chERE: 4 AR
SCIENTIA SINICA Vitae

i R BERERER

2022 FF % 52% % 10 Hi: 1495 ~ 1510 CPIERRE ) Zekal

SCIENCE CHINA PRESS

lifecn.scichina.com
CrossMark

& click for updates

IRAE GRS L A T 8 2

2, kA, 28

DU 1R YR 2, 7 T A A e R 9 DA 4 5 ) P [ 5% A SR =8, S 611130
* & N, E-mail: jingwang406@sicau.edu.cn; xwchen88@163.com

WcRR I 3A: 2021-01-14; 8232 H #H: 2021-04-27; ML AR R % H#H: 2021-09-24
K E RS (#HHE S 31922066, 32072043) % B

WE BERTELFABFTES @ . ARBIUREE AR o TALE AT, 7T 4 XREHUR 7 A 5= 47 ik
HEFRVERNERE T ASCAAEEERIURE R TR, FUEALERT. =8 585 R e =R
B, URRBERIUA R ME7E, FR T A5 RAREER VR AR £ B R, JFx B ol fER TR A

P EAREALTT TR ERE.

KRR AR, BERE, RERIUFIE, TUFF A

IKFE(Oryza sativa)se i BEWREIED 2 —, 77
WA BT, BRI A TR
SHRE . BV RIREREE. TR X KHE f6.5 i
NP B FLRE TR, R AR KRR A R K,
S HUKFGR 10%~35%!". 558 B s R e AT iG
FEIEI B NGB AR s, TERBERE %
27 R A AR H.

R £ 12059, B a7 KRG SRR B R
2L 1) 00 5 AN R R R 1 52 AR, KA S RE e
) AR OB T R e B T L) 028 3R G ) B A
AY. EIR BT RS TR A NPt A 1 i R A A A
A S, AN RIS DX R R TR A A A e EOR 22 5,
A ARE RS T P08 st PRI HE S 52 28] DX PR R B R 1)
PR, A SCTE FKFEANT, RGUHRER [ 1T KoK FE
PURBIERALHI BT T, IR KRB R DU & B
AT TR,

1RSSR I R PR 1 o o

19054, 2 [ it 4% 2% 5 Biffen " 3 4 76 /N 32 i A7
PURBHER T, BRI TEY R NT R, A
TEVITUR SRR 4880 T 7 ). 20tH 2050404, 3%
[ 2 % Flor! ' $2 ty R PRI 06 S R, MRt 7 % & 59
JEHIAR BAE 2 FHUB IR TS, BEJG, HARSH
PLZAR B Lt ERS7 T — BRI s 25 D8] 45 il ik
R, FIHXEARR, T8I SRR T8N /KFEFEIR
TP (resistance, RYBL S _EHI14NFERS 124, KFG
L2 5 AR 1004 098 A D% 1) R DR B or
A BT 2 A TR BR 2R 3 Qe ARk AR BT A
ﬁii(iél)[g’m].

L1 KAEAE R SE B REE N i e

AT o B 1R K 2 B R B D B i A &5 A % B IR 2 &
W'E & A B 2T 5l (nucleotide-binding/leucine-

0012

IR B, BReEfs, EFF KRBEPURER LG AR, s ERE A arklas, 2022, 52: 1495-1510
Mao W, Chen X W, Wang J. Recent progress on rice resistance to blast disease (in Chinese). Sci Sin Vitae, 2022, 52: 1495-1510, doi: 10.1360/SSV-2021-

©2021 (hEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSV-2021-0012
https://doi.org/10.1360/SSV-2021-0012
http://www.scichina.com
http://lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSV-2021-0012&amp;domain=pdf&amp;date_stamp=2021-07-04

B IRTEGURRL IR AL BF 7C it i

F 1 CwFRMREEHE AL A

Table 1 Cloned blast resistance (R) genes/alleles in rice

Jetofh H PR A4 i 2 Y 3N 22530k
1 Pi37 NLR St. No. 1 [11,12]
1 Pit NLR K59 [13,14]
1 Pish NLR Nipponbare [15,16]
1 Pi35 NLR Hokkai 188 [17,18]
1 Pio4 NLR Yangmaogu [19]

2 Pi-b NLR Tohoku IL9 [20]
4 pi2l WE AR ES Owarihatamochi [21,22]
4 Pi63/Pikahei-1(1) NLR Kahei [23]
6 Pi9 NLR O. minuta [24,25]
6 Pi2 NLR 5173 [26,27]
6 Piz-t NLR Toride 1 [27]
6 Pi-d2 B-lectinZfS {5 5 52 14 82 Digu [28]
6 Pi-d3 NLR Digu [29]
6 Pi25 NLR Gumei2 [30]
6 Pid3-44 NLR A4 (Oryza rufipogon) [31]
6 Pi50 NLR Er-Ba-zhan (EBZ) [32]
6 Pigm NLR Gumei4 [33,34]
6 Pid4 NLR Digu [35]
8 Pi36 NLR Kasalath [36,37]
9 Pi5/Pi3 |Pii NLR Tetep [38,39]
9 Pi56 NLR Sanhuangzhan No. 2 [40]
1 Pi54 NLR Tetep [41,42]
11 Pikm NLR Tsuyuake [43]
1 Pbl NLR Modan [44]
11 Pik NLR Kusabue [45]
11 Pik-p NLR K60 [46,47]
11 Pia NLR Sasanishiki [48,49]
11 Pil NLR LAC23 [50]
11 Pi54rh NLR Oryza rhizomatis [51]
11 Pi-CO39 NLR CO39 [49,52]
11 Pi54of NLR Oryza officinalis (nrcpb004) [41]
11 Pi-kh NLR Tetep [53]
11 Pike NLR Xiangzao143 [54]
12 Pi-ta NLR Yashiro-mochi [55]
12 Ptr 2 Armadillo&5 #)3E H Katy [56]
rich-repeat, NLR)fJ & 1. NLREA ) A — A& = NOD). Ciiii [f) 7% #R # & J¥ %l (leucine-rich repeats,
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C: HEx0704 3 fIPii/AVR-Pii - [A] {2 HAF KL, D: f1 % JSAPIPsAN 3 [ Piz-t/ AVR-Piz-t.2 1] f i) #¢ HAF 5 5

Figure 1 Models of molecular interaction between AVR and R proteins. A: Directly recognition pattern of Pita/AVR-Pita; B: directly recognition
pattern of RGA4, RGA5/AVR-Pia; C: indirectly recognition pattern of Pii/AVR-Pii mediated by Exo70; D: indirectly recognition pattern of Piz-t/AVR-
Piz-t mediated by APIPs

e.g. Piz-t/APIPs/|AVR-Piz-t

IKFEZ AR

L\ g 8 eg OsWAKs14, 25 s
i s
[72}
(5} ® o " __ OsRbohB
APIP10 Avi-Pizt APIP6 eg SPL11, OsCUL3a, EBR1  offAPRKKe— |RICKT1S

] ,:o = L ] To
_®® ® | 402 OsMPK15
J. U, (] SDS2 e =
o Substrate OSMAPKS \
e.g. SPING, OSNPR1, OsBAG4 7
VOZz1/2 . i \[\,\‘P'
} _ ) ' OsPALs
Pt e s 0sTCP21 |
V\/\/\mlRNA W\ W\
\/\/\/\mRNA l

m
~—
T \o Avr-Piz-t

B 2 AERERAN SRR ILE]. A: H ST WRKY45Fbsr-d1 A T (/K FEHUREDR TAERAL B: 12 RiER:EE
APIP67‘ruAPIP10£ IR TR, C: ﬁ%ﬁ&{;’%ﬁmMAPstruRLCKusff FHUKFEGUREN A, D: /)
RNA m1R139$um1R3984‘}:ﬁ‘?rE’J7J<$a?$aff“11’%%i E: RNAZ: & #E FIBSR- Klﬁ‘?rﬁ’vkia?%aﬁf“ﬂ’ﬁmi

Figure 2 A working model for the non-R protein mediated rice blast resistance. A: Rice blast resistance mediated by transcriptional factors, such as
WRKY45 and bsr-d1; B: rice blast resistance regulated by E3 ligases, such as APIP6, APIP10; C: protein kinases, such as OsMAPKS and RLCK 118,
are involved in multiple signaling pathways of rice blast resistance; D: miRNAs are regulators contributing to rice blast resistance, such as miR139 and
miR398; E: RNA binding protein BSR-K1 negatively regulates rice blast resistance

Piz-t

bt e R Fbsr-d 1 ve B HRUAE ) W HRF AU S FP L2, AR R TTH,0, AR &, AT 2 K AE R R s )
Bl AL S (hydrogen peroxide, H,O,)if 3 K] TWEGTYE. bsr-dIHE ERIEIR) T WEPUIE  FII, ASR2m K
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16 1) F- 45 & PUR A S RN WRK Y451 ) 3 1, (k2
Rk, WK REREERDUE. — BRI %% I M
JE3, TPALFEM LR ILE, etk kE
A=A G HE R A, (REE =&, SCELTE AN B 1)
PRI,

OsALDH2B 1jd o XU 2 [ Pk P 45 K g AR KR
PUW. — 510, OsALDH2BIAE NERRIAAR 218 it S B 1A
B E M, B—J71H, OsALDH2B1 K %K 11
A, MR RAEE. KFAMRAKIREHEN TN
RERGEE S g,

miR168-AGO 152 Fe# 8 - 17 7K R A8 9 s P 1k
AP E AR, AGOZmiR168/IHEEEA, ERNA
T FUURE SR S8 o/F. miR168-AGO 1 HL @ ik
PHFmiR535, miR164FImiR 1320 miRNAIE K,
M X L miRIN A I I 4% (1) T U o s AR AR Kk A O 3
R IA. I 59 miR 168%F 4GOIk ], AL AT LA
B KRG REDR B, BT DMERE KRG 4y BE . 46
AEY. e Eid M A P miRNAK R
IKFEEZAEERZMIR, TERREYE M BEARK
149 82 F 2 1.

P B TR RORIE S BT B 1) 3k, [FIFE T
A B PR K BRI R P E S == W H 1. uORFTBFI
TCH I REFE IR E G S, KBS, &

1502

uORFTBF I JCfF 5P AL RINPRIG & 323k, W LAPE &
TR O A 55 22 Bl 35 B0 PUm P, AN IE 5 1
BT R B A 0,

fe PRI A /KRG B RS 2 2 H AR, DAL,
FAEDD = PUm TR HLE KRS B A B E T, MR
JE R 578 R EAENUE] S B 5L R R L 5
BRI 5 1 AR ARU DL RCE R0 F A5 T Th 78 /- R 2™
BMPRIRR, UG = HU anFr it 5 & 29 5E %
SR EELE S

4 R DU &

REEIA DU B P2 RS R a3 10 £ 2T B
W LB AR, IR B 22 R R 07 22 R 4 e
W, DRl g 4 A Sl 1 R R R BOR AN W B Sk, 31X
ORI DU B AR A IR AL 1 s 32

4.1 R LR IR B2 5 F

EH T 5 L BT e B (1 v AR S AU AL, /KA
FEJER RIE A F DU IE 6 fE3~5 k8. A= |,
R R RIERIFERLIN BN R AL, AR EREG ZARE
B, BrE T ISR ATUR M. AR ADUE KRS &R
Moroberekan O 7E FU JE KA FIIE 2 4, IR EA RIF



I ERE: AaRE 20224 E52% H10M

AR ) e, 3 R R Rz 2 S A 34
FRURIE R J 104 E & IR A7 25 (quantitative  trait loci,
QTLs). J7ZRAERWEZ LK FE ST & 1 =2 52
SEEAE EMEI0Z 4, 3R RE R AR IR R T
PR, PV 3 B 3 3 AR DRRT S A TRl s R R 4%
U, KB A P SEBRAIE B, 44 R IR M TR
SLRERFEIN, I S FARCHBIE R, 2 AREERE
MeRr AR BT IR, 2 H AT R AT
RULH) SR

F A X 7 A L, PO AP SRR, R
T B ARG OR B N I mbUKREM L B AR
e RE VP R R R Y, B KRR
T L R BEUR A2 4 S M At 1 B YRR, AR 2
JUtaEd, RE G RE. L2 HF IR
a5, M. BIK63%E A HA T 15 BURE AR H

PRI MBI, DA — R BB A H T R B BB
$¢[34’131’133].

4.2 SRR SRR U E

FE201HZL604FE AR, s F Y R L T R AR MENE
IKFEAE I, 1M 7= /KBAFLH R0 RAE,
TR T REZRAOKRER B R, H 1A 8 5 R
ZAEARKHERR S, TR B T8 F 15— Ao KA
w A R I HH AR PR LS. BB T AR I E R
SLARGETE, KER R BRI BRI IZ 0, K
FEHU B AL T IR, R X SRR, WFI AR
v T ORETTIEHUR R, MM AR TR, AR
SRR U R ) R ) AR T A A TR,

SRR BRI, B AR EEhE I A R
MEEAR R AL 1 b BT BT YR AR B A b, T X 7R 224
W KN AR K TAERE. A&, BERIUHE
m A E FEE AT, RG22 AREE, sip
AT RS RN, SR RELIA (1) & Fh SR M B v 4
Keanfhpitk, EEMDERER, FHRIR KK AL
sem AU, BB TR HARERNKE, K
PERIBN R T 2 PR B R L, $RAE MR
WhRFRE, M TR0 2 A A REER TR 5
o, DT AE AR R IR 8] P SR B 2 BE R = ROR &, B
F it m e E s KRG A

DR G 4B AR 1 I 9 K B AB IR ) S U & A
AL T HHEAR T 4. CRISPR/Cas9(clustered regularly

interspaced short palindromic repeats/CRISPR-asso-
ciated protein 9)F 4t e U - K i JiE 3 Ik 11 = R v 1
R, TERFEEAEYE R OB i S 50,
o [E K AE BT T T AE R R R B R L1014+, 58 w4
%7 Pita, Pi2IFNERF922%FGIEMRPUREER, 25T
BIE RN U, 5 KBRS A A
A, B E 13U E AR L X 5 RS 3
AR —, AEAZ AR AR SR 2 N S R
TR, XZE A P2 I BT E SR R, B
w5 7 AR

5 mELREE

AR, KREPURER LA 0 S BUS T R
BERE, (ERARMIRA IR 2 i Ap 42 0 AT A AT S ] R

5.1 SR

FEIEI & AR AR ™ . JE K B %% 71, IR
BRI T ORI, (R R fE E A M AL
KERERm RN R —. ERRF A
g, HERIER R AR TE20145:4)°9500.0 75
AR, 20164F2)°9533.3 75 o~ Bil, 201 74FAE LA F
BN T 2920%".

TR | R U 2 R JRA 2. HArEm O 5o pE
TENPURER, Bl TREESHREE S, AFERE
X PR MR K E S, SEZ PR R
TEAS R ARG X 47y B A i BR AR A Hf e v, 1 L
PO AR XS RE S (W REE R DL . S R , F
S8 R AR AE 5 7 e BRI G A A — X K B
B —REER AT HUW B Fl, 20 R s 1 7= A FF
SRR RRIR J), B REIE 0 R R A R R AR R AR
B LR A, SRR A BRI Kk R
Pk,

IKFBREIR PRI A 2 R k. fEC&
SERERIREE R, — 2 DL B AR ARAE R IR B P R B
MR TCEE R, AH OGP L B A k. A LER
BRI AR SRIR T AN A K & b, a5 B AN, P 9IAEAE
e S (HEN XA PUIS AR LA, AR A
[FZh GO, X 28 /K FEHURIE AL I e i A 1 —
JE [MFEAS. PTIANETIVE Ak FE A 40 55 55 (1) P 18 B
2, & Z M BIPUR I RINLEDE A RHR N R G

1503



B IRTEGURRL IR AL BF 7C it i

2 BUR L R TN 2 S0 KRS ™ 5 R Aok
AR, TR A AT DU S A
FERIHS A RIS N A A B AR 2 TR A2 SR
TR

52 ARRREH

FEHR) IS PUR BT, LA EER ) IR 3k R 1
SobE. ML FR )z R KRR A BB, DL AN
X HREER R BN, AT REMPUEEE, T
g BT IR PR AR iRl R 4 5 DR AL PP 4
AR, KEVEE I SERTEBRGE S, A0 %
0I5 5 R 1 58 5 7K R i DR AL ok O 51 RS ) 52 R PR

WBBARGE G QIR PURMEL, R
J& TR HER) B M EORSENG. U5AR T A G KR
B s Nz —, BREMBEFEEMLEER.
JAE R WrHE802. Wi RS AR ML AR | Ah Ak
(37K e it . ) P 2k DR 2 A SR 3 B (1 0 B A

RARE MR IERITT A Z . — 7 H AT LLEAT 5E A 4
FAABTIYUR AL, 3 5 T AR AT BLe 2 i i A
QUG PR R FEPUR AR AR T, ZrE
R AN [ 7 XA IELIPA B 1A R 20 A 5 AR 5 AR A R,
LB A DX AR AR L, AT RO T 2 R i LA
WAL, IFEIE 7 BOREREEGUR S N R R4,
T 38 58 7 e it e BRI 00 AP

RN HTKFETURE L], VPR ftE
BBORSCEE. — I AR DIRERI AL, N R
T B 5 e KRS 2 A ARG A AR R L
i, AT RS FO BT i 3R BB S, 55— T AR
WA, ERTKAE (TR A B S IR A ok
AR W RN, T A A 2D R 3R
(KI5 1.

A GURHLEIEL 18 5] e LRI 58 3B AHTHoAR
TER, RN [ A RE HURs s BT 7 (254K,
FME LA S Ot R S 4%

Bt RMIIRYAFREEL, RFEETAAAGTIRFHHOTN. BN f

S5 3k

—

O 0 9 AN W R W N

sativa L.). Curr Issues Mol Biol, 2015, 17: 57-73

—_
(=)

Agric, 2017, 16: 2746-2760

Dean R, Van Kan J A L, Pretorius Z A, et al. The top 10 fungal pathogens in molecular plant pathology. Mol Plant Pathol, 2012, 13: 414430
Project I R G S, Sasaki T. The map-based sequence of the rice genome. Nature, 2005, 436: 793-800

Goff S A, Ricke D, Lan T H, et al. A draft sequence of the rice genome (Oryza sativa L. ssp. japonica). Science, 2002, 296: 92—-100

Yu J, Hu S, Wang J, et al. A draft sequence of the rice genome (Oryza sativa L. ssp. indica). Science, 2002, 296: 79-92

Dean R A, Talbot N J, Ebbole D J, et al. The genome sequence of the rice blast fungus Magnaporthe grisea. Nature, 2005, 434: 980-986
Biffen R H. Mendel’s laws of inheritance and wheat breeding. J Agric Sci, 1905, 1: 4-48

Flor H H. Host-parasite interactions in flax rust—its genetics and other implications. Phytopathology, 1955, 45: 680-685

Institute I R R. Rice Breeding. Manila: International Rice Research Institute, 1972. 203-205

Ashkani S, Yusop M R, Shabanimofrad M, et al. Allele mining strategies: principles and utilisation for blast resistance genes in rice (Oryza

Wang B, Ebbole D J, Wang Z. The arms race between Magnaporthe oryzae and rice: Diversity and interaction of Avr and R genes. J Integr

11 Lin F, Chen S, Que Z, et al. 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. Genetics, 2007, 177: 1871-1880

12 Chen S, Wang L, Que Z, et al. Genetic and physical mapping of Pi37(t), a new gene conferring resistance to rice blast in the famous cultivar St.

No. 1. Theor Appl Genet, 2005, 111: 1563-1570

13 Kawano Y, Akamatsu A, Hayashi K, et al. Activation of a Rac GTPase by the NLR family disease resistance protein Pit plays a critical role in

rice innate immunity. Cell Host Microbe, 2010, 7: 362-375

14 Hayashi K, Yoshida H. Refunctionalization of the ancient rice blast disease resistance gene Pit by the recruitment of a retrotransposon as a

promoter. Plant J, 2009, 57: 413-425

1504


https://doi.org/10.1111/j.1364-3703.2011.00783.x
https://doi.org/10.1038/nature03895
https://doi.org/10.1126/science.1068275
https://doi.org/10.1126/science.1068037
https://doi.org/10.1038/nature03449
https://doi.org/10.1017/S0021859600000137
https://doi.org/10.1016/S2095-3119(17)61746-5
https://doi.org/10.1016/S2095-3119(17)61746-5
https://doi.org/10.1534/genetics.107.080648
https://doi.org/10.1007/s00122-005-0086-0
https://doi.org/10.1016/j.chom.2010.04.010
https://doi.org/10.1111/j.1365-313X.2008.03694.x

I ERE: AaRE 20224 E52% H10M

15

16

17

18

19

20

21

22

23

24

25

26
27

28
29

30

31

32

33

34

35

36

37

38

Imbe T, Matsumoto S. Inheritance of resistance of rice varieties to the blast fungus strains virulent to the variety “Reiho”. Japan J Breed, 1985,
35:332-339

Takahashi A, Hayashi N, Miyao A, et al. Unique features of the rice blast resistance Pis/ locus revealed by large scale retrotransposon-tagging.
BMC Plant Biol, 2010, 10: 175

Nguyen T T T, Koizumi S, La T N, et al. Pi35(t), a new gene conferring partial resistance to leaf blast in the rice cultivar Hokkai 188. Theor
Appl Genet, 2006, 113: 697-704

Fukuoka S, Yamamoto S I, Mizobuchi R, et al. Multiple functional polymorphisms in a single disease resistance gene in rice enhance durable
resistance to blast. Sci Rep, 2014, 4: 4550

Ma J, Lei C, Xu X, et al. Pi64, encoding a novel CC-NBS-LRR protein, confers resistance to leaf and neck blast in rice. Mol Plant Microbe
Interact, 2015, 28: 558-568

Wang Z X, Yano M, Yamanouchi U, et al. The Pib gene for rice blast resistance belongs to the nucleotide binding and leucine-rich repeat class of
plant disease resistance genes. Plant J, 1999, 19: 55-64

Fukuoka S, Okuno K. QTL analysis and mapping of pi21, a recessive gene for field resistance to rice blast in Japanese upland rice. Theor Appl
Genet, 2001, 103: 185-190

Fukuoka S, Saka N, Koga H, et al. Loss of function of a proline-containing protein confers durable disease resistance in rice. Science, 2009, 325:
998-1001

Xu X, Chen H, Fujimura T, et al. Fine mapping of a strong QTL of field resistance against rice blast, Pikahei-1(t), from upland rice Kahei,
utilizing a novel resistance evaluation system in the greenhouse. Theor Appl Genet, 2008, 117: 997-1008

Amante-Bordeos A, Sitch L A, Nelson R, et al. Transfer of bacterial blight and blast resistance from the tetraploid wild rice Oryza minuta to
cultivated rice, Oryza sativa. Theoret Appl Genets, 1992, 84-84: 345-354

Qu S, Liu G, Zhou B, et al. The broad-spectrum blast resistance gene Pi9 encodes a nucleotide-binding site—leucine-rich repeat protein and is a
member of a multigene family in rice. Genetics, 2006, 172: 1901-1914

Mackill D J. Inheritance of blast resistance in near-isogenic lines of rice. Phytopathology, 1992, 82: 746

Zhou B, Qu S, Liu G, et al. The eight amino-acid differences within three leucine-rich repeats between Pi2 and Piz-t resistance proteins
determine the resistance specificity to Magnaporthe grisea. Mol Plant Microbe Interact, 2006, 19: 1216-1228

Chen X, Shang J, Chen D, et al. A B-lectin receptor kinase gene conferring rice blast resistance. Plant J, 2006, 46: 794-804

Shang J, Tao Y, Chen X, et al. Identification of a new rice blast resistance gene, Pid3, by genomewide comparison of paired nucleotide-binding
site—leucine-rich repeat genes and their pseudogene alleles between the two sequenced rice genomes. Genetics, 2009, 182: 1303—1311
Chen J, Shi Y, Liu W, et al. A Pid3 allele from rice cultivar Gumei2 confers resistance to Magnaporthe oryzae. J Genet Genomics, 2011, 38:
209-216

Lv Q, Xu X, Shang J, et al. Functional analysis of Pid3-A4, an ortholog of rice blast resistance gene Pid3 revealed by allele mining in common
wild rice. Phytopathology, 2013, 103: 594-599

Zhu X, Chen S, Yang J, et al. The identification of Pi50(t), a new member of the rice blast resistance Pi2/Pi9 multigene family. Theor Appl
Genet, 2012, 124: 1295-1304

Deng Y, Zhu X, Shen Y, et al. Genetic characterization and fine mapping of the blast resistance locus Pigm(t) tightly linked to Pi2 and Pi9 in a
broad-spectrum resistant Chinese variety. Theor Appl Genet, 2006, 113: 705-713

Deng Y, Zhai K, Xie Z, et al. Epigenetic regulation of antagonistic receptors confers rice blast resistance with yield balance. Science, 2017, 355:
962-965

Chen Z, Zhao W, Zhu X, et al. Identification and characterization of rice blast resistance gene Pid4 by a combination of transcriptomic profiling
and genome analysis. J Genet Genomics, 2018, 45: 663-672

Liu X, Lin F, Wang L, et al. The in silico map-based cloning of Pi36, a rice coiled-coil-nucleotide-binding site—leucine-rich repeat gene that
confers race-specific resistance to the blast fungus. Genetics, 2007, 176: 2541-2549

Liu X Q, Wang L, Chen S, et al. Genetic and physical mapping of Pi36(t), a novel rice blast resistance gene located on rice chromosome 8. Mol
Genet Genomics, 2005, 274: 394401

Lee SK, Song M Y, Seo Y S, et al. Rice Pi5-mediated resistance to Magnaporthe oryzae requires the presence of two coiled-coil-nucleotide-

binding-leucine-rich repeat genes. Genetics, 2009, 181: 1627-1638

1505


https://doi.org/10.1270/jsbbs1951.35.332
https://doi.org/10.1186/1471-2229-10-175
https://doi.org/10.1007/s00122-006-0337-8
https://doi.org/10.1007/s00122-006-0337-8
https://doi.org/10.1038/srep04550
https://doi.org/10.1094/MPMI-11-14-0367-R
https://doi.org/10.1094/MPMI-11-14-0367-R
https://doi.org/10.1046/j.1365-313X.1999.00498.x
https://doi.org/10.1007/s001220100611
https://doi.org/10.1007/s001220100611
https://doi.org/10.1126/science.1175550
https://doi.org/10.1007/s00122-008-0839-7
https://doi.org/10.1007/BF00229493
https://doi.org/10.1534/genetics.105.044891
https://doi.org/10.1094/Phyto-82-746
https://doi.org/10.1094/MPMI-19-1216
https://doi.org/10.1111/j.1365-313X.2006.02739.x
https://doi.org/10.1534/genetics.109.102871
https://doi.org/10.1016/j.jgg.2011.03.010
https://doi.org/10.1094/PHYTO-10-12-0260-R
https://doi.org/10.1007/s00122-012-1787-9
https://doi.org/10.1007/s00122-012-1787-9
https://doi.org/10.1007/s00122-006-0338-7
https://doi.org/10.1126/science.aai8898
https://doi.org/10.1016/j.jgg.2018.10.007
https://doi.org/10.1534/genetics.107.075465
https://doi.org/10.1007/s00438-005-0032-5
https://doi.org/10.1007/s00438-005-0032-5
https://doi.org/10.1534/genetics.108.099226

B IRTEGURRL IR AL BF 7C it i

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
61

62

63

1506

VoK T X, Lee S K, Halane M K, et al. Pi5 and Pii paired NLRs are functionally exchangeable and confer similar disease resistance specificity.
Mol Cells, 2019, 42: 637-645

Liu Y, Liu B, Zhu X, et al. Fine-mapping and molecular marker development for Pi56(t), a NBS-LRR gene conferring broad-spectrum
resistance to Magnaporthe oryzae in rice. Theor Appl Genet, 2013, 126: 985-998

Devanna N B, Vijayan J, Sharma T R. The blast resistance gene Pi54 of cloned from Oryza officinalis interacts with Avr-Pi54 through its novel
non-LRR domains. PLoS ONE, 2014, 9: 104840

Gupta S K, Rai A K, Kanwar S S, et al. The single functional blast resistance gene Pi54 activates a complex defence mechanism in rice. J Exp
Bot, 2012, 63: 757-772

Ashikawa I, Hayashi N, Yamane H, et al. Two adjacent nucleotide-binding site—Ileucine-rich repeat class genes are required to confer Pikm-
specific rice blast resistance. Genetics, 2008, 180: 2267-2276

Hayashi N, Inoue H, Kato T, et al. Durable panicle blast-resistance gene Pb/ encodes an atypical CC-NBS-LRR protein and was generated by
acquiring a promoter through local genome duplication. Plant J, 2010, 64: 498-510

Zhai C, Lin F, Dong Z, et al. The isolation and characterization of Pik, a rice blast resistance gene which emerged after rice domestication. New
Phytol, 2011, 189: 321-334

Wang L, Xu X, Lin F, et al. Characterization of rice blast resistance genes in the Pik cluster and fine mapping of the Pik-p locus.
Phytopathology, 2009, 99: 900-905

Yuan B, Zhai C, Wang W, et al. The Pik-p resistance to Magnaporthe oryzae in rice is mediated by a pair of closely linked CC-NBS-LRR genes.
Theor Appl Genet, 2011, 122: 1017-1028

Zeng X S, Yang X F, Zhao Z H, et al. Characterization and fine mapping of the rice blast resistance gene Pia. Sci China Life Sci, 2011, 54: 372—
378

Cesari S, Thilliez G, Ribot C, et al. The rice resistance protein pair RGA4/RGAS5 recognizes the Magnaporthe oryzae effectors AVR-Pia and
AVR1-CO39 by direct binding. Plant Cell, 2013, 25: 1463-1481

Hua L, Wu J, Chen C, et al. The isolation of Pi/, an allele at the Pik locus which confers broad spectrum resistance to rice blast. Theor Appl
Genet, 2012, 125: 1047-1055

Das A, Soubam D, Singh P K, et al. A novel blast resistance gene, Pi54rh cloned from wild species of rice, Oryza rhizomatis confers broad
spectrum resistance to Magnaporthe oryzae. Funct Integr Genomics, 2012, 12: 215-228

Chauhan R S, Farman M L, Zhang H B, et al. Genetic and physical mapping of a rice blast resistance locus, Pi-CO39(t), that corresponds to the
avirulence gene AVR1-CO39 of Magnaporthe grisea. Mol Gen Genomics, 2002, 267: 603—-612

Sharma T R, Madhav M S, Singh B K, et al. High-resolution mapping, cloning and molecular characterization of the Pi-k" gene of rice, which
confers resistance to Magnaporthe grisea. Mol Genet Genomics, 2005, 274: 569-578

Chen J, Peng P, Tian J, et al. Pike, a rice blast resistance allele consisting of two adjacent NBS-LRR genes, was identified as a novel allele at the
Pik locus. Mol Breeding, 2015, 35: 117

Bryan G T, Wu K S, Farrall L, et al. A single amino acid difference distinguishes resistant and susceptible alleles of the rice blast resistance gene
Pi-ta. Plant Cell, 2000, 12: 2033-2045

Zhao H, Wang X, Jia Y, et al. The rice blast resistance gene Pt encodes an atypical protein required for broad-spectrum disease resistance. Nat
Commun, 2018, 9: 2039

Ellis J, Dodds P, Pryor T. Structure, function and evolution of plant disease resistance genes. Curr Opin Plant Biol, 2000, 3: 278-284
Balint-Kurti P. The plant hypersensitive response: concepts, control and consequences. Mol Plant Pathol, 2019, 20: 1163-1178

Wang J, Qu B, Dou S, et al. The E3 ligase OsPUBIS5 interacts with the receptor-like kinase PID2 and regulates plant cell death and innate
immunity. BMC Plant Biol, 2015, 15: 49

Moldenhauer K A K, Lee F N, Norman R J, et al. Registration of ‘Katy”’ rice. Crop Sci, 1990, 30: 747-748

Jia Y. Artificial introgression of a large chromosome fragment around the rice blast resistance gene Pi-fa in backcross progeny and several elite
rice cultivars. Heredity, 2009, 103: 333-339

Meng X, Xiao G, Telebanco-Yanoria M J, et al. The broad-spectrum rice blast resistance (R) gene Pita2 encodes a novel R protein unique from
Pita. Rice, 2020, 13: 19

Wang G L, Mackill D J, Bonman J M, et al. RELP mapping of genes conferring complete and partial resistance to blast in a durably resistant rice


https://doi.org/10.1007/s00122-012-2031-3
https://doi.org/10.1371/journal.pone.0104840
https://doi.org/10.1093/jxb/err297
https://doi.org/10.1093/jxb/err297
https://doi.org/10.1534/genetics.108.095034
https://doi.org/10.1111/j.1365-313X.2010.04348.x
https://doi.org/10.1111/j.1469-8137.2010.03462.x
https://doi.org/10.1111/j.1469-8137.2010.03462.x
https://doi.org/10.1094/PHYTO-99-8-0900
https://doi.org/10.1007/s00122-010-1506-3
https://doi.org/10.1007/s11427-011-4154-1
https://doi.org/10.1105/tpc.112.107201
https://doi.org/10.1007/s00122-012-1894-7
https://doi.org/10.1007/s00122-012-1894-7
https://doi.org/10.1007/s10142-012-0284-1
https://doi.org/10.1007/s00438-002-0691-4
https://doi.org/10.1007/s00438-005-0035-2
https://doi.org/10.1007/s11032-015-0305-6
https://doi.org/10.1105/tpc.12.11.2033
https://doi.org/10.1038/s41467-018-04369-4
https://doi.org/10.1038/s41467-018-04369-4
https://doi.org/10.1016/S1369-5266(00)00080-7
https://doi.org/10.1111/mpp.12821
https://doi.org/10.1186/s12870-015-0442-4
https://doi.org/10.2135/cropsci1990.0011183X003000030065x
https://doi.org/10.1038/hdy.2009.95
https://doi.org/10.1186/s12284-020-00377-5

I ERE: AaRE 20224 E52% H10M

64

65
66

67

68

69

70

71

72

73

74

75

76

77

78

79

80
81

82

83

84

85
86

87

88
89

cultivar. Genetics, 1994, 136: 1421-1434

Yang Q Z, Lin F, Feng S J, et al. Recent progress on molecular mapping and cloning of blast resistance genes in rice (in Chinese). Sci Agric Sin,
2009, 42: 1601-1615 [H8IE, ARIE, IR, 5. KRR 005 B 00 71 5 i K% v Bt S e vl [ AR 27, 2000, 42: 1601-1615]
Wang G L, Valent B. Durable resistance to rice blast. Science, 2017, 355: 906-907

Fudal I, Bohnert H U, Tharreau D, et al. Transposition of MINE, a composite retrotransposon, in the avirulence gene ACE! of the rice blast
fungus Magnaporthe grisea. Fungal Genet Biol, 2005, 42: 761-772

Jia Y, McAdams S A, Bryan G T, et al. Direct interaction of resistance gene and avirulence gene products confers rice blast resistance. EMBO J,
2000, 19: 40044014

Wang J, Wang J, Hu M, et al. Ligand-triggered allosteric ADP release primes a plant NLR complex. Science, 2019, 364: eaav5868

Wang J, Hu M, Wang J, et al. Reconstitution and structure of a plant NLR resistosome conferring immunity. Science, 2019, 364: eaav5870
Li X, Kapos P, Zhang Y. NLRs in plants. Curr Opin Immunol, 2015, 32: 114-121

Césari S, Kanzaki H, Fujiwara T, et al. The NB-LRR proteins RGA4 and RGAS5 interact functionally and physically to confer disease resistance.
EMBO J, 2014, 33: 1941-1959

Magbool A, Saitoh H, Franceschetti M, et al. Structural basis of pathogen recognition by an integrated HMA domain in a plant NLR immune
receptor. eLife, 2015, 4: e08709

Ray S, Singh P K, Gupta D K, et al. Analysis of Magnaporthe oryzae genome reveals a fungal effector, which is able to induce resistance
response in transgenic rice line containing resistance gene, Pi54. Front Plant Sci, 2016, 7: 1140

Orbach M J, Farrall L, Sweigard J A, et al. A telomeric avirulence gene determines efficacy for the rice blast resistance gene Pi-fa. Plant Cell,
2000, 12: 2019-2032

Okuyama Y, Kanzaki H, Abe A, et al. A multifaceted genomics approach allows the isolation of the rice Pia-blast resistance gene consisting of
two adjacent NBS-LRR protein genes. Plant J, 2011, 66: 467-479

Fujisaki K, Abe Y, Ito A, et al. Rice Exo70 interacts with a fungal effector, AVR-Pii, and is required for AVR-Pii-triggered immunity. Plant J,
2015, 83: 875-887

Park C H, Chen S, Shirsekar G, et al. The Magnaporthe oryzae effector AvrPiz-t targets the RING E3 ubiquitin ligase APIP6 to suppress
pathogen-associated molecular pattern-triggered immunity in rice. Plant Cell, 2012, 24: 4748-4762

Park C H, Shirsekar G, Bellizzi M, et al. The E3 ligase APIP10 connects the effector AvrPiz-t to the NLR receptor Piz-t in rice. PLoS Pathog,
2016, 12: 1005529

Wang J, Wang R, Fang H, et al. Two VOZ transcription factors link an E3 ligase and an NLR immune receptor to modulate immunity in rice.
Mol Plant, 2021, 14: 253-266

Wang R, Ning Y, Shi X, et al. Inmunity to rice blast disease by suppression of effector-triggered necrosis. Curr Biol, 2016, 26: 23992411
Tang M, Ning Y, Shu X, et al. The Nup98 homolog APIP12 targeted by the effector AvrPiz-t is involved in rice basal resistance against
Magnaporthe oryzae. Rice, 2017, 10: 5

Shi X, Long Y, He F, et al. The fungal pathogen Magnaporthe oryzae suppresses innate immunity by modulating a host potassium channel.
PLoS Pathog, 2018, 14: ¢1006878

Zhang C, Fang H, Shi X, et al. A fungal effector and a rice NLR protein have antagonistic effects on a Bowman-Birk trypsin inhibitor. Plant
Biotechnol J, 2020, 18: 2354-2363

Kanzaki H, Yoshida K, Saitoh H, et al. Arms race co-evolution of Magnaporthe oryzae AVR-Pik and rice Pik genes driven by their physical
interactions. Plant J, 2012, 72: 894-907

Tsuda K, Somssich I E. Transcriptional networks in plant immunity. New Phytol, 2015, 206: 932-947

Bagnaresi P, Biselli C, Orru L, et al. Comparative transcriptome profiling of the early response to Magnaporthe oryzae in durable resistant vs
susceptible rice (Oryza sativa L.) genotypes. PLoS ONE, 2012, 7: ¢51609

Ryu H S, Han M, Lee S K, et al. A comprehensive expression analysis of the WRKY gene superfamily in rice plants during defense response.
Plant Cell Rep, 2006, 25: 836-847

Rushton P J, Somssich I E, Ringler P, et al. WRKY transcription factors. Trends Plant Sci, 2010, 15: 247-258

Shimono M, Sugano S, Nakayama A, et al. Rice WRKY45 plays a crucial role in benzothiadiazole-inducible blast resistance. Plant Cell, 2007,
19: 2064-2076

1507


https://doi.org/10.1093/genetics/136.4.1421
https://doi.org/10.1126/science.aam9517
https://doi.org/10.1016/j.fgb.2005.05.001
https://doi.org/10.1093/emboj/19.15.4004
https://doi.org/10.1126/science.aav5868
https://doi.org/10.1126/science.aav5870
https://doi.org/10.1016/j.coi.2015.01.014
https://doi.org/10.15252/embj.201487923
https://doi.org/10.7554/eLife.08709
https://doi.org/10.3389/fpls.2016.01140
https://doi.org/10.1105/tpc.12.11.2019
https://doi.org/10.1111/j.1365-313X.2011.04502.x
https://doi.org/10.1111/tpj.12934
https://doi.org/10.1105/tpc.112.105429
https://doi.org/10.1371/journal.ppat.1005529
https://doi.org/10.1016/j.molp.2020.11.005
https://doi.org/10.1016/j.cub.2016.06.072
https://doi.org/10.1186/s12284-017-0144-7
https://doi.org/10.1371/journal.ppat.1006878
https://doi.org/10.1111/pbi.13400
https://doi.org/10.1111/pbi.13400
https://doi.org/10.1111/j.1365-313X.2012.05110.x
https://doi.org/10.1111/nph.13286
https://doi.org/10.1371/journal.pone.0051609
https://doi.org/10.1007/s00299-006-0138-1
https://doi.org/10.1016/j.tplants.2010.02.006
https://doi.org/10.1105/tpc.106.046250

B IRTEGURRL IR AL BF 7C it i

90
91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106
107

108

109

110

111

112

113

114

1508

Tao Z, Liu H, Qiu D, et al. A pair of allelic WRKY genes play opposite roles in rice-bacteria interactions. Plant Physiol, 2009, 151: 936-948
Han M, Kim CY, Lee J, et al. OsWRKY42 represses OsMT1d and induces reactive oxygen species and leaf senescence in rice. Mol Cells, 2014,
37: 532-539

Li W, Zhu Z, Chern M, et al. A natural allele of a transcription factor in rice confers broad-spectrum blast resistance. Cell, 2017, 170: 114-126.
el5

Yokotani N, Tsuchida-Mayama T, Ichikawa H, et al. OsNAC111, a blast disease-responsive transcription factor in rice, positively regulates the
expression of defense-related genes. Mol Plant Microbe Interact, 2014, 27: 1027-1034

Yin Z, Chen J, Zeng L, et al. Characterizing rice lesion mimic mutants and identifying a mutant with broad-spectrum resistance to rice blast and
bacterial blight. Mol Plant Microbe Interact, 2000, 13: 869-876

Zeng L R, Qu S, Bordeos A, et al. Spotted leaf11, a negative regulator of plant cell death and defense, encodes a U-Box/armadillo repeat protein
endowed with E3 ubiquitin ligase activity. Plant Cell, 2004, 16: 2795-2808

LiuJ, Park C H, He F, et al. The RhoGAP SPING associates with SPL11 and OsRac1 and negatively regulates programmed cell death and innate
immunity in rice. PLoS Pathog, 2015, 11: ¢1004629

Liu Q, Ning Y, Zhang Y, et al. OsCUL3a negatively regulates cell death and immunity by degrading OsNPR1 in rice. Plant Cell, 2017, 29: 345—
359

You Q, Zhai K, Yang D, et al. An E3 ubiquitin ligase-BAG protein module controls plant innate immunity and broad-spectrum disease
resistance. Cell Host Microbe, 2016, 20: 758-769

Li W, Zhong S, Li G, et al. Rice RING protein OsBBI1 with E3 ligase activity confers broad-spectrum resistance against Magnaporthe oryzae
by modifying the cell wall defence. Cell Res, 2011, 21: 835-848

Delteil A, Gobbato E, Cayrol B, et al. Several wall-associated kinases participate positively and negatively in basal defense against rice blast
fungus. BMC Plant Biol, 2016, 16: 17

Harkenrider M, Sharma R, De Vleesschauwer D, et al. Overexpression of rice wall-associated kinase 25 (OsWAK25) alters resistance to
bacterial and fungal pathogens. PLoS ONE, 2016, 11: e0147310

Maeda S, Hayashi N, Sasaya T, et al. Overexpression of BSR/ confers broad-spectrum resistance against two bacterial diseases and two major
fungal diseases in rice. Breed Sci, 2016, 66: 396-406

Fan J, Bai P, Ning Y, et al. The monocot-specific receptor-like kinase SDS2 controls cell death and immunity in rice. Cell Host Microbe, 2018,
23: 498-510.e5

Lin W, Li B, Lu D, et al. Tyrosine phosphorylation of protein kinase complex BAK1/BIK1 mediates Arabidopsis innate immunity. Proc Natl
Acad Sci USA, 2014, 111: 3632-3637

Wang C, Wang G, Zhang C, et al. OsCERK 1-mediated chitin perception and immune signaling requires receptor-like cytoplasmic kinase 185 to
activate an MAPK cascade in rice. Mol Plant, 2017, 10: 619-633

Meng X, Zhang S. MAPK cascades in plant disease resistance signaling. Annu Rev Phytopathol, 2013, 51: 245-266

Xiong L, Yang Y. Disease resistance and abiotic stress tolerance in rice are inversely modulated by an abscisic acid-inducible mitogen-activated
protein kinase. Plant Cell, 2003, 15: 745-759

Hong Y, Liu Q, Cao Y, et al. The OsMPK15 negatively regulates Magnaporthe oryza and Xoo disease resistance via SA and JA signaling
pathway in rice. Front Plant Sci, 2019, 10: 752

Helliwell E E, Wang Q, Yang Y. Transgenic rice with inducible ethylene production exhibits broad-spectrum disease resistance to the fungal
pathogens Magnaporthe oryzae and Rhizoctonia solani. Plant Biotechnol J, 2013, 11: 3342

Zhou M, Luo H. MicroRNA-mediated gene regulation: potential applications for plant genetic engineering. Plant Mol Biol, 2013, 83: 59-75
Baulcombe D. RNA silencing in plants. Nature, 2004, 431: 356-363

LiY,LuY G, Shi Y, et al. Multiple rice microRNAs are involved in immunity against the blast fungus Magnaporthe oryzae. Plant Physiol,
2014, 164: 1077-1092

Zhang X, Bao Y, Shan D, et al. Magnaporthe oryzae induces the expression of a microRNA to suppress the immune response in rice. Plant
Physiol, 2018, 177: 352-368

LiY, Cao X L, Zhu Y, et al. Osa-miR398b boosts H,O, production and rice blast disease-resistance via multiple superoxide dismutases. New

Phytol, 2019, 222: 1507-1522


https://doi.org/10.1104/pp.109.145623
https://doi.org/10.14348/molcells.2014.0128
https://doi.org/10.1016/j.cell.2017.06.008
https://doi.org/10.1094/MPMI-03-14-0065-R
https://doi.org/10.1094/MPMI.2000.13.8.869
https://doi.org/10.1105/tpc.104.025171
https://doi.org/10.1105/tpc.16.00650
https://doi.org/10.1016/j.chom.2016.10.023
https://doi.org/10.1038/cr.2011.4
https://doi.org/10.1186/s12870-016-0711-x
https://doi.org/10.1371/journal.pone.0147310
https://doi.org/10.1270/jsbbs.15157
https://doi.org/10.1016/j.chom.2018.03.003
https://doi.org/10.1073/pnas.1318817111
https://doi.org/10.1073/pnas.1318817111
https://doi.org/10.1016/j.molp.2017.01.006
https://doi.org/10.1146/annurev-phyto-082712-102314
https://doi.org/10.1105/tpc.008714
https://doi.org/10.3389/fpls.2019.00752
https://doi.org/10.1111/pbi.12004
https://doi.org/10.1007/s11103-013-0089-1
https://doi.org/10.1038/nature02874
https://doi.org/10.1104/pp.113.230052
https://doi.org/10.1104/pp.17.01665
https://doi.org/10.1104/pp.17.01665
https://doi.org/10.1111/nph.15678
https://doi.org/10.1111/nph.15678

I ERE: AaRE 20224 E52% H10M

115

116
117

118

119

120

121

122

123

124

125

126
127

128
129

130

131

132

133

134

135

136

137

138
139

Zhou X, Liao H, Chern M, et al. Loss of function of a rice TPR-domain RNA-binding protein confers broad-spectrum disease resistance. Proc
Natl Acad Sci USA, 2018, 115: 3174-3179

Varney E. Plant diseases: Epidemics and control. Am Potato J, 1964, 41: 153-154

Xiaobo Z, Mu Z, Mawsheng C, et al. Deciphering rice lesion mimic mutants to understand molecular network governing plant immunity and
growth. Rice Sci, 2020, 27: 278-288

Zhao J, Liu P, Li C, et al. LMMS5.1 and LMMS5 .4, two eukaryotic translation elongation factor 1A-like gene family members, negatively affect
cell death and disease resistance in rice. J Genet Genomics, 2017, 44: 107118

Liao Y, Bai Q, Xu P, et al. Mutation in rice abscisic acid? results in cell death, enhanced disease-resistance, altered seed dormancy and
development. Front Plant Sci, 2018, 9: 405

Song G, Kwon C T, Kim S H, et al. The rice SPOTTED LEAF4 (SPL4) encodes a plant spastin that inhibits ROS accumulation in leaf
development and functions in leaf senescence. Front Plant Sci, 2019, 9

Quilis J, Pefias G, Messeguer J, et al. The Arabidopsis AtNPRI inversely modulates defense responses against fungal, bacterial, or viral
pathogens while conferring hypersensitivity to abiotic stresses in transgenic ric e. Mol Plant Microbe Interact, 2008, 21: 1215-1231
Fitzgerald H A, Chern M S, Navarre R, et al. Overexpression of (4#) NPR! in rice leads to a BTH- and environment-induced lesion-mimic/cell
death phenotype. Mol Plant Microbe Interact, 2004, 17: 140-151

Goto S, Sasakura-Shimoda F, Suetsugu M, et al. Development of disease-resistant rice by optimized expression of WRKY45. Plant Biotechnol J,
2015, 13: 753-765

Molla K A, Karmakar S, Chanda P K, et al. Tissue-specific expression of Arabidopsis NPR1 gene in rice for sheath blight resistance without
compromising phenotypic cost. Plant Sci, 2016, 250: 105-114

Wang J, Long X, Chern M, et al. Understanding the molecular mechanisms of trade-offs between plant growth and immunity. Sci China Life
Sci, 2021, 64: 234-241

Wang J, Zhou L, Shi H, et al. A single transcription factor promotes both yield and immunity in rice. Science, 2018, 361: 1026-1028

Ke Y, Yuan M, Liu H, et al. The versatile functions of OsALDH2BI1 provide a genic basis for growth-defense trade-offs in rice. Proc Natl Acad
Sci USA, 2020, 117: 3867-3873

Wang H, Li Y, Chern M, et al. Suppression of rice miR168 improves yield, flowering time and immunity. Nat Plants, 2021, 7: 129-136

Xu G, Yuan M, Ai C, et al. uORF-mediated translation allows engineered plant disease resistance without fitness costs. Nature, 2017, 545: 491—
494

Xu G, Greene G H, Yoo H, et al. Global translational reprogramming is a fundamental layer of immune regulation in plants. Nature, 2017, 545:
487-490

Wu S Z, Zhu X Y, Liu B, et al. Genetic analysis and evaluation of durable resistance to blast in indica cultivar Sanhuangzhan? (in Chinese). Sci
Agric Sin, 2004, 37: 528-534 [ffi 6, AR/, XK, 55, KIS Fh =38 525 MIREDR FE A BUMETAY St 4. s IE R LA, 2004, 37:
528-534]

Liang M L. Review of researches on inhertance and breeding of blast resistance in rice (in Chinese). Chin Agric Sci Bull, 2005, 21: 341-345 [
S K REHUREIR L 5 E AT Tk . R 38R, 2005, 21: 341-345]

LiSG,MaY Q, Wang Y P, et al. Genetic analysis and mapping of rice resistance gene in indica cultivar Digu (in Chinese). Progr Nat Sci, 2000,
10: 44-48 [ZEAE5, BRIE, EH°F, 55 KSRt JUREDR 2R N AR S AUE 2. A ABHE#ERE, 2000, 10: 44-48]

Yuan L P. A preliminary report on male sterility in rice, Oryza sativa L. Chin Sci Bull, 1966, 11: 322

Zhang J, Dong S M, Wang W, et al. Plant immunity and sustainable control of pests in China: advances, opportunities and challenges (in
Chinese). Sci Sin Vitae, 2019, 49: 1479-1507 [5K7, HIbH, £, 5. MW RIS P0W R G2 k. YU Sk, hEFBE &
Rl 2019, 49: 1479-1507]

Yang D, Li S, Lu L, et al. Identification and application of the Pigm-1 gene in rice disease resistance breeding. Plant Biol J, 2020, 22: 1022—-1029
Guo T, Yu H, Qiu J, et al. Advances in rice genetics and breeding by molecular design in China (in Chinese). Sci Sin Vitae, 2019, 49: 1185-1212
(5048, AL, BRA, &, EKFEEAL 2 AR 5 0 TR B A, shERFE: A afbE, 2019, 49: 1185-1212]

Romero F M, Gatica-Arias A. CRISPR/Cas9: development and application in rice breeding. Rice Sci, 2019, 26: 265-281

Xu P, Wang H, Tu R R, et al. Orientation improvement of blast resistance in rice via CRISPR/Cas9 system (in Chinese). Chin J Rice Sci, 2019,
33: 313-322 [4RME, £, Bk, 5. FIFCRISPR/Cas9 & 4t € [ e /KRR L. o E/KFERFE, 2019, 33: 313-322]

1509


https://doi.org/10.1073/pnas.1705927115
https://doi.org/10.1073/pnas.1705927115
https://doi.org/10.1007/BF02863449
https://doi.org/10.1016/j.rsci.2020.05.004
https://doi.org/10.1016/j.jgg.2016.12.005
https://doi.org/10.3389/fpls.2018.00405
https://doi.org/10.3389/fpls.2018.01925
https://doi.org/10.1094/MPMI-21-9-1215
https://doi.org/10.1094/MPMI.2004.17.2.140
https://doi.org/10.1111/pbi.12303
https://doi.org/10.1016/j.plantsci.2016.06.005
https://doi.org/10.1007/s11427-020-1719-y
https://doi.org/10.1007/s11427-020-1719-y
https://doi.org/10.1126/science.aat7675
https://doi.org/10.1073/pnas.1918994117
https://doi.org/10.1073/pnas.1918994117
https://doi.org/10.1038/s41477-021-00852-x
https://doi.org/10.1038/nature22372
https://doi.org/10.1038/nature22371
https://doi.org/10.1360/sb1966-11-7-322
https://doi.org/10.1360/SSV-2019-0176
https://doi.org/10.1111/plb.13170
https://doi.org/10.1360/SSV-2019-0209
https://doi.org/10.1016/j.rsci.2019.08.001

B IRTEGURRL IR AL BF 7C it i

140 Zhang H J. Targeted editing of Pi2/ and OsBadh2 genes for rice improved blast disease resistance and fragrance quality of Kongyul31 (in
Chinese). Dissertation for Master’s Degree. Wuhan: HuaZhong Agricultural University, 2016 [7K2: %, /K8 Pi21 1 OsBadh2#E R 4w 48 5 . 25
B IFRR TUE AR B B 22 A0 50 U Rl R 2, 2016]

141 Xie H A. Practice and thinking of hybrid rice breeding with disease-resistant and insect-resistance (in Chinese). China Rice, 2020, 26: 1-5 [#{£
% JRAKTBTUN A R SRS 5. PIETEK, 2020, 26: 1-5]

Recent progress on rice resistance to blast disease

MAO Wei, CHEN XueWei & WANG Jing

State Key Laboratory of Crop Gene Exploration and Utilization in Southwest China, Sichuan Agricultural University, Chengdu 611130, China

Rice blast disease, caused by the fungal pathogen Magnaporthe oryzae, poses severe threat to rice yield and quality worldwide. It is
important to identify blast resistance genes from rice germplasms and systematically study molecular mechanisms of rice resistance in
order to develop effective methods for preventing rice from this disease. Here, we summarize recent advances in the study of rice
blast resistance, including isolation of resistance genes, elucidation of the underlying resistance mechanisms, trade-offs between yield
and resistance, and breeding of rice varieties with improved disease resistance. We further discuss the challenges in this research field
and provide perspectives for future studies.

rice, rice blast, resistance mechanism, resistant breeding
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