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good quality in rice production. Wild rice with valuable genetic resource has numerous original traits, which have been lost or
weakened in cultivated rice during the long-term domestication, due to its prolonged adaptation to survive and thrive in natural
environments. Wild rice possesses abundant and diverse genetic variation and thus serves as a crucial gene pool for rice breeding with
high disease-resistance. This review mainly focused on disease resistance of wild rice. We systematically described the basic
characteristics of disease resistance and introduce the disease-resistant germplasm resources of three wild rice species in China,
namely Oryza rufipogon, Oryza officinalis, and Oryza granulata. Furthermore, we summarized the clone and functionally validation of
disease resistance genes to rice blast (Magnaporthe oryzae) and bacterial blight (Xoo, Xanthomonas oryzae pv. Oryzae) from wild rice,
with an emphasis on the research advances in identifying resistance genes from wild rice. Finally, we comprehensively review the
application of key technologies—distant hybridization, molecular marker-assisted selection (MAS), genetic engineering, and gene
editing—in the innovation of wild rice germplasm with disease-resistance and the transfer of elite resistance genes into cultivated rice.
Based on the current research status and existing technical bottlenecks, we also proposed some potential strategies. This article is
expect to provide theoretical support and technologies for enhancing disease-resistant in rice molecular breeding program and for the

green prevention and control of diseases in rice production.

Key words: wild rice; germplasm resources; resistance genes; breeding technology

JKFE(Oryza sativa L) NI T B EEYZ —, EIAEP SRR, FHlGE SRS mh, ™ &0
FARRPFEEAM SR . Bl BramEr Ik EE2a g, ARG, AR DUROE & BUR .
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LB ARt =AU, B, g RE. M REL. RS R T B i FEPUS A R,
F AR A BRI RG], T BB ARG SR AT AR B R, BRI B R S A 5% H A /KR ot A
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RANDHTIEGAAS 73 ThmciBhig e, FEH TR, BERNSESFHEMEAREE AR RAMAEL, U
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Table 1 Disease-resistant resources of wild rice in China

P B B LA Gt AN it GRE7N it
Diseases Resistant wild rice Immune Hight resistance Resistance Intermediate resistance Total
F 499 Bacterial blight Wil 2. JOREFAER 13 8 188 1131 1340
e Blast Wil ZiH. oA 0 16 117 545 678
LA Sheath blight o T A 0 0 10 16 26

41t Total — 13 24 315 1692 2044
R P AR IO SRR 4L

The numbers in the table represent the number of disease-resistant resource copies
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FEIE s (17 08 7 A 7 GX365, 1 - d B A= % GX365 5 e AR o IRV RIS i F BAO 28758+ [RIAE I H AL,
SRAFPUIEAL SRR E MPUEA R RB221, A Pi-gx(t)5E H 1K % 41 T Ak a2 555 IR [ A A 4 AN %000 1 A o0
B 13 MR 871 DS RIS IEAY, ABIEE . RIS EF A RE T 22 s BUaRIE RE L T
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SEFE . A TR R A2 SR AR AL OCHE 34, Guo ZFMON B A R — ks Rz R R A, AT
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PORLEF AR F RGP . AR R AT IO, LA B RR ST SIC N R, S Rl
WS G e o, DR ek B AL R R SR R AR T AR U . T A O 36 1 s P HERL
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J 7 B AR R U ik PR T 0 U AT — AR P BRI, JUHAE 3 AR o AR P B R 36 2
e [ 7 THI O R Sk 2 o YE GRS UM R B 5 O T, FRIERE Z BT AR R rh 4 Pi-gx(t)BIAN Pid3-A4IIJE ]
EExE A, BEFE N B OB A R e 4 H Xa23P), Xa-29(H)?Y. Xa(30)tP2. Xa43(t)*l. Xas7(t)al
1 xa32(t)PSIEH AL DR . Horh Xa23 F R I SN RGRN, HoT IS HUEARRIE S 7 T IR L] A B .
HHAZHE DR & 0 i F GG AR 1652 )1k 1055 71K 466 & 5S. BT BT i AE CHEAT T i BSR4 i Al
FRIRH S HE S CBE Sl Vs T 18 2K A oty , http://iwww.ricedata.cn/) . 1 Pi-gx(t) Pid3-A4. Xa-29(t). Xa(30)t.
Xad3(t). Xad7(t)a Fll xa32(t)<5 5 DAl p T~ 52 21 BB AR ) 00 B PR, 5 DRl e 3 R 23— ATL ) A T 1860 S 56 B
2. 1 SRR ER

2 H AT 2 2] 140 ZAPUMERER, o 38 MelE, KA QRIS R g i B IR 45 & &
=5 R B S5 M2 AR R I (NLR,  nucleotide-binding and leucine-rich repeat receptor)?l, fEix &b £ % & FIff)
PUPESLR SRR T BRIP4 E B R 2 fos. Hr R E AR S @R Pi-gx(t)
Pid3-A4 5. FUFAEEIT ) T L@ B AL AE GX365 5 ey B KPR it Fl BAO A4 2c% & H b I A KL RB221,
Bt i 3 S PR 43 BT 8 M BAR S AT S oy TR L E AL Pi-gx (WP EALLE 2 5 QBRI Y SSR FRid RM240
5 RM1092 2 Ja), {HIZRFFUCR AL T2 g 4 o W 5000 e 6, RBEATSEIRAMIBFIL. Lyu S5ROR H 4
P IEHZAR R A IR 2 BB R RS A4 e BIThREERSEN R 2L Pid3-Ad4, il &3 Pid3-A4
A REFAG LL Pid3 JEDRFE T b . 3% DRI R T Pid3-Ad (1) InDel 43 Thrid A4-C, REMEHER DL 1) A
IKAREARL b % T8 IR 5 A Pid3-A4 THEEFEKIRI/K IR KL, 3R T AZFERAE & M e A A SRR .
* 2 FERP LU NEERIEERE

Table 2 Rice blast resistance genes found in wild rice

A etk Pepas i i e FETE L 223k
Gene Chromosome Donor variety Cloning status References
Pigx(t) 2 1 A PN [8]
Pid3-A4 6 A4 (BT AR ARIEFE [20]
Pi9 6 /IR A RE75-1-127 CykE [28]
Pi40(t) 6 U AR RIUkE [29]

Pid3-11/W3/W4 6 Kasalath/ % 8 7 4 75 Kbz [30]



Pil 11 LAC (HRZEBFAERE) [mA S [31]

Pikg 11 I Y 42 accessionG9 E [32]
Pi54rh 1 MR 2T A RICHE [33]
Pijx 12 Wi A RS R [34]
Pi57(t) 12 KACZG BT A4 ENTA S [3%]

2. 2 AR EE

HIEHAET, OF 49 AR AR R S e, b 42 AN pTERE R E AL, 17 ANBUTERE 4 e
RECEl, 75 B3R 49 ANKFE AR BTSRRI IR B AR R PR RS B R 3 foR. o e R E 4 3k
FERE Xa23l), Xa-29(t)PUAT Xa(30)t22%: , fRix eI K i1, (N5 Xa23 &Mk —# v b B FLRNIR NI
FEIH . % N S R O B B AR RS AR RBBL6 15 JG30 2448 1624597 | [RIACik & L &34 K & WBBL,
HAPUL L. PibkigL % 2 J7iEiiA WBBL &8P 2R Xa-23(t); Wang %587, T 1408 41
Pricfs Xa23 L fEARIE LI138 Fil AB3B4 2] 0.4 cM X IR A, FHid ik B 5e BE R A T i e H Xa23 4
KA. Xa23 & E PR ANt Filkmom i B rEFiRAEA . X2 KDY Xa23 #H: 502 AN T AvrXa23
KRR, TR Z B KR A AER T (Xoo, Xanthomonas oryzae pv. Oryzae) &4 AvrXa23, {13
Xa23 5 Al i Al A I BOEIR SRS SE (HR RRED) AN ] A= /N ) Xoo B F= AT 1 Btk Ak H i,
Xa23 FERER AL . BEs a1 PUrEpLH S 7 i QB R 5F kE,  F Bscshiz | BKAE I & Rk,
O RETUR B M E AR 5 15 Xa23 FENMIR AR, Xa-29(0) 255N BAR O MR E F M TIES
MEFERE PSSR, (B EASTIR TR . Ja5E Xa-29(0) % 5 K v b TAE e & A R I — A HE 2

T3 17 o

* 3 FERP LI AR ERE

Table 3 Bacterial blight resistance genes found in wild rice

eS| PSERES (LY e RER L S5 30k
Gene Chromosome Donor variety Cloning status References
Xa23 1 A [RA7A S [9]
Xa-29(t) 1 2 T A ENTA [21]
Xa(30)t 11 TS A FE Y238 R [22]

Xa43(t) 1 I B A S ENTA [23]



Xad7(t)a 1 JOVL T AR K B [24]

xa32(t) 12 PERLET A S ENTA [25]
Xa38 4 RRMEAR. IRGC81825 ENTA [40]
Xa27 6 /N A R Sk [41-42]
Xa33 7 R4, IRGC105710 ENTA [43]
Xa2l 11 KALZ BT ARG Sk [44-45]
Xa32(t) 11 TR AR Rk [46]
Xa35(t) 1 ANRLET A ENTA [47]
Xa36(t) 11 P L sy N i Rk [48]
Xadl(t) 1 I E ARG AR R RN 75 [49]
Xad9(t) 11 HEB ARG, A IR24 AT [50]

3 EHANEMEARREISHIRR

3.1 A EM

KRGS 4228 (Distant hybridization) &8 1% 8552 5¢ R BT 1 P FHKRE SRR T 252 I HAR, 1Z 7%
PSSR, @RS, BEREKRENEME B, WA S RIRGF H s, LB
A RE AR R R A MRS %L, GG DL R 9 0 [ S AR IR I 8 [ 52 v AR AR B R 2, S BT AR At
TiRE R R RS e SRR AR R B A X —HORTE SE R TS 2 R, [ BRK AT AL 1969
SR ARG SR LRI AR R AR AT, B BOIRIRAR T 1 B R e N BB A oh, TSR B B R AR 5 (1) 1R 28,
IR29. IR30. IR32. IR34. IR38. IR40 %5 A i Fplo2; | A A8 M bl L e b o % A i O30 P 4 i o 3 B
FERRAASIEE T — MR Wre MY . A0 T VAR B BT 5 R KA SR . B8 S SO
FHREET &5 22 41 /KR it o 5 [ P AR S KRG Pl TR SRR 3E S ) B TR A2 L BORIAE T o AR
P, JEIERETT 8 MNMERET T, GRS AR S EMBAR G A, W] UM B B SR SR N1
5, FH L IR AR R AR T LATR N 4258 B b 1) A8 AN B A0 S B R R K 25 ) 8. 4, Amante-Bordeos 2504
R FH R R A ST/ N KL BT A R 5 AR R () A A WA, o/ INKRLET AR RS rh OB 2L R Xa27 SN BRI FS
IR319-45-3-2 1, H LA /N 2. 3. 5. 6 ) BC2F4 Fk & 78-15; 2 i A% 0Nt K Ak T A6 et Ak 15
A JEARHY 450 MUShIREAT B ARG 7%, SRAFR B RIUFET 4R T 438 #k, WRIRBOLER N 97.3%, 52T T K
B A fR S AR RS B A (A R E



3.2 S FHRICIHENIEE

S FRRCHIBIIE S (MAS, marker assisted selection) & F]FH2r Thric 5wk & H bR IR 058 R 5 25 4 8
(R AL, BRI FhRad, RORTRCI H R P AELE, IR BERE E AR B K, BAPE. W, 4
B A TR 27 MAS R DUE IS JE P 58 (4 31 5 B A R 25 D S5 B B SSR. SNP 2543 A ic»
FILL SSR. SNP %4y T hric B A AL PR 2O %8 & H AR B R BT AE R DR . 12 AR A AT ATE 232
BRI EAERE T INE R, ERERBUE S E IR, KA R B AR R UE (K 2 AN 00 R B E )
REB R —RIER LM, MR 2RSS, BAT, AR IESL T ZE AR TR H B ARG
PG R o 2Rk AR RS LUE Y B0 R TR PiQ (K14 1059 M BLASEA, LIARIK 667 AFEEIEA, Fi
FES: B AR MAX B itk 1059, <Pk 1059 i S54E 1k 667 4T ALBCHE M & BT &1 699. #agtit 2021—
2023 4, BFEL 699 TEAEEELHE T THANZ) 3513.3 hm?0), gk ISR F 547 Pi9 SR 1) 75-1-127 JyfftiA %
A, ity Pi9 LR T RERRIC CoInDFIRL FF/E MAS [5152 B RSk, sks Pi9 25N G A FI =7 B =7 A,
BELT mPUETE . ANEMERE . BRI REWRER . FEEEFNHAE R =& A-PiI9 XL ERFF
A=A B-PI9, HH=F A-Pi9 CEMARET mRHE L AT P A TT K& o 528000 % B8R] T MAX BEAR
¥ Xa21 FNGRILIKE FAETK 838 th, W& H ML MRS Rrhik 218, JEAHK 218 S5HhEF R A RLH
M 218 AT 2002 AEEI VIR BT, IEA A MBSy AR Ic i Bk PR AR B R e S
B EEE ARG AR S HOR RN, B TSR R s S SR R, RO KRR E AR A
TR AR R R R, S BN MK RSN B PSR T B R R . B Giik BRSNS SRR
TH.
3.3 BERETIE

FF THE (Genetic engineering) &1L 7T /KPR R AT MR, @i K 8 A SMFEIE K 524k
ISR, IR B E I SUE AR H 1. BEE S AR K R, BN AR R AR R
ol R YRR P AT AT 2 R, KB B PR NBIE 7). a0k E B MO PR BT A A rh o P AR 2 B
AT PEE K] OsXal3 (9 [F) Y5 Kl OgXal3, i A AFF B A S 7 2o 5 R 5 N SRk e TP309 Al vk itk
ATTHREIRUE, IFESE OgXal3 Af i TR Fand (Al B R A B IE . Xu ZEOSN N R R A% 2 A T R T RE AL
HIfEAT, X Pi9 HEENMEMRIAT KA M, fERSOKT LT Pi9 LA SRR PR, N
PiQ J [F 7E AN [F 38 A5 15 S Bk R rh RS v L PB4t 1 B0 S . RV SE DN T REAE /KRR B0 7 b R B H 5 1
VIR, MRS R E RS, (AZARKBORIRE],  H TR ARE I & AR SR AT 5 B 1L S2 6 S BF 7T ) S
BB, RN R A AR 7 R FR A



3. 4 BRE44E

F: X 2 45 (Gene editing) BE M8 RE AESCERE R, WAL H A FER R AR 7€ 17 RAR, ITERAG BA H AR PR A R AR
MR FER BRI, MARA TR B A AL R, el 7R Eshtkis . EEgRERAR
F EALFEEE R AZ TR B (ZFN, zinc finger nuclease). 8% 3Bk R 1 RN W 4% BR B (TALEN,  transcription
activator-like effector nuclease) . CRISPR/Cas % %t (CRISPR/Cas, clustered regularly interspaced short
palindromicrepeats/CRISPR-associated protein). H.#FE %% R 45 (BE, base editing) f15| 5 4m%E R 45 (PE, prime
editing)!®, M CRISPR/Cas RG/&i BACKRYEN, W H TREmAER. A B, DOPUEIGIER R 1)
fb. TERFAERERFFCH, EFhLAEE EZLL CRISPR/Cas R4 NZ L LE, MLIEHEZRE (ZFN) SHA,
TF R 7 A R v P24 55 R ) Sh BB ABAIT 5 R F 7 72« T Xiao 26 B4 it CRISPR/Cas AN B £ F v R A 1) Pijx
BEAT FED BRI T, WA Pijx ONRERR DU, Rl x ATP B2 I R AR BT 7845 Pijx dE i
Pijx-ATPB-OsRbohC-ROS i@ i 4 /KAE ) S HURSIR IR I 20 T WL, /KRG TR 70 1 B AR At 1 B2
R U8 5 FEAR AR o BT M CTE @ B AR R N R AR S e Ik L R XadT7(ta, 77 YEIA A5 A A
CRISPR-Cas9 #ZiR/KAEH K L214 i) Xad7(t)a Hk PRIFEAT R, Gt aed ok bo B 2 7R 55 R B ALk ) 10 A g
PEZE SR, UESE XadT(t)a JE AT IR T L214 FPERR KRS B A o 1) R it I 1 iR R 0w DI g .«

4 FREE

BFAEREGAE KRB HU0 B TR (0 T LA 25 B, AE DU KA dh A B A AR . M i 0T H
Fite o> FARICHBNIERE (MAS) « B TRE AL G4 S BOR T B, CRRe B AL RE R IR A BT 1 Al 22k
Xa23. PUREEmRE A Pi9 SRR TR K S ARG, 8 F h ARSI PURTEEZ TR RS 2 R
il KRN SR B AR PR At S AR, B AERBE DU AL IR 0 R G E L P IR bR AL
LB BRI RS IR B 5 T AR ST 25 8], F N RS THAL

2B AR PR T o BRI WU, Dy F5 SE B AL R Ul B B IR P, 5 ) S A 4 P AL B
RUMRTHE B RGHESL o 12 RN o R B AR 25 PP AE R AR B AR A, BT X R . AR
SR A PEARBET  E H S R A o B 3 S DX E RS i T, T R T R i I U TR 5
[ IS ST MG B R R 3 AN INERITUE I I AR AR R GG, ST AR AR HUR A BT BRI 1 R SR
JE o SRS HE BT % B A A ot SO AN R0 55 O DU IR, D i 60 1] TR 110 e A it 5 38 v P2 90 S 1 093
PR K7 AR A R R

FESED A2 RIS, 5 S AR AU ORI, A 22 4EFEST B 2 AU TR . — D7 XS RN Pi2-1. PiS1(t)



S A Xa29(t). Xa30(t) SR vebE R, 45& 58 = ARNF HoR 5z BB i, Ml 5 R 4K 741
PEDXCIAFAE, DL R 5 b 5 ThRE UG UEERE , BB EA ST IE B B AL . 5 — T, 9 Rpeikst
CRZ B VT L R SUR T . A0 VE SR DRSS N ANAZ OB AU T, S I v R A 5 A R DR A SR I A
(GWAS, genome-wide association study) , MAN[FIEF A FE iR 42308 A PR RE DN, EANSURY R S50 14 22k (R i
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