes

SRS SIYIFF3(5°-3") T BOR/N ZE R
Gene Primer sequence (5°-3°) Expected size(bp) Reference
Xal F: ATCAGGAACTTGAACTCCAG 202 [4]1
R: AACCACTGATTGCGGAAGG

Xa3 F: CCACAATGCCATGTCAGGTGGCATCCCTGCA 255 [30]
R: AGGTGTTGGAGGATTGGCAT

Xa4 F: GCTTAAGAGCGTTTGTAGGG 320 [31]
R: GCCACCGAAGTACTACCCAT

xa$ Ext F: CGGATAGCAGCATTTCCAAGAG 950/375 [32]
Ext R: GGAGAAATTACATCACAAGCGC
Int F: GCTCGCCATTCAAGTTCTTGAG
Int R: GTAGATACCTTATCAAACTGGA

Xa7 F: GAACTGCTCTGCTCAAGTGCCTC 1100 AR Unpublished
R: CGCCATGAAGCAGAAAATACGAC

xa8 F: GCAACTCGACGGAAGGCATCG 259/200 [33]
R: GAGGGCTCAAGACGAACTCATCACG
Ext F: GACCGCACCTTGACGATCTCC
Ext R: TCGTCGCTGTTCTCCTACTCACC

Xal0 F: CGCAATCACTTCAATTACTT 270 [34]
R: GAAGAATGAAAGAGGAGGG

xal3 F: AGCTCCAGCTCTCCAAATG 1000 [35]
R: GGCCATGGCTCAGTGTTTAT

Xa2l F: TGCTGCAGGTCAGCCAAGCTTA 1500 [36]
R: CAACCGTTGTTTTGCCTCC

Xa23 F: AGTCCCTTCCGAAACATCTTCC 1279 K2 Unpublished

R: GAGGTAGGAGGAGGTAAGGGATAG

SRR IR BIA B AT 514

“Unpublished” means that the primers were designed by the authors.

AJE N 400~500 L DNA $EHGREEBOR T AT T
2 80°C)o 4) KHIMAFEHGH AL IR G T AL EE
15~25 min(HAIEVEE] 1~2 B8 5) THIBAEELE R
AHEHE 12000 vmin N0 7 min, Y EER 1.5
mL B0 MG E R ABHESUTE 10min LA E. 6)
BT HIRE ST 12000 t/min R 250y 7min, 5 F
TEIIA 600 UL To/K LBEEDE 1~2 (R UTTEY)), {5140
TSI 80~100 uL TE ¥ fi#(4°C 5i-20°C {-47).
1.6 10 Bt EEEERSR M S FiRic S
1.6.1 10/ 4um A& B 4% F M5 F 47T

AWFFEHF Xa3 824 5P bR id BB3-
RF/RBY . Xaq fdH 12 K% IEB M SSR Frid
RM224L3BY, xa5 {# )2 DhREPEDYEARIEEY . xa8
R ZEE%ESM SSR Frid RM21044 |
RM2104533, xal3 Dhfehric M Chu Z53R0E 1K) xal3
R BT X AZEFBREY. Xa2l RS S%E
Bibric pTA248P8, HA S ARic i) BAR(E B ILE 4.
1.6.2  104N4usm 28 B 4 7 1 4 F AR 69 4 )

FIFH 10 DIEFEE RIS Thrd, SHERREX
887 AN IKABXFH Ah AN AN 25 AN R4 T HESL b T4
TR RS AT PCR 38, AN SRR 3 A

A, 4y Fhric PCR §71E: M EARFN 20 uL, o
HEKREFE A 2H DNA(20~30 ng/uL)1 pL, 10x PCR 2%
W 10 pL, 1E A5 4(10 pmol/L) & 0.5 uL, ddH,O
8 uL. PCR FZF U1 R: 94C FFiAetE: 3 min; 94CF
P 30s, 55°C~60C iRk 30s, 72°C FZEMH 1 min,
35 MIEHR; 72°CIEM Smin. PEYITE 1%~2% I35 fE A
HERE AT FVKRTIN,  FEVKSRAEN 145V, 30 mins
1.7 HELIEBES SR

% FH Microsoft Excel 2010 #:17 R 4GB IR AL FE
K H Graphpad prism 8 #fF, X & A BAHLE AL
FE DRUHT b MBS B A R DR H A 1) R
PR B HAR AT E B Gt A .

2 SR

2.1 887 KFEXINFTm AT R MR IX BY
Eal:0f7 Nk

887 ANKAE X AHT b Pl A 56 11 A 9 4 e e 2
FURBIXR BRI, hhi. P R SR
f R AT 7 B A8 20 5 R 14.88%(132 M) 5.53%(49 M)+
10.82%(96 ™)+ 40.70%(361 /). 28.07%(249 M)A
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45.00 ¢ EH xa8, 17 NHmMER Xa2l, 112 HamME
40.00 A Xa23 o #57 H R e 201 hn i iR I 45 S 4 ]
35.00 | 2 Fon. FERCIY 887 N/KFEX BGH mmFh, btk
3000} R Xal M Xa23 KSR s, &R 55008
%% 2500 16.57%A1 12.63%; HUCEHMEEEA Xa3 Rl Xa7, 73
~2 200} BN 6.99%5 5.98%. FEECHFIR, K%
15.00 } BARKI PR A A Xa4 . Xa21 1 xa8, 537N 1.92%.
10.00 | 1.92%F1 0.34%. KM 887 AN/KFEIX IR it Ft 45
500 b I AN PUEIE xaS. Xal0 K xal3(Bl 3). % LT
o B W, 10 M8 AL HARSEIR L SR
FERHS &S FEMS FHMR O HiR MK IR Xal v Xa23. Xa3. Xa7, FHH Xa23. Xa7
Bl 8874 KFEX IR i@ Pt ARt AR SR b % R OB PSR BB 2L 12 22,271,
Fig. 1. Ratio of different bacterial blight resistance types in 23 KEXRHEMEBSHIMAMTHERKES
the 887 new rice varieties W
1), $07 bl 20.41%, B S 0T 79.59%, XA o 887 A KA X AT in PR L AT ARG 2
S o R L R R 22 Bt iradr, HhE 3 AFMEH T 4 MLE

22 KEBXIRFRFET AR EER R H S RS IR SRSt 7T 1 A DR R B 22 1 T
FIFIAR RO S B s S bricar 887 Akdg A e BATIUET A FRI LS 0.34%, SRS
XA B R AT T oA RS LRSI, Hh 147 N Xa23+Xa7+Xa3+Xal F Xa2l+Xa7+Xa4+Xa3.
ASHEIRF AT Xal, 62 MFFIEH Xa3, 17 0% A 3 DFTAAIELE T3 PRI, L A
WA Xad, 53 AFMAHE Xa7, 3AESA BT @RI T R 034% . AR A SN

A M CK I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
2000 bp —>

1000 bp .
750 bp —s>
500 bp s,

2000bp —>

1000 bp —s>
750 bp —>

500 bp —>

2000bp —s

1000 bp —>
750 bp —>
500 bp —>

M: Fic; CKIZR #-AHE R LA B X B e A Xa2 RISV 43 b o 35 43 20 45 (0 31 A0, X2 142 FH OO BE PR HEONTRBB21, 1~18% REFR 1+
T98. T104, T110. T112. T125. T336. T342. T358. T366. T377. T380. T387. T404. T436. T455. T466. T779. T880; B: Xa7k KK F /1
FRicS #4 HA 1 7 F A, Xa 748 FR IR BHPE XS HECHIRBB7, 1~18%J B2 fff 2 171 T7. T45. T82. T107. T163. T212. T241. T263. T331. T354. T387.
T440. T597. T625. T654. T689. T748. T836; C: Xa23Hk 4 57 170 T-hric Xl &l 74 & 70 T4, Xa 235 HY B4 X [ 9 CBB23, 1~18% R 1
FITI5. T53. T107. T149. T174. T204. T236. T266. T331. T360. T380. T447. T484. T513. T532. T623. T670. T783.

M, Marker; CK denotes the positive control corresponding to each gene. A, Molecular detection of specific molecular markers for Xa2 genes in some
combinations, and the positive control is IRBB21, 1—18 correspond to T98, T104, T110, T112, T125, T336, T342, T358, T366, T377, T380, T387, T404, T436,
T455, T466, T779 and T880 in Supplemental Table 1; B, Molecular detection of specific molecular markers for Xa7 genes in some combinations and the positive
control is IRBB7, 1-18 correspond to T7. T45. T82. T107. T163. T212. T241. T263. T331. T354. T387. T440. T597. T625. T654. T689. T748.
T836 in Supplemental Table 1; C, Molecular detection of specific molecular markers for Xa23 genes in some combinations, and the positive control is CBB23,
1-18 correspond to T15. T53. T107. T149. T174. T204. T236. T266+ T331. T360. T380. T447. T484. T513. T532. T623. T670. T783 in Supplemental
Table 1.

E2 $HRMSFIRCHKFERMIR B HERE X231

Fig. 2. Detection of bacterial blight resistance genes in rice varieties with specific molecular markers
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Fig. 3. Distribution of resistance genes to bacterial blight in
887 new rice varieties

Xa23+Xa3+Xal. f 62 MMttt 7 2 Mrant
FhFER, o5 SR SRR LE R 6.99%,  JE R 1Y
HEH Xa3+Xal s Xad+Xal  Xad+Xa3 .\ Xa7+Xall .
Xa7+Xa23 . Xa7+Xal . Xa23+Xal « Xa23+Xa3
Xa23+Xa4 Xa23+Xa2l. 5 266 ASH R R AG H
1 ANPUAMRT R, R T R R R
29.99%. A 553 NFran AP A B4R 10 A
PO ARG L DR R AR AT — A, o A R B
ot 62.34%(K 4). FEIN, fEAZEKIA AT 68 458
suFh R Xa23, Xal. Xa3. Xa7. Xa4. Xa2l )T
PR IE 63.23%. 63.23%. 38.23%. 27.94%.
14.71%~ 5.88%. Z5 L F WL, & B 7K DX il i b
DU B LT 2L R S Fb e 225 Lok, AT
FEIER PR R, PURER RSBk fhp
H I N HIEART
24 WHMBMHBEERRE . LB SKERM
BIRE X M S

G561 R s A T A0 B 50 Y IR R R Y
RAEHE, Hr 887 AN/KFEXHT & A b 1 ik
FE R R A B AP BOE ME A B A DS MR R 1)
SRR, KRB DCEHT A P B A S A
TP R B B T S R, Hoh, S
4 ANF 3 ANPUR SRR KRS A 6 A, SR
YU, PO A REEERIR 100%; SF 2 NMUE
FER KB d AP 62 >, RIPURKIAH 40 1,
HUR A G EE R 64.52%; S 1 MPUR IR R
IKFEHAE 266 4, RIGUFIIA 94 1, i
P BTG 35.34% ;s £E AN S A AT SR AT
FERAM 553 AKFEH A, RIPURKHRA 41
A, PO SRR EEA 7.41%(E 5).
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Fig. 4. Number of bacterial bligh resistance genes detected
in each new rice variety and the percentage

AL, ANTE] G B — R DR B R KRS X R ET
A PUR TR R I B E R Hd,
Xa23 Wiga MG, HPom w5t R
92.75%, JeFTA R —HUE R R s s R
IR Xad xa8. Xa7. Xa2l. Xa3. Xal, HHi
m A I EE R BN 42.86% 33.33%- 32.35%-
23.08%- 11.11%- 7.69%(F 5). FIEF, 7E#5H Xa23
H—JE R R R 65.22% 15T S Rk BT LA
by 5 Xa7 BRSNS R 61.76% 058
mn AR R LR, R Xa2l. xa8. Xa4. Xa3.
Xal H—JEDRI B St Pl BR 008 b Fp ok, AR 4
3 IHT AR IR LR, SR R R 2
R AP A BE (B 5).

AL, AEEEAHSMF, Xa23 514
2 N3 MRS RE AR BT SRR AR 4R
TR IITE 90% LA b, TEHEH Xa7 5 Xa23, Xa2l %
DRI 2 BR8P 0 PP L 2R 7 87% LA 1, Xad
Xa3. Xal 7% Xa23, Xa2l. Xa7 2 5 )R KH
A R B A R A 0% 5). I, Xa23
SRR RS mM A 79.07% 858 ik
P UL b, R SPOETE: Xa7 SARERES
PIHT A A 90%1HT AR R DL b Xad,
Xa3. Xal TE3%H Xa23. Xa2l. Xa7 Z 515 RNH
L S A e 4K 4 P R IR SR UL R (B 6).

25 LRTIR, Xa23 FE[RIAE F— 3L [R5 R A 2 A X
Ny Gl b e VI VI RS AR E AN PO W\ TR LN
PERISE T TTHR B R, HART 3 Ak 2 R s 1A 1)
TR K IME IR S Xa7 .\ Xad - xa8 . Xa2l \ Xa3 1 Xal .
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Table 5. Ratio of resistant varieties among new varieties harboring single resistance genes or gene combinations

B P Bl R 2 A F AR EARELTVLE Y PO
Gene or combination of genes Number of varieties Number of resistant varieties Ratio of resistant varieties (%)
FcNone 553 41 7.41
Xa23 69 64 92.75
Xa2l 13 3 23.08
xa8 3 1 33.33
Xa7 34 11 3235
Xa4 7 3 42.86
Xa3 36 4 11.11
Xal 104 8 7.69
Xa3+Xal 8 0 0.00
Xa4+Xal 1 0 0.00
Xa4+Xa3 6 0 0.00
Xa7+Xa2l 1 1 100.00
Xa7+Xa23 8 7 87.50
Xa7+Xal 7 3 42.86
Xa23+Xal 23 21 91.30
Xa23+Xa3 6 100.00
Xa23+Xa4 1 100.00
Xa23+Xa2l 1 1 100.00
Xa23+Xal+Xa3 3 3 100.00
Xa23+Xa7+Xal+Xa3 1 1 100.00
Xa2l+Xa7+Xad4+Xa3 2 2 100.00
n=69 n=13 n=3 n=34 n=7 n=36 n=104

FE HS —

&S - . oo
-
Eé FE& MS — - esccccsses . -
&

FH MR —] — . ceocee .o .

YL R — ————— oo . o ecee eoe oo o
I I I I I I I
Xa23 Xa2l xa8 Xa7 Xa4 Xa3 Xal

E5 EHaMaMtEEEI MRS

Fig. 5. Distribution of resistance types of new varieties with single resistance gene to bacterial blight

25 FRATERMGAMEFEERRARE & 20% ARIEATIN 10 AR
ZAESIHT MRS 20 4, &5 80%, KA R

25 ATHRA LR A AR A AR SRR OB, HLE
FRMAFENE S RILK 6. 25 AT RALHK  FHFRIEE G EHERF T RIS X7, Xad,
FRALRR, 6 1 B0 2 MR RO U S A, Xa3 BB, SLABRERIEARIE. Sh, &
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Fig. 6. Distribution of resistance types in new varieties with resistane gene combination to bacterial blight

®6 T HETHKFERIP B ERE R T REREIR

Table 6. Bacterial blight resistant genotypes of major rice varieties and their resistance frequency to strains from Guangdong

Province
G TR ?}L&ﬁz ﬁﬁﬂ"]bﬁ%ﬁ%
Number Variety name Resistance Detected resistance genes
frequency (%)  Xa23  Xa2l Xal3 XalO0 xa8 Xa7 xa5 Xa4 Xa3 Xal
1 BR 41 Yuehesimiao 2.94 — — — — — _ _ _ _ _
2 Bt i Nanyouzhan 2.97 — — — — — — — _ _ _
3 F.1li#2 1 Wushansimiao 1.96 — — — - — — _ _ _ _
4 Bk 2214 Yuenongsimiao 2.94 — — _ _ _ _ _ _ _ _
5 %% 525 Meixiangzhan 2 1.96 — — — _ _ _ _ _ _ _
6 M ih#r 5 Nanjingxiangzhan 1.96 — — — — _ _ _ _ _ _
7 B3 Yuemeizhan 1.96 — — — — — — — _ _ _
8 194 19 xiang 1.96 — — — — _ _ _ _ _ _
9 3/l Huangguangyouzhan 3.23 — — — — — — — _ _ _
10 X35 Shuanghuangzhan 2.94 - — — - — — - — — _
11 ®tEd Nanguizhan 3.92 — — — — — — — _ _ _
12 #FHF1L1002 Jifengyou 1002 8.82 — — — — — + _ _ _ _
13 ] 8ft4 4 Guang 8 youjinzhan 1.96 — — — — _ _ _ _ _ _
14 H&EMI19% Qingxiangyou 19 xiang 0.98 - — — — — — - — _ _
15 17812168 Guang 8 you 2168 2020 - - ~ - - - - 4 4 -
16 H&EMHH 2T Gengxiangyoulisimiao 8.82 - — — — - — — — + —
17 YPifk1378 Y Liangyou 1378 2.94 - — — - — - — — — _
18 44T Jinnongsimiao 1.98 — — — — — — _ _ _ _
19 ®35430 Yuexiang 430 5.88 — — — — — — — _ _ _
20 JHFRMKSLLT Guangtaiyoutianhongsimiao 0.98 — — — - - — — — + —
21  EMEFEF L Meibaxiangzhan 1.96 — — — — — — — _ _ _
22 MRk S Hongyougiuzhan 0.98 - - — - — — - — — _
23 84169 Guang8 you 169 5.15 — — — — — — — _ _ _
24 YWiff1173 Y Liangyou 1173 1.96 — — — — — — — + _ _
25 YPif3089 Y Liangyou 3089 0.98 — - - - - - - - -
= RN BE RO B L BT HE DR ;<RI BT R R R o
“—”indicates that the corresponding disease-resistant gene is not detected; “+ indicates that the corresponding disease-resistant gene is detected.
Xa7 FEFRFRA 1AGEF 1002), Akl 4 8 1L 2168 BHEMA LT | RILRELLE: & 2

I 4%; F Xad R 2 A4, AR HE SR MUK (Xad 5 Xa3)AH 1700 8 L 2168),

(1) 8%, a2l 84k 2168, Y Wfh 1173; & Xa3 Skl EHER PP 4%.

SEAA 34, SR AR 12%, 2H0E Rl 25 AN 248 7R A1 x4 K 22 H )
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I ARBUR AR R E AR R BUBR, P R .
Hrb 8 1L 2168 FHFAL 1002, #r&M7 221, &
4307 84 169 HUPESIH 437N 20.20%- 8.82%
8.82%~ 5.88%~ 5.15%, HAhFHE S FhHUEANZ IS/
5%LA T EHMANYURERAS Xad 5 Xa3)H))™
8 1 2168 MIPTIGHE .

i LTI, TRAB KR EHE AT T RE T
A I8 R AR5 ) R R HEOKRE SR A S
W ILBUR L RIAR 2, JCIL LA = N FH P DTk AR
B Xa23 FERAIE; PUREEMEESNHSE—
SEFERE B4R T8 S AN TR, (H H T R 2 R
I RETET R KRG HE S Flep B B2

3 Ui

301 WK EREAREASIIKERM#
AT X B F

KFE AR E TR BRERE, B
SiE, LTIk R HER TG o 5 S CE R, FhAE
A R B st o 425 1) 7K 10 e A s B 22 5% A AR
JiiFe DRIE, AP A R KT B U e R AT SR
BT ¥ B B AR o 1 AR A 1 m A X RREHE 7] 1T 3%
49 DX ot A R 2 7 2R o AR B PR KT L B 2
(R 28 53 A1 72 $& o i M A Js B 458 R I & R HIT
Feo HETEEM 49 N EAMRE R RE P O A
BE T 18 A, MRIEHILK LR T HLHEI 4N 6
B N iV e S ) Y/ 1 i = - S =R O B3PS A
FEGL, ik TR EPURHLEIZREL., MHEZ .
Pitkfae . FEA—8 10 ANHE WA RS A
FIDIRetE > AR, XTHERAEIX 887 AN /KAEIX KT
A APAT 25 ANTRA EHERFNEAT TP A AR
B 53 A AN 45 e BTl o, RIS AT 74
AT S5 RERIH, 887 AN/KAEIXIH A
RIS 440 34 240 1A 0 NPUREE R
AR AR IUHT A R AR G 0.34% 0.34%.
6.99%- 29.99%- 62.34%, Hr iR DA S B 2 ]
FImFhEZ, Hrh Xal, Xa23. Xa3. Xa7. Xa4.
Xa2l. xa8 BRI AR RN 16.57% 12.63%-
6.99%-. 5.98%. 1.92%. 1.92%. 0.34%, xa5. Xal0
Je xal3 FEPRR HARZE S5 05 887 AN7KHE X b
b e St T P A 9 A R A A B0 B TX Y B R I
B AN 20.41%, BORSFT H 79.59%, B bl
HROR R FIRZ . EEEH 440 340 20 14
0 AN JE R B KA B P, P il b Bl 284K Ik
N 100%- 100%- 64.52%- 35.34%- 7.41%, HAE
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PO 25 D] 1) 7K e T ot ol 38 3 470 1 & 3] 7 J 2% LA
T, BRI SFRZ . 25 DN RKE FHEKRE M
FheR, RATBAREFCH 10 NPT A ARG IE R R
FAEAT— AN S R 5 80%, KR4 A48 - HE/KF
a FPERAN S AR I PUR A R, B S A PR R
) HE SR G R Xa7, Xad. Xa3 FEPH, HAh
PURBRISBA R FE 25 AN ARBEKFEE
e ot b 0o 28 K 22 B0 T AR B0 B AR SR B AR Y R I
JBIF, U IR RIS, 10 8 L 2168 FUIEMHE N
20.20%, HAth EHEFFPESIRIIE 10% LR A
WAL RS T TEPG 1T 2019 & 2023 FEFE
X H 58 i PR [ A B R I E A R —
o WHG, RS X E ARSI AL
07 7.8%, A R 61.8%, [T AR TP AN
R OE AP AR BN 16.5% 4.5% Al
5.7%. 5 LRTIR, H RS 2 R HE R 13 10 XA
BEIRTLPL DY YA ARl VA S I N N o N L W E TR o =S
DRI ) b ot o 7 R 43, R FH (R 08 DR AN 8
o FHNH, ANE S RDEHE R T3 0 X T & Ak
AR N AR SS DU v B A R 2 . KR L AR
SRR RS L ARSI (57 e I Nt 1
JRIER AR DS, JoHEE = MR ST R B
TESTRSERAR G RA RN A T — e R E
e A PTRE , H H ATE A RS SR B RS
B o T R P LA R B AR K R
%, IR X AR RAT B AR LTS
A X EERR R EERE. Kk, N
SR SEHUKFERNEAR M . KR RIHF =3, —
J5 TR N IR S, FH B L R R AL . usie b, 1
PR E TR e SN E A o C PN S s BT VA € 2p A
IXFERR A I, fRa s e, DAt
A7 N it ol A R B AP R AR SR T
3.2 Xa23 1 Xa7 BEEMFEE AT SHER

SR EA PR E . PUiES . PRI, K
PE DT IR FEE v 1R O B 0 2 IR A2 B B v P KR
iR RTEE R BRAIE AR 7= N FH b P £ P 5
IKFEARSR T E A . Xa23 M Xa7 22 R 2 H AT E N
AN BIPUPERE BE G B 5 58 S AR R s L 1A
ELH 38 78 J5 B30 P (2L ) ) 2 R 15 L RO
TR AR BR IR N RIE . b, Xa238) 28
TARBEE R, 20184714 E & H 502 A Ll sl
N5 Xa23 5 R EAT U B A, 4B O E & Xa23
FER P A634, BT 21500 JThm?B8l, A&
HIF FEAG I I 88 7 AN 7K ARG X A dt B, Bk Xa 4k, LA
Xa23kr A e, K3 812.63%, 15 HE KR
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