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IKFEURIEIEHLHI A T R

TR, hEH BRE, HY, KEK, REE AFA REE

WL IHE R =2 4E dr Bl 22 22 B, @ 321004

WE /KFE(Oryza sativa)@ it it FigEEIREEN 2 —, H

PRI AR R 2 A AR, KA A A TR 4

VRSB R B o FLrbr, REREN AR AN SURG T A2 52 4 BRK ARG 2E 77 B3 1 B0 3, B | AT 1 BUm PR A /KRS i Ahg
TEJEBE . WLAESR, KREHUR T FENLEIO TS T S E o S ANAKRE B G 38 S 8 LA K 7003 A O 2 R T e 55 T 4 ik
TOKFETUR R HLE], $- 045 FM R 010, DUYRKRE B B AR gt 5% .

SRS KEE, BURRIENLG], A G

LA, tRWE, BB, B, KEK, BHEE KT, BEF (2025). KRGO REHLHITLERE. HY¥ik 60,

734-748.

/K #%(Oryza sativa) & 4Bk = K EARIEMZ —,
HregExt T REAR a7 22 R HEE(Yu et al., 2020).
SR, 7K R B 2% s 5 0 AR B 22 4 0 BB R By,
JErPoRBIE A A SO 9 3 T g T 7 A
ZPKABAE =, & MR I UK ARG B R AR
30% (Liu et al., 2021b). 7KFHI 1L Ge B ih 752
FEONE AR ZS, AR E, HH A G, &2
A5 S R P AR U2 I o XA AR S T B A ], AN
R A R AT 47 22 o o BB 709 25 DR AT AL 1 i
Fr, HETTR: B B0 KRS b AR 5796 KRS 3 1) 2
B .

AT, HT0E IR S MU R S, 7K
FE= KW HW AT 7 H KR, Hid 60/ puth
R & 7 5 7al(Yang et al., 2022; Younas et al.,
2024). SR, ZKFERE AR XS 0K I S5 B 11 5 A s L
il AR BN 7850 B B . BESCR B, KFELE R MR
JEARNAR I 2 fil R 22 5 0% R 48, L4590 S5 AH 9% 4 1
# . (pathogen-associated molecular patterns, PA-
MPs)i% 5 11 % 7% [z B KL il (PAMP-triggered immuni-
ty, PTI)F1 J 1 2505 2 H (effector) i S 1 5 5% I B
#1 #1 (effector-triggered immunity, ETI) (Lu and
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Tsuda, 2021), FFEIRNABMR, Z RZWEMHLLLE
W3R S5 R AR A TR T R R X 9 B T PR L o A SC0E
3K A T I BOR LA 7K 8 23 T B AL A A
LTIV AR R I DR B e e ot Fe AT A 45, I 4R H /KA
OB SR T 7 1, LUK RS 500 B A it
HES%,

1 KBEERE

IKREAE A AR 1) AS 7T 38 S 1 52 1) — 2R 519 5L T
MR E . Igirh, KA 205E Wk E, Hrhfimn
Wi SURERI AN A BRI R 2 e E ™
HAY3MR T, P KRS P S AR A R (Liu et
al., 2021b).

1.1 BER

TR & 1 AE AL 70 1 (Magnaporthe oryzae)f? 4% 5l
FEC ) — b FL R B KRR T o o TR T I T B Dy Re AR
B 6 iR Gk FBH L, AR IR G R 22, (EK
FEAEM AN K2 EE . BRI, FRIRW B AR Jead 72
Hhd I T O A B 7R 3R 1 2 & 44 (biotrophic interfa-
cial complex) 1 4h {7 T 22 Ji5 (extrainvasive hyphal
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membrane) 27 £ 1) [ 7K R 241 B P R SO 5= 1 28R
EE, SRR A A A BUIRA, 06 % S N
(Liu and Zhang, 2022). FEiE 7 7E K FEHE AN A2 KD
AR, DA N T . AR I A BR K FE Rl
X I oA, Fodr DL YRR 97K FE A X 0 55 e

1.2 B

A 2 — ot SR B R0 T, ER RS B A B
[ A% EU% A48 Filf(Xanthomonas  oryzae pv. oryzae,
X00)12 443 3. I3 J5L 38 H AL B AR N IK A
HZN, R4 Wb K8 B I 70 Wb o SR i 4 ZE O
SHOKREE FRs M, A . B AR,
Xoo [ 118 43 3k & 4t (Type Il secretion system,
T3SS) % il BUW b 515 F 40, 5 B0 M %5 D) A ¢
(Shao et al., 2024). 41 IR & HAel% 8T T3SS
BENAE FAUME, Sema g v, PUELBT R N . — M
A KA~ 10%—20%, 1 5 L 2 ok U i
R, BEEARNARNL, RERUNZ, ZWEAR
O SESR

1.3 Ykhds

IKFESURE 9 2 B S A 22 4% 1 (Rhizoctonia solani) 5| i
() —Fh A P B R . L B s 2 7 50
Y KFE: — P2 DL 2T MK LA DAL B
RN B—mimid A EKRE F, ZFEE
AR NET e R 4. Vidhyasekarans(1997) % Hi 37
Wi WER P R P2 A R, RN FER T2
T 2] BRI H R R SR T, KK R A S ™ A
3, EBORHLH R EZAE M . BT LAl 2w R AE
TN AR A, B RIS S BT R
FidE) ShphE, Hofad Higm™E (3 [H4%, 2020).

2 KBRRGEERSG

IKREAE A 5 0 SR T8 1 S S b A ) — B 2RIy
AL, B — R A AR A AR JE R Rk KT AR
1, T RBIERG . KIERIERFAENN] FFEE
gy 9238 PTIZ i 4 i iR 3% 1 i #2208 ) 32 1k
(pattern-recognition receptors, PRRs)iX 5| PAMPs
TR i LRk 5% [ % (Ngou et al., 2022); ETIZ
K SEPUI 3 X (resistance gene, R gene)difid (1R

TLIEARSE: RRESUR LT ST 735

SRR (REE ) TR0 J5 BT 3 FR) 2880 I 2 1 UK 1)
Y% ;2 N (Jones et al., 2024). TEREIEA K K B L FE
W AR, AL, EFHEUR R AR

21 PTI

PTIRAE P 3 Al 08 1) 25 B4 BT 73, 05 L v 1)
BB TR R AR E R R . BERERY, A
T PTUR AL (R 7K A8 40 i 35 1 3% 44 = %2 7) JYRLKs (re-
ceptor-like kinases)fIRLPs (receptor-like proteins)
2Fh2571 (Boutrot and Zipfel, 2017). X35 E HHGH
8173 100 sz 7 L 47 22 288 JEU 0T A VR R A 5 i
PO O R L TR SU(ROS) R A LA 5 13k
2% BHTEKFE S E %€ MPRRs & H A HE A
S 56F A B B G XA A S 0 RS R T T
[JCEBiIP%(Yu et al., 2024).

22 ETI

ETI= A BT Ao, B W R 50 /M Re 4,
ST TR RO S R A ) g SN
R RN T 5 REE AR BEK AR R G2 Fiii AL —Fh
FERE A EHE S MMM AR, M iR
SN,y — Bl RN i 5 5 =07 HAER P45 &
HAEM, HEMERDURIRN . PRt FE A P % 2
A&(NOD-like receptors, NLRs) & 4% B #{EH . NLRs#{
P FE N3 25 ¥ 387] 43 9 325—TNL (TIR-NLR). CNL
(CC-NLR)MIRNL (CCR-NLR), 7£iR# b & 4% 4%
R B T 1/ (Nabi et al., 2024). 7ENLRsHE #%,
V) 22 TR 0 T B RN T S, WO AR R AR AR G R A
(pathogenesis-related protein, PR)FZ:RH RL, 724
Go e BB PIT i BT BCR (WK VIR RATRRN 2 0%),
T 5 EUROS 1 i AN M [ Wk, e 2815 O B L

(hypersensitive response) (Peng et al., 2021).

3 IKIEHRIEENLF

FEADIRAR S J5 1 £ fiE 0 2 B RER 1 41 3 B DU P AT
LD A S R E o 5 R 1 VR A 2 0 SR AR 81
I 3 B K RGO AN, - Bl 0 15 ML i 308 3 Tk A
Yooxs 2 B JE 1 I BUE (Liu et al.,, 2021b). Horr,
RNA2 1 5RNAT-IL 2 A AT BoR g 1
i IR AL O K R B AT B A B L, 3 T3
e KR ) B 0 1 R R ().
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PAMPS: i J5AH2E 7 T2 RLKs: 24K, RLPs: SZ24AZEE A; PTI: i JEAH G A1 R I OB ETI 2R TH#R 1)
Gy I, MAPKs: 22 2L FIE0 R (EEE; CDPKs: 5K HME; NLRs: BITERS &0 S E & & IR E 5 )7 51524k, CNLs:
HAT N 2 2 e 45 I8 NLRs; TNLs: B NG Toll/ A4 R 132 AR 45 IS MINLRs; RNLs: EATN3RPWS-CC4E #4I% INLRS;
RISC: RNAE ST E &14; AGO: JTERHLEIE H

Figure 1 Part of the rice disease resistance regulatory mechanisms

PAMPS: Pathogen-associated molecular patterns; RLKs: Receptor-like kinases; RLPs: Receptor-like proteins; PTI:
PAMP-triggered immunity; ETI: Effector-triggered immunity; MAPKs: Mitogen-activated protein kinases; CDPKs: Cal-
cium-dependent protein kinases; NLRs: Nucleotide-binding site and leucine-rich repeat-containing receptors; CNLs: With
N-terminal coiled-coil domains NLRs; TNLs: With N-terminal Toll/interleukin-1 receptor domains NLRs; RNLs: With N-terminal
RPWB8-like CC domains NLRs; RISC: RNA-induced silencing complex; AGO: Argonaute proteins

3.1 RNAfZESRNATFH RNA{E 1 & — 2 35 UL f 2, S 7E
VAR A T, RNARAY i fe 12 B, TR R gk RNAZ F [P BOAZ B L8 In Ak S A5 1 25 A 1 4 2
HELRBEMEENTE, S 5RREEMEE  BRIE, EEDIRNERE P yHEE 2 A . 5
. BRALZ TSR], RNAK AL ME TR R, N-TLIRIEIERNA (mPA) R (R SO
KRR 2 2 0361 T 4 T A B L HORNASS M 2 —, FUil i 78 B B (NG AL L
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ISR B AEmRNAZE 1, 2mmRNATF2 e M &
#i%5d FL(Shinde et al., 2023). Ren%%(2022)
R IAE 52 R 1R Y KRG, mPAIBHAE 3k KT
BURMEER Bz M, il OB BERNAR — 4
), 5 KRG -3 5 1 AH B AT FH o S e [R] (1 2 ] AT
(]I, AT U 4% 240 e P 2 A U DA S A D B 3R 11
AT AR, KRBTSR . Ak, mTA (N1-FT3E
JREF). m°C (5-FELHumE g ) im'G (7-H1 % ) th 2
HEFIRNAF LB 1287 . RNAZ RS 2L A
IEAERRNAS T FEH 717, e rPac CHIE 92 7E K
KB FBLY R B H R B EAE o LudE(2024) KI5
a5 KB ac C & B NI 5 45 T %15 1453
fir, 58 7 5HBRNARAE EAEH, $#&& 7 IR
AN S FTR & B X mRNAFI B R0CR, 158K g3t
T

RNAT-# 2 HiE H — R B AR = e
fJ/NRNA (small RNA, sSRNA)/ S (13 RGTER, S AE
WIHRH S B B LR AL ARAE AR B BOR IR
Y1 M U5 sSRNAT] 43 A miRNA (micro RNA) f1siRNA
(short interfering RNA)M 2K (1% EHSE, 2024). Kk
FIMIRNALS LT B HL I & HAGOLE & AL T Bk E &
ARISC, 5HEARmRNAR B kb, 3k i 407 i) 5 [N 3
k. SiRNANLEIDNAR A, HEAEM. mRNA
et fAp TR SR A 1) [N RGBT BR . Fan®%:(2020) &% 1L
TEKFEPUR A, mIR160FIMIR164 52 FE 5w # i 5
Fok BN, MImIRI9STERGIEIF W 1= Jei FKIA K%
K, FEBW A R HRIA B AR, R FEAFImIRNA
XFETIE 2 A I P 4 5l o s . BF AR 3R W,
mMiR444 238 it 521 £ 05 A AR K 2145 518 P AH DG K] A
S WRKY s H1F-boxes 55 53¢ [K 1 I e 1 R i 2 /K FF AL
Pt (Feng et al., 2023). Pigm RAIPigm S3: [
RORE R R PUE S 7= B P, X207 S AR
siRNAJE T RNARK i FrIDNAH LAY 3242 301 #Pigm  STE
ek SRR AN AR T P RIE, Wt m e ds
B U (Deng et al., 2017).

3.2 ZERMLE

ZEWRIEE RAEENZ RBNEEE. E2i2 B4 A
E30Z RGN PN S ZIE SN T 5 57 45 & 540
A E AR . 12 Z B AL G T 4
F A K AR (S B PR B R, AR
W G IR 5 RV SRR s P R HEAE . BT, KRB SRR

TLIASSE: RRESUR RN STt 737

HHH6MNE1Z RSB MID AR, 481ME2Z R4 &
Bt LA, 1 5002 ANE3iZ R IE MM EEA, LA
JOSA Rz FAEmIG RN, ez 5EmAEKEE
K AR S AP ian B FE(Yan et al., 2024).

E27Z % 45 & W & vz 2 A AB 1 1) B B4 B 4y
TEE3Z RIEHM 5 IR 4 G i AR R R AR A
FW, 22 R L5 AT LIS SO # AR A ) e e
Bt v 1 2 5 7K 6 s S A2 5 R . o B, Liuss
(2023) K iz & &5 4 i OsUBC1 33 i e i#k /K F )it
Fogw It 1E 8 5 R T-OsSnRKA a1z 24k 18 1 sk sk 55 e
TEE, TR T 7KAE S [N 12 2= 45 A iFOsUBC 26
I8 3 R T KR S I I 4% R OsWRKY45 (1) ik,
H 5 E3Z 3 IE B [F)Z 34k K B AR 1 258 B
HAvrPiz-t, 7E/KFEHUIH I M H & 4% 55 4 F (Liu et
al., 2021a). W7 RM, 2 R4 G HOsUBCA5IE 1%
IKFEPTI, 8T 2 R ROS [ A 2R AH 6 3L [H (1) 3%
15 7T 1 B8 7R o R R T A R PR R B o Ut
HME R I, OsUBCAS5 @ T B Al /K R /K il 1 2 1 N 7E
T AR KFE ) 5% N (Wang et al., 2023).

E3iZ R IEH M & 12 2 A B I i 72 i — B
SR E AL, HERESHEEAEIE. E3Z
REREMT 22 5K R E a2 SR, F
KFw HEA T RRERESRE Tz B a4 40
MRS SR A T2 . E3Z RiEREHELES
PR it J [K] ) 2 1A FI 2T RO S 5 38 % B #2245 7K
FEPTI. i, E3vZ 2 F I AH 5 2 Kl OsFBX 1561 %
IERR RGN P i S E R R AL A R R B, kT
{EHBESE 2. BfE A 358, R0 X 2 AR
BN AT g P (Zhao et al., 2024). Wang%s
(2024) K LK FEE3IZ 2 E #: i OsCIEN iz &= AL 12 1
OsCERK132 &t 1, 8 HE Mg 4], M ik %
eIk B o MUK R A2 B B AR Je BT, 155 OsCIE1
W1k, I B % OsCERKA 32 7k 2 [ 111z R AL 1514,
T JE B e N . 4y E3iZ eI @ i A T
AVrAIREE [ RS R LA B 47093 AF O Tk [R] F) 4 53 DAL 1
%2 5KREETI (84F1%%, 2016). 11, Shi%s(2024)
RIESZ R M IP171E 112 2 A S e 1k 1 5
IPA 1) 7 S5 0T 35 PR, A 338 8 I 0 00 A 0% 5 1A
WRKY45/ %% . Gao%k(2020)#F 5t &I, OsCUL3a
B A B A K RS AH R E TR e i T RE, KRB
OsCUL3a ik [A i 4 98 28 14 41 i I ROS A & /K~ F+
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i1, SAFIJALE 5 I8 B W IW0E, RE 0 i 1 5

ZERAE RN B EA Bz RS T
WEXZZNIES S . 252 RAGHGLE KRR 1 B 4
5 1 EEAEH . Zou%k (2023) Kk Bl %92 & AL
LMM22 5 B f5 i 45 14 35 (SPL35) P&, 1E ASPL35
(SR R T, i SPL35 %3z Ak, 0 AR,
MTTE KRB S S R AR - Liu%s(2023) & 30,
22 Z/LHEOsOTUBA. 11 A il it s K Fg h SA
JATS 5B BRI 58 KRG W Pt 1E R 15 [K - OsSn-
RK a3 MK 42wk fadom v .

3.3 HEYEFEE
VBRSSP AT D, AR RIEED A
KRB kBN EZEZANS T, DR
AUBSFHLE P E B A . ZHG(ET) KFRJA)
MK (SA)FHEMB R 2 S 5 PR i A
MIRED = AS Tl B A R B S D Re R, AH R
Ik, AHESZW, PRI E KR T BB .
ET2—fE WS SHEYEER, S5 FTTHY
AKRE, HASHE S BB KBEIURE RN EA
FHEAEHI(Yang et al., 2015). ETA[/E 9 1E 588 511
TR T S N . MoonZ5(2022) & B Xoo LA
G928 52 R XA 1 T =i 5 /K R e S PR AT L2 [
Xiolf)&Kik, MSAMETHFXiol#ik. Shen%(2011)
W5, OSEDRLW 5 &M LR IR(ACC)HI&
LA S G R T B R IR & BB (ACS) X e ik K (1 3K,
TEHETHIM R, HEMIH SARJAM IR FIL, f#
IKFEXTXOOHIHLIEREAR . WFFLRIA, TERGIEIR B 12 4
KRR AR, PURM BN CH1E 517 SRR H0E,
LI R E R ER S (Yang et al., 2017).
SATEREYIBIH R G h K IEHEEAEH, Rl 2
TR JE A A2 RGP ERUME (R £ 4, 2025).
EZERIEMR GG, MDIEANSARKERR, T
PREEFAKIL, Hok T HEDPURYE. EAKFRE , A
SAJK V-1 e A FH A5 SARS) R g 2 e o JELAA 114
utk, WA FER S E R E . Mohan
Babu%$(2003) FI SAKL B /KFE, KILH N IEIESAKF
W35, JER Ry P A PREE 7K.
WRKY 244 5% K ¥ OsWRKY45 1] 1 SA K HAT A 478
I — ¥ (benzothiadiazole)i#s 5. W5t & B, HEiA
OSWRKY 45%% B PR 7K Fa o0 Fg e B tE g 58 (Im et al.,

2022). Li%%(2022)8F 55 K I, OsSGT 14w SA% % bl
FIL R, B SAR AL NSAG, T #OsTGALL
WO, SR AR

JAZ 5T A KR B )% [N . i R
B, JAME 538 % 5 RNAVTER (S S B 0 7] 2 5 95 48
Mo 78 R AR G K FEJAG 5, SEOL R A
TJAMYBHI R IE A esE YR . JAMYB
54 IR RNATTER E B 1% 0 [ FAGO 1811 5 317,
HET % FAGO18%K L, AGO1871 LL4E 4miR168 LU
il AT AGO I RIME H, M 5RAGO1 A 5 17K
T %% [ S (Wang et al., 2021b). Ma%s(2022)HF 7
T, KRG RIEJAS KA HE K OsAOS2 1]
FRPREEH 1 RIE, HE5RAT RRE R B RPN . BF TR
B, OsLOX10f10sOPR10 M JA & B 12 ) ¢ 4 1,
TH W IE AT K FEJAMISALS Sk, (Lt KRG
(K MREE, 2022; VFFHESE, 2024). Gao%(2022)
% B A8 R AU 3 K| OsPHD L) 58 28 44 %6 Xoo i 3t 14 55
Sy A5, JAFIMeJATE RS A R 0. SR,
1ERAFA R JALS 5B L R R IA T, X AR
Hil AT A T 1B K ARG BE M . Suzukifs (2022)F1E T
MED25. 4k, H rf Iy it i 2k 5% {4 osmed 25 %} Xoo
HA &P, osmed25 718 2 # 7 osmyc2 JE 46 i P4
JAFI S5 .

BrUL B3 E S, HEMWBER, WihHER
(GAs). it & B2 (ABA). ¢ 2= W BE(BR) I A K ZR (IAA)
TELEDI I N R FEEZ/ER . Nahar®:(2013)
TEIKFEHEPUAR A R 25 B 1) 25 B S50 R R I, I GAF
GAA A A0 i) 71) 4 38 7T 43 1) & w5 A1 B A K R 1) B0
Mo BRI, SNEIEINBR A BAMEIF, LLABRELH
B GRAR AR SRR IR Rl s B v 5, HBRAY
SyUR L LB SA S GAIE K SLH(De Vieesschau-
wer et al., 2012). ABAIE N EE D Z, bS5
VIR S . W70 I, ABAGE I 45 S ALIT R
FUmtE(Zhang et al., 2019). IAAGE 2 K Fg 5 R
H . FIAASL2,4-DACEEKFRE, 2 filXoohsE,
S BUKFE B0 (Figueroa-Macias et al., 2021).

4 IkFERmAXEE

4.1 1BER
RIS F RN 4 BROK A AL 7= A B B T, DA AR
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FUE A E . WEFERI, A KRG s R ARSI R B
BRIy 3. FARNGERE G MR- AR
FEF5EA(NBS-LRR)HE K, Pi5. Piz. Piz-t.
Pi2. Pi9. Pi50MIPigmi & T bR iR M . 71K
FINR IR EAR T, HEIERER ARSI 23U 1 998 S A4 3%
¥, FEAROSHR &R, W 22 2L 5 & 0 B e % 5
B ES 5% (Peng et al., 2021). $225 R 4L
AR LR, OSSERK1. OSCERK1. OsPRMT5
MOSBIMK255 NI R PTIm HE K o 25 3B &= I8 7] G
E S HRREMIEA. B, FEdERREpi2li &

YA KREHUR RIS LRI AR 739
FrYE GIRERR, B8 B ma s E N Ak
SERIRAE DR, 5RO SR LE, BU A Owari-
hatamochif#)pi21 X 1 7374721 bp 148 bp ks,
i P JK 2 5 (Fukuoka et al., 2009).

TEKFER R H , BREE3S Y tifh b iR R ILAE
EORPUR IR A, A1 &GOk L3 e 67 B 5w
B[R, 6. 111125 Je ik bog A7 3 10 o &
% . B2 EE, O%e3REmitiERE1402
AN, HA364 T (Sahu et al., 2022), Ko
T M SE R ANBS-LRRZEEE R (1)

FT1 OO RE KRB AR Btk ]
Table 1 Cloned resistance genes to blast in rice
B[R RAPS i A SR TRe SR
Pit 0s01g0149500 NBS-LRR D Z R EE, FHREY Hayashi et al., 2016
Pi64 0s01g0781200 NBS-LRR D Z R EE, R EY Ma et al., 2015
Pish 0s01g0782100 NBS-LRR 2R E, WHEEY Cheng et al., 2024
Pi35 0s01g0782100 NBS-LRR Pish 1 &3 J& [ Fukuoka et al., 2014
Pi37 0s01g0781700 NBS-LRR 2R EE, HAREIEY Lin et al., 2007
Pib 0s02g0818500 NBS-LRR i Z R EE, AR EY Xie et al., 2022
pi21 0Os04g0401000 FHRAREA HMiDE SHEENEA, P M Fukuoka et al., 2009
Pi63/Pikahei-1(t) - NBS-LRR 45 Gt (A0 07 5 DR A 2 RT3 Xu et al., 2014a
Pi50 0s06g0286700 NBS-LRR 65 Yy (O A4 7T s = R 7 4 BT Suetal., 2015
Pi2 0s06g0286700 NBS-LRR 65 Y 0 A4 17T 9 22 R 7R 4 BT 4 Xie et al., 2019
Pi9 0s06g0286700 NBS-LRR 65 Y 0 A4 17T 9 22 DR 7R 4 RRGET 4 Su et al., 2015
Piz-t 0s069g0286700 NBS-LRR P R R A Yu et al., 1991
Pigm 0s06g0286700 NBS-LRR UEEike=q = NEI bW L A i Zhai et al., 2019
Pid3 0s06g0330100 NBS-LRR YR I 0 IS8 8 5 A 50 A 2 PR Zhou et al., 2019
Pi25 0s06g0330100 NBS-LRR WA G748 SR A8 G A 3 R vE Xu et al., 2014b
Pid3-11 Os06g0330100 NBS-LRR R4 5 1 SR R T AR S T R IR T T Inukai et al., 2019
Pid2 Os069g0494100 “ZAEEMME  Jmhdiy) it s 28 g Wang et al., 2015b
Pi36 0s08g0150150 NBS-LRR i Z R EE, AR IEY Liu et al., 2012
Pii 0s09g0327600 NBS-LRR D Z R, R EY Takagi et al., 2013
Pi5 0s09g0327600 NBS-LRR D Pis-1FPI5-28 H, & HAE R J s B Lee et al., 2009
Pi56 0s09g0328951 NBS-LRR D ZRE A, AR EY Liuetal., 2013
Pia 051190225100 NBS-LRR AT SZARE A, WA R Okuyama et al., 2011
PiCO39 0s11g0225300 NBS-LRR 2R EE, HAREIEY Césari et al., 2014
Pbl 0s11g0598500 NBS-LRR i ZREE, AR EY Hayashi et al., 2010
Pik-h 0s11g0639100 NBS-LRR b Pikh-1FIPikh-285 1, A GAE A %M. Zhai et al., 2014
Pi54rh 0s11g0639100 NBS-LRR D ZIREE, MBS S S Das et al., 2012
Pi54/Pi-kh 0Os11g0639100 NBS-LRR miLZiED, HmpEESES Sharma et al., 2010
Pi54of 0s11g0639100 NBS-LRR S ZIRE N, PGS S Devanna et al., 2014
Pb2 0s11g0682400 NBS-LRR 2R EE, HAREIEY Yu et al., 2022
Pi-k 0s11g0689100 NBS-LRR 115 Je i AR B0 Jik R e 4 e Zhai et al., 2011
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Fz1 (&)

Table 1 (continued)

B RAP% iR E A ErSRei SR

Pik-m 0s11g0689100 NBS-LRR 115 e i AR B 22 R e 4 BB Ashikawa et al., 2008

Pik-p 0s11g0689100 NBS-LRR 115 e o AR B 22 R e 4 B Wang et al., 2009

Pike 0Os11g0689100 NBS-LRR 115 Yo 70 s 4 DR 7R 4 BT Chen et al., 2015

Pil 051190689100 NBS-LRR 15 Yo (A 0 s 4 DR 7R 4 BT Hua et al., 2012

Pita 0s1290281300 NBS-LRR A ZARE N, RAEIEY) Bryan et al., 2000

Ptr 0s1290285100 ARMEE & 571 HEM GRG0 EI7Z 2 % FE Zhao et al., 2018
it E A

RAP: /KFEIERIZLIERE TR NBS-LRR: B FBRAE A0 5 -E S 2R EEFHIEA

RAP: Rice Annotation Project; NBS-LRR: Nucleotide-binding site-leucine-rich repeat protein

W2 LB MRRE E R 5 R

Table 2 Cloned resistance genes to bacterial blight in rice

BL IR 44 R RAPS Gt B T B[R Thie 2 3R
Xal 0s04g0622600 NLR& NBS-LRRZFJi%; 5 T4 E - Yoshimura et al., 1998
Xa2 0s04g0622600 NLR% Xa2. Xald. Xa3l(t). Xad5(t)4lEXaliZA 2R, Jietal, 2020
Xal4 0s04g0622600 NLR e 4 TALE S0 B P (5O ik i e P ) HE 4 TALE
Xa3l(t)  Os04g0622600 NLR% A ) (0 2 ¢ FF) S35 1 )
Xad5(t) 0s04g0622600 NLR
xa5 0s05g0107700 H'& G AL A=W e i DAL LAV 5 T lyer and McCouch, 2004
Xa7 0s06g0280200 Executor?d  ZAvrXa7# Sk, BOSBEUR M Chen et al., 2021
Xa27 0s06g0599600 Executork  SZAvrXa27i5 S8k, WE B 1 R M Gu et al., 2005
xal3 0s08g0535200 SWEET WA B T AE KRR AR N I E R A AT Chu et al., 2006
Xal0 0s11g0137600 ExecutorZk  %ZAvrXal10i5 Sk, HFARERFMET: Tian et al., 2014
xadl(t) 0Os11g0508600 SWEET JA 85 TALESR H 45 & I 224 Hutin et al., 2015
Xa21 0s11g0569733 gk bR 2 M B Andaya and Ronald, 2003
Xa23 Os11g0586701 Executor?(  ZAvrXa23ii Sk, BOG@BEEUR M Wang et al., 2015a
Xad7(t) 0Os119g0688832  NLR MIINLREHEH, 20 3 5 RE Xing et al., 2021
Xa3/Xa26 0Os11g0694850 i HIDLRRAZ A, 5 R Cao et al., 2007
Xa4 - i ETES £ ) 4 I B A D Rl Hu et al., 2017
xa25 051290476200 SWEET% M IIMtN3/salivaZ e i A Liu et al., 2011
NLR: B4 G0 mifl S & R E R E 5752 14, RAPHINBS-LRRFI# 1.

NLR: Nucleotide-binding site and leucine-rich repeat-containing receptors; RAP and NBS-LRR are the same as shown in Table 1.
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R LR R i i) R BE E  ARYEPTEHLEE LA
S G i 2 1 S RN 1 PR P 1 2 IR 43 B (B2 /N
BRI £ e, 2022), SBAKENMENLRE H,
Xalz: K4 iNBS-LRRAEE M, @i 7 Sl
X A AR U 298 B IR g A TS R
Xa21 2 %15 LRR-RKE 52 44 8 (0 1 3= 280 b &
A, J8it 5 OsWARKY 64 H 1F i i% 7K 2 B 4 5 [ 1)
sk, WnR/KAEHIPURTE; H3RIERHITSWEET &
H, MR xal3 AR EHUR LR, H Y SW-

EETH [ REWS I 124 B 5 FE /KR8 H K 20 A, T4 88
VRN i T B B B e 3R BE S AT M Xoo B K 26
A I [K] % i Executor 8 1, Xa7 & i o & 21 1) H
RGP RED, SR KRB BUR N, FHLiEXoofZA;
xab A P ) 55 528 Ak DRl 1 2 9 L B 4 gk
FAT, BRI KRE F A v 2 R &
DA, OHE32A BRI AT AR LK, K
P73 A L P PR R B AN 115 Je i dA bR 7
A, XI5 8 A R DU KRR W T
] o 111 O e FE R A AR ST SR R 174N (KR2), 15
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REGUORHE R RBPTRE . Bk R Y, At
RR P& T 2 e ] B MR (5 5 55, 2018).
RN 7K Rl 17028 ik DR R D B8 1 P A B
PENLH B8 W SE R HEA, XKRE s A MR A E

4.3 LR

SN R PLTES 2 B R Pl i SR 2 k. Bt
MIAKTE 43 B S T8 2 N SO Pt L R . o
WRKY #4355 K7 O 127t . #F 78R, WRKY 3
PR i 5 PAMPs 608 8 (1 B B2 5% 18] #2240 B4 F sl
IEMAPK 5 R4l s S A 2 97 481 ) . (Phukan et
al., 2016). £ MWRKY % 5% Kl F T Bl — NS 5% 1)
R, R KREL L. Ak, AEERAE G
Pify 5 PR 1 R AR I SAL JARIGAZE MY R 1 &
B IR 1T ROS T 7 K Wi AR AG SUR o 70

A H AT, HE KR8 BE 2 (https://www.rice-
data.cn/)A A T4 8 e A 1 ORI DL 1 2L K158 .
XL R A TE126 Je ok b, BTN T 3115
et ds o 31 OFFAk 5 LR T8 A 1) SURE s 7t 14 5k B K

®/3 AR AKFRLIR 12 ]

Table 3 Partial resistance genes to sheath blight in rice

TLIEASSE: KRESUREENLHIIT it e 741

Iy SRR R . R AL T I MR SRSV R
(3R3)o X /KAESURG i pL IR R AT 4200 5 T B, Jufi
Brah TR ML BEE 1 RS EAL, oy )e s |
ARSI R S T

5 EIESRE
IR 442K 2 7 T U 22 4, 7R 3R TR KRG A 7 o
KIMEAE. KRS 4 SR AL SE R Lok, At 3 2%
03 R DR o Y S o T 7K R R L 000 25 SR
“wﬁ-z%¢ﬁ%wﬁmﬁga,ﬁﬁﬁzgmﬁ
5o K 7 P D K06 6 2 ) MO B R, T 7E 7
B R HEAT ) W AU B PR N S . KRR
S TR 47 L o ERRTE KRR 50 T 1 Bl oo 28R
FEI 30 8 75 SE R AR 3 TR, E U R AR 24
R B KR it il o e S e B R 1 1 SR8 S R B A
N T 5 B R 2L 20 B R0 ) 095 2 DR 9
SR I I . ST DAY R AL R PR R I 4
A5 7 KRB0 BE IR, 348 T 5 36 AR 7% L T O
FER 224 T WL 2 K T S 0744 K 00 A

FH RAP% SRR Ty he 2% 3k
OsRLCK5 0s01g0114100 S &R H AL B TAE R EEA(ROS)/KF Wang et al., 2021a
OsPALO06 0s02g0627100 % fih= 74 2 R it & i Zhou et al., 2018
OsBON1 050290521300  AFERFR(JA) S/K IR (SAV TiE Yin et al., 2018
OsPhyB Os03g0309200 1416/t 41 2 A vk 14 Yuan et al., 2023
OsACBP5 0s03g0243600  WiEJASSAN T Panthapulakkal Narayanan et al., 2020
OsUMP1 0s0390583700  if#=iFEAE iR 5 B A 4 A Hu et al., 2023
Osoxo4 0s03g0694000  ixJA. WiV5 L (ABA)SSAS 5l Dong et al., 2021
OsGLP3-4 0s03g0693800  if#EJA. ABALSATE 5l Li et al., 2015
RAVL1 Os04g0581400  Z:5ilisk & NG @AM G st R R Ik Yuan et al., 2018
OsWRKY45  0s05g0322900  SAfE S AT KO HF Uji et al., 2019
OsWRKY53  0s05g0343400  IFilfE/KEH=EENEEES Yang et al., 2023a
OsNYC3 0s06g0354700  a/B¥i B /KMEEREE A, WiE e E RS Cao et al., 2022
OsBZR1 0s079g0580500 I DNARE I TFid Yuan et al., 2023
CYP716A16 0Os07g0518100  ii#JALESAS Tl FIROS/K Wang et al., 2022a
OsWRKY30 0s08g0499300 it iEJARL SR A FEAE O 8 B (PR)E: Rl #ik Wang et al., 2022b
0OsGSTU5 0s0990367700 145 e AL B AN A Dt H IOk ads JiR Al i 41 Yang et al., 2023b
KLP 0s1090512800 % i 55 il Wi R T Pk Chu et al., 2021
OSSWEET14 0s11g0508600 iz (A 45 57 v is Kim et al., 2021
OsAFB3 0s11g0515500 s KR 2 g Guo et al., 2021
OsASR2 Os11g0167800 4 GT-1MEAEH o, WG HAACIERFERE  Lietal, 2018
OsTrxm 0s12g0188700  HR&IEHE A EAFHIZROSERR Park et al., 2019
RAP[F# 1. RAP is the same as shown in Table 1.
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B KRR RS U P ) Sy OB vy, I
K, XRNARISRNATH. 2 RACBM AR
YA S KRB GO B AL BIREAT 1R ERE L. SR Al
PR AR A S 5 AN A R R AR 2 AT A7 AE KA
kPRI AN, U BUVE R S R R A
KRB TR T LF- 8058 4RI ™ BBk, 3T
PUR DR A7« 55 5 2 DR AR B RN 2 U 7 v )
L%z (L et al,, 2019). ik, WA RKFEGUH
(17T IR 2%, HE— DN KR S8 R G 5 S BE T
fEdT, A B THERE AR PUR B A, ITREUR A R
S DRI N i BE 22

& sk A RA

IO A M ISR IRNT: SCRRISCSR B B F
TR, BUERBE: $R oW S B, R, 5K
By, BIEERE, WA 250 B RER:
FIRHE 5B

SE

Andaya CB, Ronald PC (2003). A catalytically impaired
mutant of the rice Xa21 receptor kinase confers partial
resistance to Xanthomonas oryzae pv. oryzae. Physiol
Mol Plant Pathol 62, 203-208.

Ashikawa |, Hayashi N, Yamane H, Kanamori H, Wu JZ,
Matsumoto T, Ono K, Yano M (2008). Two adjacent
nucleotide-binding site-leucine-rich repeat class genes
are required to confer Pikm-specific rice blast resistance.
Genetics 180, 2267-2276.

Boutrot F, Zipfel C (2017). Function, discovery, and ex-
ploitation of plant pattern recognition receptors for broad-
spectrum disease resistance. Annu Rev Phytopathol 55,
257-286.

Bryan GT, Wu KS, Farrall L, Jia YL, Hershey HP, Mc-
Adams SA, Faulk KN, Donaldson GK, Tarchini R, Va-
lent B (2000). A single amino acid difference distin-
guishes resistant and susceptible alleles of the rice blast
resistance gene Pi-ta. Plant Cell 12, 2033-2046.

Cao WL, Zhang HM, Zhou Y, Zhao JH, Lu SB, Wang XQ,
Chen XJ, Yuan LM, Guan HY, Wang GD, Shen WX, De
Vleesschauwer D, Li ZQ, Shi XP, Gu JF, Guo M, Feng
ZM, Chen ZX, Zhang YF, Pan XB, Liu WD, Liang GH,
Yan CJ, Hu KM, Liu QQ, Zuo SM (2022). Suppressing
chlorophyll degradation by silencing OsNYC3 improves
rice resistance to Rhizoctonia solani, the causal agent of

sheath blight. Plant Biotechnol J 20, 335-349.

Cao YL, Duan L, Li HJ, Sun XL, Zhao Y, Xu CG, Li XH,
Wang SP (2007). Functional analysis of Xa3/Xa26 family
members in rice resistance to Xanthomonas oryzae pv.
oryzae. Theor Appl Genet 115, 887-895.

Césari S, Kanzaki H, Fujiwara T, Bernoux M, Chalvon V,
Kawano Y, Shimamoto K, Dodds P, Terauchi R, Kroj T
(2014). The NB-LRR proteins RGA4 and RGAS5 interact
functionally and physically to confer disease resistance.
EMBO J 33, 1941-1959.

Chen J, Peng P, Tian JS, He YG, Zhang LP, Liu ZX, Yin
DD, Zhang ZH (2015). Pike, a rice blast resistance allele
consisting of two adjacent NBS-LRR genes, was identified
as a novel allele at the Pik locus. Mol Breed 35, 117.

Chen XF, Liu PC, Mei L, He XL, Chen L, Liu H, Shen SR,
Ji ZD, Zheng XX, Zhang YC, Gao ZY, Zeng DL, Qian Q,
Ma BJ (2021). Xa7, a new executor R gene that confers
durable and broad-spectrum resistance to bacterial blight
disease in rice. Plant Commun 2, 100143.

Cheng XY, Zhou GH, Chen W, Tan L, Long QS, Cui FS,
Tan L, Zou GX, Tan Y (2024). Current status of molecular
rice breeding for durable and broad-spectrum resistance
to major diseases and insect pests. Theor Appl Genet
137, 219.

Chu J, Xu H, Dong H, Xuan YH (2021). Loose plant archi-
tecture 1-interacting kinesin-like protein KLP promotes
rice resistance to sheath blight disease. Rice (NY) 14, 60.

Chu ZH, Yuan M, Yao JL, Ge XJ, Yuan B, Xu CG, Li XH,
Fu BY, Li ZK, Bennetzen JL, Zhang QF, Wang SP
(2006). Promoter mutations of an essential gene for pollen
development result in disease resistance in rice. Genes Dev
20, 1250-1255.

Das A, Soubam D, Singh PK, Thakur S, Singh NK,
Sharma TR (2012). A novel blast resistance gene, Pi54rh
cloned from wild species of rice, Oryza rhizomatis confers
broad spectrum resistance to Magnaporthe oryzae. Funct
Integr Genom 12, 215-228.

De Vieesschauwer D, Van Buyten E, Satoh K, Balidion J,
Mauleon R, Choi IR, Vera-Cruz C, Kikuchi S, Hofte M
(2012). Brassinosteroids antagonize gibberellin- and sa-
licylate-mediated root immunity in rice. Plant Physiol 158,
1833-1846.

Deng YW, Zhai KR, Xie Z, Yang DY, Zhu XD, Liu JZ,
Wang X, Qin P, Yang YZ, Zhang GM, Li Q, Zhang JF,
Wu SQ, Milazzo J, Mao BZ, Wang ET, Xie HA, Tharreau
D, He ZH (2017). Epigenetic regulation of antagonistic
receptors confers rice blast resistance with yield balance.
Science 355, 962—-965.

Devanna NB, Vijayan J, Sharma TR (2014). The blast
resistance gene Pi54 of cloned from Oryza officinalis in-

© 0000 Chinese Bulletin of Botany



teracts with Avr-Pi54 through its novel non-LRR domains.
PLoS One 9, 104840.

Dong JF, Zhou L, Feng AQ, Zhang SH, Fu H, Chen L,
Zhao JL, Yang TF, Yang W, Ma YM, Wang J, Zhu XY,
Liu Q, Liu B (2021). The OsOX02, OsOX0O3 and Os-
OXO4 positively regulate panicle blast resistance in rice.
Rice (NY) 14, 51.

Fan J, Quan WL, Li GB, Hu XH, Wang Q, Wang H, Li XP,
Luo XT, Feng Q, Hu ZJ, Feng H, Pu M, Zhao JQ, Huang
YY, Li Y, Zhang Y, Wang WM (2020). circRNAs are in-
volved in the rice-Magnaporthe oryzae interaction. Plant
Physiol 182, 272-286.

Feng T, Zhang ZY, Gao P, Feng ZM, Zuo SM, Ouyang SQ
(2023). Suppression of rice Osa-miR444.2 improves the
resistance to sheath blight in rice mediating through the
phytohormone pathway. Int J Mol Sci 24, 3653.

Figueroa-Macias JP, Garcia YC, Nuiez M, Diaz K, Olea
AF, Espinoza L (2021). Plant growth-defense trade-offs:
molecular processes leading to physiological changes. Int
J Mol Sci 22, 693.

Fukuoka S, Saka N, Koga H, Ono K, Shimizu T, Ebana K,
Hayashi N, Takahashi A, Hirochika H, Okuno K, Yano
M (2009). Loss of function of a proline-containing protein
confers durable disease resistance in rice. Science 325,
998-1001.

Fukuoka S, Yamamoto Sl, Mizobuchi R, Yamanouchi U,
Ono K, Kitazawa N, Yasuda N, Fujita Y, Nguyen TTT,
Koizumi S, Sugimoto K, Matsumoto T, Yano M (2014).
Multiple functional polymorphisms in a single disease re-
sistance gene in rice enhance durable resistance to blast.
Sci Rep 4, 4550.

Gao Y, Xiang XJ, Zhang YX, Cao YR, Wang BF, Zhang Y,
Wang C, Jiang M, Duan WJ, Chen DB, Zhan XD, Cheng
SH, Liu QE, Cao LY (2022). Disruption of OsPHD1, en-
coding a UDP-glucose epimerase, causes JA accumula-
tion and enhanced bacterial blight resistance in rice. Int J
Mol Sci 23, 751.

Gao ZQ, Liu QE, Zhang YX, Chen DB, Zhan XD, Deng
CW, Cheng SH, Cao LY (2020). OsCUL3a-associated
molecular switches have functions in cell metabolism, cell
death, and disease resistance. J Agric Food Chem 68,
5471-5482.

Gu KY, Yang B, Tian DS, Wu LF, Wang DJ, Sreekala C,
Yang F, Chu ZQ, Wang GL, White FF, Yin ZC (2005). R
gene expression induced by a type-lll effector triggers
disease resistance in rice. Nature 435, 1122-1125.

Guo F, Huang YZ, Qi PP, Lian GW, Hu XM, Han N, Wang
JH, Zhu MY, Qian Q, Bian HW (2021). Functional analy-
sis of auxin receptor OsTIR1/OsAFB family members in
rice grain yield, tillering, plant height, root system, germi-

TLE AR KREHUR AR FC kR 743

nation, and auxinic herbicide resistance. New Phytol 229,
2676-2692.

Hayashi K, Fujita Y, Ashizawa T, Suzuki F, Nagamura Y,
Hayano-Saito Y (2016). Serotonin attenuates biotic st-
ress and leads to lesion browning caused by a hypersen-
sitive response to Magnaporthe oryzae penetration in rice.
Plant J 85, 46-56.

Hayashi N, Inoue H, Kato T, Funao T, Shirota M, Shimizu
T, Kanamori H, Yamane H, Hayano-Saito Y, Matsu-
moto T, Yano M, Takatsuji H (2010). Durable panicle
blast-resistance gene Pbl encodes an atypical CC-NBS-
LRR protein and was generated by acquiring a promoter
through local genome duplication. Plant J 64, 498-510.

He M, Yin JJ, Feng ZM, Zhu XB, Zhao JH, Zuo SM, Chen
XW (2020). Methods for evaluation of rice resistance to
blast and sheath blight diseases. Chin Bull Bot 55, 577—
587. (in Chinese)

B, FRA, BEH, kTR, BEE, L, BEH
(2020). JKFEREIRIA PSR R BUIE 48 8 Tk, 1Y+ 3 55,
577-587.

Hu KM, Cao JB, Zhang J, Xia F, Ke YG, Zhang HT, Xie
WY, Liu HB, Cui Y, Cao YL, Sun XL, Xiao JH, Li XH,
Zhang QL, Wang SP (2017). Improvement of multiple
agronomic traits by a disease resistance gene via cell wall
reinforcement. Nat Plants 3, 17009.

Hu XH, Shen S, Wu JL, Liu J, Wang H, He JX, Yao ZL, Bai
YF, Zhang X, Zhu Y, Li GB, Zhao JH, You XM, Xu J, Ji
YP, Li DQ, Pu M, Zhao ZX, Zhou SX, Zhang JW, Huang
YY, Li Y, Ning YS, Lu YL, Huang F, Wang WM, Fan J
(2023). A natural allele of proteasome maturation factor
improves rice resistance to multiple pathogens. Nat Plants
9, 228-237.

Hua LX, Wu JZ, Chen CX, Wu WH, He XY, Lin F, Wang L,
Ashikawa I, Matsumoto T, Wang L, Pan QH (2012). The
isolation of Pil, an allele at the Pik locus which confers
broad spectrum resistance to rice blast. Theor Appl Genet
125, 1047-1055.

Hutin M, Sabot F, Ghesquiére A, Koebnik R, Szurek B
(2015). A knowledge-based molecular screen uncovers a
broad-spectrum OsSSWEET14 resistance allele to bac-
terial blight from wild rice. Plant J 84, 694—703.

Im JH, Choi C, Park SR, Hwang DJ (2022). The OsWRKY6
transcriptional cascade functions in basal defense and
Xal-mediated defense of rice against Xanthomonas ory-
zae pv. oryzae. Planta 255, 47.

Inukai T, Nagashima S, Kato M (2019). Pid3-11 is a race-
specific partial-resistance allele at the Pid3 blast resis-
tance locus in rice. Theor Appl Genet 132, 395-404.

lyer AS, McCouch SR (2004). The rice bacterial blight re-

© 0000 Chinese Bulletin of Botany



744 HiYAR 60(5) 2025

sistance gene xa5 encodes a novel form of disease re-
sistance. Mol Plant Microbe Interact 17, 1348-1354.

Ji CH, Ji ZY, Liu B, Cheng H, Liu H, Liu SZ, Yang B, Chen
GY (2020). Xal allelic R genes activate rice blight resis-
tance suppressed by interfering TAL effectors. Plant
Commun 1, 100087.

Jiao L, Fu SF, Zhang YL, Lu J (2016). U-box E3 ubiquitin
ligases regulate stress tolerance and growth of plants.
Chin Bull Bot 51, 724-735. (in Chinese)

B, AT, SKRAENE, YT (2016). U-boxiZ 2 3% By i
BHEATIWAAEKKE. Mm% 51, 724-735.

Jones JDG, Staskawicz BJ, Dangl JL (2024). The plant
immune system: from discovery to deployment. Cell 187,
2095-2116.

Kim P, Xue CY, Song HD, Gao Y, Feng L, Li YH, Xuan YH
(2021). Tissue-specific activation of DOF11 promotes rice
resistance to sheath blight disease and increases grain
weight via activation of SWEET14. Plant Biotechnol J 19,
409-411.

Lee SK, Song MY, Seo YS, Kim HK, Ko S, Cao PJ, Suh
JP, Yi G, Roh JH, Lee S, An G, Hahn TR, Wang GL,
Ronald P, Jeon JS (2009). Rice Pi5-mediated resistance
to Magnaporthe oryzae requires the presence of two coi-
led-coil-nucleotide-binding-leucine-rich repeat genes. Gene-
tics 181, 1627-1638.

Li DY, Zhou J, Zheng C, Zheng ES, Liang WF, Tan XJ, Xu
RM, Yan CQ, Yang Y, Yi KK, Liu XL, Chen JP, Wang
XM (2022). OsTGAL1 suppresses the resistance of rice to
bacterial blight disease by regulating the expression of
salicylic acid glucosyltransferase OsSGT1. Plant Cell En-
viron 45, 1584-1602.

Li N, Wei ST, Chen J, Yang FF, Kong LG, Chen CX, Ding
XH, Chu ZH (2018). OsASR2 regulates the expression of
a defence-related gene, Os2H16, by targeting the GT-1
cis-element. Plant Biotechnol J 16, 771-783.

Li WT, Chern M, Yin JJ, Wang J, Chen XW (2019). Recent
advances in broad-spectrum resistance to the rice blast
disease. Curr Opin Plant Biol 50, 114—120.

Li XC, Liao YY, Leung DWM, Wang HY, Chen BL, Peng
XX, Liu EE (2015). Divergent biochemical and enzymatic
properties of oxalate oxidase isoforms encoded by four
similar genes in rice. Phytochemistry 118, 216-223.

Lin F, Chen S, Que ZQ, Wang L, Liu XQ, Pan QH (2007).
The blast resistance gene Pi37 encodes a nucleotide
binding site-leucine-rich repeat protein and is a member
of a resistance gene cluster on rice chromosome 1. Ge-
netics 177, 1871-1880.

Liu JP, Nie B, Yu BL, Xu FY, Zhang Q, Wang Y, Xu WF
(2023). Rice ubiquitin-conjugating enzyme OsUbc13 nega-

tively regulates immunity against pathogens by enhancing
the activity of OsSnRK1a. Plant Biotechnol J 21,
1590-1610.

Liu QS, Yuan M, Zhou Y, Li XH, Xiao JH, Wang SP (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 X, Song LL, Zhang H, Lin YJ, Shen XL, Guo JY, Su
ML, Shi GS, Wang ZH, Lu GD (2021a). Rice ubiqui-
tin-conjugating enzyme OsUBC26 is essential for immunity
to the blast fungus Magnaporthe oryzae. Mol Plant Pathol
22, 1613-1623.

Liu XQ, Zhang D, Zhang XM, Wang CT, Liu XQ, Tan YP,
Wu YH (2012). Study on the interaction between methyl
jasmonate and the coiled-coil domain of rice blast resis-
tance protein Pi36 by spectroscopic methods. Spec-
trochim Acta A Mol Biomol Spectrosc 88, 72—-76.

Liu XY, Zhang ZG (2022). A double-edged sword: reactive
oxygen species (ROS) during the rice blast fungus and
host interaction. FEBS J 289, 5505-5515.

Liu Y, Liu B, Zhu XY, Yang JY, Bordeos A, Wang GL,
Leach JE, Leung H (2013). Fine-mapping and molecular
marker development for Pi56(t), a NBS-LRR gene confer-
ring broad-spectrum resistance to Magnaporthe oryzae in
rice. Theor Appl Genet 126, 985-998.

Liu ZQ, Zhu YJ, Shi HB, Qiu JH, Ding XH, Kou YJ (2021b).
Recent progress in rice broad-spectrum disease resis-
tance. Int J Mol Sci 22, 11658.

Lu X, He Y, Guo JQ, Wang Y, Yan Q, Xiong Q, Shi H, Hou
QQ, Yin JJ, An YB, Chen YD, Yang CS, Mao Y, Zhu XB,
Tang YY, Liu JL, Bi Y, Song L, Wang L, Yang YH, He
M, Li WT, Chen XW, Wang J (2024). Dynamics of epi-
transcriptomes uncover translational reprogramming di-
rected by ac4C in rice during pathogen infection. Nat
Plants 10, 1548—1561.

Lu Y, Tsuda K (2021). Intimate association of PRR- and
NLR-mediated signaling in plant immunity. Mol Plant Mi-
crobe Interact 34, 3—-14.

Ma J, Lei CL, Xu XT, Hao K, Wang JL, Cheng ZJ, Ma XD,
Ma J, Zhou KN, Zhang X, Guo XP, Wu FQ, Lin QB,
Wang CM, Zhai HQ, Wang HY, Wan JM (2015). Pi64,
encoding a novel CC-NBS-LRR protein, confers resis-
tance to leaf and neck blast in rice. Mol Plant Microbe In-
teract 28, 558—-568.

Ma JN, Morel JB, Riemann M, Nick P (2022). Jasmonic
acid contributes to rice resistance against Magnaporthe
oryzae. BMC Plant Biol 22, 601.

Ma L, Fang Y, Xiao SQ, Zhou C, Jin ZL, Ye WL, Rao YC
(2018). QTL exploration of bacterial leaf streak and their
gene expression in rice. Chin Bull Bot 53, 468—476. (in

© 0000 Chinese Bulletin of Botany



Chinese)

O, HE, HRIE, A4, &8®, HEEW, REF
(2018). /KFELBERBUIEQTLAIIZAE KA SR R ik, 1
=4k 53, 468-476.

Mohan Babu R, Sajeena A, Vijaya Samundeeswari A,
Sreedhar A, Vidhyasekaran P, Seetharaman K, Reddy
MS (2003). Induction of systemic resistance to Xantho-
monas oryzae pv. oryzae by salicylic acid in Oryza sativa
(L.). J Plant Dis Prot 110, 419-431.

Moon H, Jeong AR, Kwon OK, Park CJ (2022). Oryza-
specific orphan protein triggers enhanced resistance to
Xanthomonas oryzae pv. oryzae in rice. Front Plant Sci 13,
859375.

Nabi Z, Manzoor S, Nabi SU, Wani TA, Gulzar H, Farooq
M, Arya VM, Baloch FS, Viadulescu C, Popescu SM,
Mansoor S (2024). Pattern-triggered immunity and ef-
fector-triggered immunity: crosstalk and cooperation of
PRR and NLR-mediated plant defense pathways during
host-pathogen interactions. Physiol Mol Biol Plants 30,
587-604.

Nahar K, Kyndt T, Hause B, Hofte M, Gheysen G (2013).
Brassinosteroids suppress rice defense against root-knot
nematodes through antagonism with the jasmonate path-
way. Mol Plant Microbe Interact 26, 106—115.

Ngou BPM, Jones JDG, Ding PT (2022). Plant immune
networks. Trends Plant Sci 27, 255-273.

Okuyama Y, Kanzaki H, Abe A, Yoshida K, Tamiru M,
Saitoh H, Fujibe T, Matsumura H, Shenton M, Galam
DC, Undan J, Ito A, Sone T, Terauchi R (2011). A mul-
tifaceted genomics approach allows the isolation of the
rice Pia-blast resistance gene consisting of two adjacent
NBS-LRR protein genes. Plant J 66, 467—-479.

Panthapulakkal Narayanan S, Lung SC, Liao P, Lo C,
Chye ML (2020). The overexpression of OsACBP5 pro-
tects transgenic rice against necrotrophic, hemibiotrophic
and biotrophic pathogens. Sci Rep 10, 14918.

Park SC, Kim IR, Kim JY, Lee Y, Yoo SH, Jung JH,
Cheong GW, Lee SY, Jang MK, Lee JR (2019). Func-
tional characterization of a rice thioredoxin protein Os-
Trxm and its cysteine mutant variant with antifungal
activity. Antioxidants (Basel) 8, 598.

Peng XQ, Wang ML (2022). Research advances on resis-
tance genes to bacterial blight disease in rice. Plant Phy-
siol J 58, 472—482. (in Chinese)

WANEE, TR (2022). FKAG IRl BT 5 BRI A R
YR 23R 58, 472-482.

Peng YJ, Yang JF, Li X, Zhang YL (2021). Salicylic acid:
biosynthesis and signaling. Annu Rev Plant Biol 72, 761—
791.

TLE AR KR U R FCE R 745

Phukan UJ, Jeena GS, Shukla RK (2016). WRKY tran-
scription factors: molecular regulation and stress respon-
ses in plants. Front Plant Sci 7, 760.

Rao YC, Luo YL, Ye YH, Xu JM (2025). Research progress
on hormones and regulation of rice leaf senescence. J.
Zhejiang Normal Univ (Nat Sci) 48, 1-11. (in Chinese)
wESR, TIRH, HIE®R, RILR (2025). BHES5/KEMH
HEEZ AW TR, WL K S 23R (1 R R
48, 1-11.

Rao YC, Wu RC, Liu FY, Dai RH (2024). On research
progress of RNAI application in prevention and control of
rice pests and diseases. J Zhejiang Normal Univ (Nat Sci)
47, 361-369. (in Chinese)

REF, RHM, XNEZE, BAEE (2024). RNAIfEKFEI
R e DA R S i S AN [ e N =5 = Ry =
hix) 47, 361-369.

Ren ZY, Tang BZ, Xing JJ, Liu CY, Cai X, Hendy A, Ka-
mran M, Liu H, Zheng L, Huang JB, Chen XL (2022).
MTA1-mediated RNA m°A modification regulates auto-
phagy and is required for infection of the rice blast fungus.
New Phytol 235, 247-262.

Sahu PK, Sao R, Choudhary DK, Thada A, Kumar V,
Mondal S, Das BK, Jankuloski L, Sharma D (2022).
Advancement in the breeding, biotechnological and ge-
nomic tools towards development of durable genetic re-
sistance against the rice blast disease. Plants 11, 2386.

Shao J, Zhang ZJ, Shi Y, Jiang WQ, Siddique F, Chen LY,
Liu GY, Zhu JK, Luo XF, Liu YQ, An JX, Yang CJ, Cui
ZN (2024). Application and mechanism of cryptolepine
and neocryptolepine derivatives as T3SS inhibitors for
control of bacterial leaf blight on rice. J Agric Food Chem
72, 6988-6997.

Sharma TR, Rai AK, Gupta SK, Singh NK (2010).
Broad-spectrum blast resistance gene Pi-k" cloned from
rice line tetep designated as Pi54. J Plant Biochem Bio-
technol 19, 87-89.

Shen XL, Liu HB, Yuan B, Li XH, Xu CG, Wang SP (2011).
OsEDR1 negatively regulates rice bacterial resistance via
activation of ethylene biosynthesis. Plant Cell Environ 34,
179-191.

Shi H, Yin JJ, Zhao ZJ, Yu H, Yi H, Xu L, Tong HM, He M,
Zhu XB, Lu X, Xiong Q, Li WT, Tang YY, Hou QQ, Song
L, Wang L, Chen XQ, Sun CH, Li T, Fan J, Li Y, Qin P,
Wang WM, Li SG, Chen XW, Li JY, Wang J (2024).
Fine-tuning of IPA1 transactivation activity by E3 ligase
IPI7-mediated non-proteolytic K29-ubiquitination during Ma-
gnaporthe oryzae infection. Nat Commun 15, 7608.

Shinde H, Dudhate A, Kadam US, Hong JC (2023). RNA
methylation in plants: an overview. Front Plant Sci 14,

© 0000 Chinese Bulletin of Botany



746 ¥R 60(5) 2025

1132959.

Su J, Wang WJ, Han JL, Chen S, Wang CY, Zeng LX,
Feng AQ, Yang JY, Zhou B, Zhu XY (2015). Functional
divergence of duplicated genes results in a novel blast
resistance gene Pi50 at the Pi2/9 locus. Theor Appl Genet
128, 2213-2225.

Suzuki G, Fukuda M, Lucob-Agustin N, Inukai Y, Gomi K
(2022). The mutation of rice MEDIATOR25, OsMED25,
induces rice bacterial blight resistance through altering
jasmonate- and auxin-signaling. Plants (Basel) 11, 1601.

Takagi H, Uemura A, Yaegashi H, Tamiru M, Abe A, Mit-
suoka C, Utsushi H, Natsume S, Kanzaki H, Ma-
tsumura H, Saitoh H, Yoshida K, Cano LM, Kamoun S,
Terauchi R (2013). MutMap-Gap: whole-genome rese-
quencing of mutant F2 progeny bulk combined with de
novo assembly of gap regions identifies the rice blast re-
sistance gene Pii. New Phytol 200, 276-283.

Tian DS, Wang JX, Zeng X, Gu KY, Qiu CX, Yang XB,
Zhou ZY, Goh M, Luo YC, Murata-Hori M, White FF,
Yin ZC (2014). The rice TAL effector-dependent resis-
tance protein XA10 triggers cell death and calcium deple-
tion in the endoplasmic reticulum. Plant Cell 26, 497— 515.

Uji Y, Kashihara K, Kiyama H, Mochizuki S, Akimitsu K,
Gomi K (2019). Jasmonic acid-induced VQ-motif-con-
taining protein OsVQ13 influences the OsWRKY45 sig-
naling pathway and grain size by associating with Os-
MPK® in rice. Int J Mol Sci 20, 2917.

Vidhyasekaran P, Ponmalar TR, Samiyappan R, Vela-
zhahan R, Vimala R, Ramanathan A, Paranidharan V,
Muthukrishnan S (1997). Host-specific toxin production
by Rhizoctonia solani, the rice sheath blight pathogen.
Phytopathology 87, 1258—1263.

Wang AJ, Ma L, Shu XY, Jiang YQ, Liang J, Zheng AP
(2022a). Rice (Oryza sativa L.) cytochrome P450 protein
716A subfamily CYP716A16 regulates disease resis-
tance. BMC Genomics 23, 343.

Wang AJ, Shu XY, Jing X, Jiao CZ, Chen L, Zhang JF, Ma
L, Jiang YQ, Yamamoto N, Li SC, Deng QM, Wang SQ,
Zhu J, Liang YY, Zou T, Liu HN, Wang LX, Huang YB,
Li P, Zheng AP (2021a). Identification of rice (Oryza sa-
tiva L.) genes involved in sheath blight resistance via a
genome-wide association study. Plant Biotechnol J 19,
1553-1566.

Wang CL, Zhang XP, Fan YL, Gao Y, Zhu QL, Zheng CK,
Qin TF, Li YQ, Che JY, Zhang MW, Yang B, Liu YG,
Zhao KJ (2015a). XA23 is an executor R protein and
confers broad-spectrum disease resistance in rice. Mol
Plant 8, 290-302.

Wang G, Chen X, Yu CZ, Shi XB, Lan WX, Gao CF, Yang

J, Dai HL, Zhang XW, Zhang HL, Zhao BY, Xie Q, Yu N,
He ZH, Zhang Y, Wang ET (2024). Release of a ubiquitin
brake activates OsCERK1-triggered immunity in rice. Na-
ture 629, 1158—1164.

Wang H, Li Y, Chern M, Zhu Y, Zhang LL, Lu JH, Li XP,
Dang WQ, Ma XC, Yang ZR, Yao SZ, Zhao ZX, Fan J,
Huang YY, Zhang JW, Pu M, Wang J, He M, Li WT,
Chen XW, Wu XJ, Li SG, Li P, Li Y, Ronald PC, Wang
WM (2021b). Suppression of rice miR168 improves yield,
flowering time and immunity. Nat Plants 7, 129-136.

Wang J, Qu BY, Dou SJ, Li LY, Yin DD, Pang ZQ, Zhou
ZZ, Tian MM, Liu GZ, Xie Q, Tang DZ, Chen XW, Zhu
LH (2015b). The E3 ligase OsPUB15 interacts with the
receptor-like kinase PID2 and regulates plant cell death
and innate immunity. BMC Plant Biol 15, 49.

Wang L, Xu XK, Lin F, Pan QH (2009). Characterization of
rice blast resistance genes in the Pik cluster and fine
mapping of the Pik-p locus. Phytopathology 99, 900-905.

Wang LH, Chen J, Zhao YQ, Wang SP, Yuan M (2022b).
OsMAPKG6 phosphorylates a zinc finger protein OsLIC to
promote downstream OsWRKY30 for rice resistance to
bacterial blight and leaf streak. J Integr Plant Biol 64,
1116-1130.

Wang Y, Yue JL, Yang N, Zheng C, Zheng YN, Wu X,
Yang J, Zhang HW, Liu LJ, Ning YS, Bhadauria V,
Zhao WS, Xie Q, Peng YL, Chen Q (2023). An ERAD-
related ubiquitin-conjugating enzyme boosts broad-spec-
trum disease resistance and yield in rice. Nat Food 4,
774-787.

Xie YJ, Wang YP, Yu XZ, Lin YL, Zhu YS, Chen JW, Xie
HG, Zhang QQ, Wang LN, Wei YD, Xiao YJ, Cai QH,
Zheng YM, Wang M, Xie HA, Zhang JF (2022). SH3P2,
an SH3 domain-containing protein that interacts with both
Pib and AvrPib, suppresses effector-triggered, Pib-media-
ted immunity in rice. Mol Plant 15, 1931-1946.

Xie Z, Yan BX, Shou JY, Tang J, Wang X, Zhai KR, Liu
JY, Li Q, Luo MZ, Deng YW, He ZH (2019). A nucleo-
tide-binding site-leucine-rich repeat receptor pair confers
broad-spectrum disease resistance through physical as-
sociation in rice. Philos Trans Royal Soc B Biol Sci 374,
20180308.

Xing JX, Zhang DY, Yin FY, Zhong QF, Wang B, Xiao SQ,
Ke X, Wang LX, Zhang Y, Zhao CM, Lu YD, Chen L,
Cheng ZQ, Chen LJ (2021). Identification and fine-
mapping of a new bacterial blight resistance gene,
Xad7(t), in G252, an introgression line of Yuanjiang com-
mon wild rice (Oryza rufipogon). Plant Dis 105, 4106—
4112.

Xu DJ, Lin QX, Li ZK, Zhuang XQ, Ling Y, Lai ML, Chen

© 0000 Chinese Bulletin of Botany



XT, Lu GD (2024). OsOPR10 positively regulates rice
blast and bacterial blight resistance. Chin J Rice Sci 38,
364-374. (in Chinese)

WIS, IR, ZIER, E/ME, BFE, BER, HRE,
BHER (2024). OsOPR10IE i #4 /K Fe X R 55 A1 A9
fpett. B EKFER: 38, 364-374.

Xu X, Hayashi N, Wang CT, Fukuoka S, Kawasaki S,
Takatsuji H, Jiang CJ (2014a). Rice blast resistance
gene Pikahei-1(t), a member of a resistance gene cluster
on chromosome 4, encodes a nucleotide-binding site and
leucine-rich repeat protein. Mol Breed 34, 691-700.

Xu X, Lv QM, Shang JJ, Pang ZQ, Zhou ZZ, Wang J,
Jiang GH, Tao Y, Xu Q, Li XB, Zhao XF, Li SG, Xu JC,
Zhu LH (2014b). Excavation of Pid3 orthologs with diffe-
rential resistance spectra to Magnaporthe oryzae in rice
resource. PLoS One 9, 93275.

Yan YQ, Wang H, Bi Y, Song FM (2024). Rice E3 ubiquitin
ligases: from key modulators of host immunity to potential
breeding applications. Plant Commun 5, 101128.

Yang C, Li W, Cao JD, Meng FW, Yu YQ, Huang JK, Jiang
L, Liu MX, Zhang ZG, Chen XW, Miyamoto K, Yamane
H, Zhang JS, Chen SY, Liu J (2017). Activation of ethy-
lene signaling pathways enhances disease resistance by
regulating ROS and phytoalexin production in rice. Plant J
89, 338-353.

Yang S, Fu YW, Zhang Y, Yuan DP, Li S, Kumar V, Mei Q,
Xuan YH (2023a). Rhizoctonia solani transcriptional ac-
tivator interacts with rice WRKY53 and grassy tiller 1 to
activate SWEET transporters for nutrition. J Adv Res 50,
1-12.

Yang Y, LiJ, LiH, Ding Y, Wu W, Qin R, Ni J, Xu R, Wei P,
Yang J (2023b). OsGSTU5 and OsGSTU37 encoding
glutathione reductases are required for cadmium toleran-
ce in rice. Int J Environ Sci Technol 20, 10253-10260.

Yang Y, Zhou YH, Sun J, Liang WF, Chen XY, Wang XM,
Zhou J, Yu CL, Wang JM, Wu SL, Yao XM, Zhou YJ,
Zhu J, Yan CQ, Zheng BS, Chen JP (2022). Research
progress on cloning and function of Xa genes against rice
bacterial blight. Front Plant Sci 13, 847199.

Yang YX, Ahammed GJ, Wu CJ, Fan SY, Zhou YH (2015).
Crosstalk among jasmonate, salicylate and ethylene sig-
naling pathways in plant disease and immune responses.
Curr Protein Pept Sci 16, 450—461.

Yin X, Zou BH, Hong XX, Gao MJ, Yang WB, Zhong XB,
He Y, Kuai P, Lou YG, Huang JR, Hua J, He ZH (2018).
Rice copine genes OsBON1 and OsBON3 function as
suppressors of broad-spectrum disease resistance. Plant
Biotechnol J 16, 1476-1487.

Yoshimura S, Yamanouchi U, Katayose Y, Toki S, Wang

IL AR KREHUR R FCE R 747

ZX, Kono I, Kurata N, Yano M, Ilwata N, Sasaki T
(1998). Expression of Xal, a bacterial blight-resistance
gene in rice, is induced by bacterial inoculation. Proc Natl
Acad Sci USA 95, 1663—1668.

Younas MU, Qasim M, Ahmad |, Feng ZM, Iqgbal R, Ab-
delbacki AMM, Rajput N, Jiang XH, Rao B, Zuo SM
(2024). Allelic variation in rice blast resistance: a pathway
to sustainable disease management. Mol Biol Rep 51,
935.

Yu SB, Ali J, Zhang CP, Li ZK, Zhang QF (2020). Genomic
breeding of green super rice varieties and their deploy-
ment in Asia and Africa. Theor Appl Genet 133, 1427—
1442.

Yu XQ, Niu HQ, Liu C, Wang HL, Yin WL, Xia XL (2024).
PTI-ETI synergistic signal mechanisms in plant immunity.
Plant Biotechnol J 22, 2113-2128.

Yu Y, Ma L, Wang XY, Zhao Z, Wang W, Fan YX, Liu KQ,
Jiang TT, Xiong ZW, Song QS, Li CQ, Wang PT, Ma
WJ, Xu HN, Wang XY, Zhao ZJ, Wang JF, Zhang HS,
Bao YM (2022). Genome-wide association study identi-
fies a rice panicle blast resistance gene, Pb2, encoding
NLR protein. Int J Mol Sci 23, 5668.

Yu ZH, Mackill DJ, Bonman JM, Tanksley SD (1991).
Tagging genes for blast resistance in rice via linkage to
RFLP markers. Theor Appl Genet 81, 471-476.

Yuan DP, Yang S, Feng L, Chu J, Dong H, Sun J, Chen H,
Li Z, Yamamoto N, Zheng AP, Li S, Yoon HC, Chen JS,
Ma DR, Xuan YH (2023). Red-light receptor phytochrome
B inhibits BZR1-NAC028-CAD8B signaling to negatively
regulate rice resistance to sheath blight. Plant Cell Envi-
ron 46, 1249-1263.

Yuan DP, Zhang C, Wang ZY, Zhu XF, Xuan YH (2018).
RAVL1 activates brassinosteroids and ethylene signaling
to modulate response to sheath blight disease in rice. Phy-
topathology 108, 1104—1113.

Zhai C, Lin F, Dong ZQ, He XY, Yuan B, Zeng XS, Wang
L, Pan QH (2011). The isolation and characterization of
Pik, a rice blast resistance gene which emerged after rice
domestication. New Phytol 189, 321-334.

Zhai C, Zhang Y, Yao N, Lin F, Liu Z, Dong ZQ, Wang L,
Pan QH (2014). Function and interaction of the coupled
genes responsible for Pik-h encoded rice blast resistance.
PLoS One 9, 98067.

Zhai KR, Deng YW, Liang D, Tang J, Liu J, Yan BX, Yin X,
Lin H, Chen FD, Yang DY, Xie Z, Liu JY, Li Q, Zhang L,
He ZH (2019). RRM transcription factors interact with
NLRs and regulate broad-spectrum blast resistance in
rice. Mol Cell 74, 996-1009.

Zhang DD, Tian CJ, Yin KQ, Wang WY, Qiu JL (2019).

© 0000 Chinese Bulletin of Botany



748 Hi¥AR 60(5) 2025

Postinvasive bacterial resistance conferred by open sto- Zhou YL, Shen XL, Zhou LS, Lin QX, Wang ZL, Chen J,

mata in rice. Mol Plant Microbe Interact 32, 255-266. Feng HJ, Zhang ZW, Chen XT, Lu GD (2022). OsLOX10
Zhao HJ, Wang XY, Jia YL, Minkenberg B, Wheatley M, positively regulates defense responses of rice to rice blast

Fan JB, Jia MH, Famoso A, Edwards JD, Wamishe Y, and bacterial blight. Chin J Rice Sci 36, 348-356. (in

Valent B, Wang GL, Yang YN (2018). The rice blast re- Chinese)

sistance gene Ptr encodes an atypical protein required for Rk, BUNE, BN, HWITE, THE, B, DEE,

broad-spectrum disease resistance. Nat Commun 9, 2039. IR, BRBE, BEA (2022). OsLOXAOIE i A xt
Zhao YD, Zhong XH, Xu GJ, Zhu XY, Shi YL, Liu MH,

Wang RY, Kang HX, You XM, Ning YS, Wang GL, RO MR ROBLLE. o KRR 36, 348-356
Wang XL (2024). The F-box protein OsFBX156 positively ~ Z"0u ZZ, Pang ZQ, Zhao SL, Zhang LL, Lv QM, Yin DD, Li

regulates rice defence against the blast fungus Magna- DY, Liu X, Zhao XF, Li XB, Wang WM, Zhu LH (2019).

porthe oryzae by mediating ubiquitination-dependent deg- Importance of OsRac1 and RAI1 in signaling of nucleo-
radation of OsHSP71.1. Mol Plant Pathol 25, 13459. tide-binding site leucine-rich repeat protein-mediated re-
Zhou XG, Liao HC, Chern M, Yin JJ, Chen YF, Wang JP, sistance to rice blast disease. New Phytol 223, 828-838.

Zhu XB, Chen ZX, Yuan C, Zhao W, Wang J, Li WT, He Zou T, Li GW, Liu MM, Liu R, Yang SY, Wang K, Lu LH,
M, Ma BT, Wang JC, Qin P, Chen WL, Wang YP, Liu Ye QY, Liu JX, Liang J, Deng QM, Wang SQ, Zhu J,
JL, Qian YW, Wang WM, Wu XJ, Li P, Zhu LH, Li SG, Liang YY, Liu HN, Yu XM, Sun CH, Li P, Li SC (2023). A
Ronald PC, Chen XW (2018). Loss of function of a rice ubiquitin-specific protease functions in regulating cell death
TPR-domain RNA-binding protein confers broad-spect- and immune responses in rice. Plant Cell Environ 46,
rum disease resistance. Proc Natl Acad Sci USA 115, 1312-1326.

3174-3179.

Research Progress on the Regulatory Mechanism of
Rice Disease Resistance

Yanan Jiang', Yuging Xu', Yiting Wei, Jun Chen, Rongwan Zhang
Beibei Zhao, Yuxiang Lin, Yuchun Rao

College of Life Sciences, Zhejiang Normal University, Jinhua 321004, China

Abstract Rice (Oryza sativa) is one of the most vital food crops globally, and its yield plays a crucial role in ensuring
food security. However, various diseases affecting rice pose significant threats to this security. Among these, rice blast,
bacterial blight, and sheath blight are the three predominant diseases impacting global rice production. Consequently,
there is an urgent need to breed and cultivate rice varieties with broad-spectrum disease resistance. In recent years,
substantial advancements have been made in understanding the regulatory mechanisms underlying disease resistance in
rice. This paper reviews these mechanisms from multiple perspectives, including the plant’s intrinsic immune responses
and the functional dynamics of resistance genes. Furthermore, it highlights pressing issues that require immediate atten-
tion to facilitate broad-spectrum disease-resistant breeding efforts for rice.
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