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Abstract: Rice is the primary staple crop in China, but its production faces significant threats from rice blast, a

disease caused by the rice blast fungus. Long-term practices have shown that cultivating resistant rice varieties by

incorporating resistance genes is the most economical, effective, and environmentally friendly method to combat

this disease. This paper reviews recent advancements in cloning blast resistance genes, highlights the main

challenges in breeding these genes, and suggests key research directions for the future. These directions include

improving the identification of blast resistance in germplasm resources and developing innovative breeding

strategies through intelligent design.

Key words: rice; rice blast; resistance gene; resistant breeding; Magnaporthe oryzae

1 BERNESE

TR & FH FL B Magnaporthe oryzae 1234 5| i
M)A BRVE KRG 2, ™ B KRS 2 A A
eI 973 10 K FE AN A K A A B & AN BB A 2] R 2
FRYE RIS W AL AT N T R AR
FHE. IR, BEEUE. SRR, et
ARSI R L, Hfa K (B ). &RE
IR R 04 3 R 7 B A0 R ik 10%~30%, K
EEELE, PR M. BRI, JERK
FEAbRE [ 5K, R OO N R 2 b K Fe 22 4 2B 77
(B BT T 2 — 1, B RE ARl A IR R s ik =
29 30%", T3 6 Y DR AR s B 1 K RS 7 AR
1% 50%~70%" . JEAESR, Hh E R AT @R,
2012—2021 4 [a) FgJa s 4 35 R A= T ARk 381.5 3 A
B, R AR AR ST B 45 2R 36.8 T3 M. 2014 4F,

PRI 7K 8 VIR e s e, VL5 22
b RS R R A A L, ER B X T
WS 1T R P UG B R R A 00 R A ) i
REATE AR RITEI, SRR PUE, It
FoR T 1 iE, RGN B R AR R AN R
f240 . SEREPUREE DT DU > THLE, X
B PUA AR R

2 RERUREERETR

JK G ARG JE IR HU IR (resistance, R) DK & Fh 5
RAAE N EAREEFR N Tk fE M R . T i
(broad-spectrum resistance, BSR) s & ¥ 5% £ A
[E) 7 Jir BT, ONT ] — 9 Ji B PRI AS 8] /N b e L0 128 o
B2 HE O S E R 140 Z20FEW R B, Hrp
38 AN b Y, K O bR R 2N g i 1F
TR o & 'F o 2 R B R 45 M 382 /R B B (nucleotide-

A: WHME; B: SV

Bl 20235 I EEn EmEmXAERERBER LR



560 B EY RS TN A

374

binding and leucine-rich repeat receptor, NLR)"",

NLR 2§ R & [ — M B 32 ol 1) 2 15 9 465 5 1 9 Jid
T 200 IR AT P2 AR s s U, S EUX K R
DR X AR S M 0 e I F T B TR, 70 A X A
. HRMY Pil. Pi2. Pi5. Pi56(t). Pi64. Pi9. Piz-t.
Pizh. Pi50. Pigm F Pijx Z59 458 5 R E B 2 4
HUNARBLT R B 1Y, IR BAE A % NLR 2%
R JEPRGn Pbl. Pi64. Pigm 1 Pijx S diE BA
WHUE BT U, NLR KR BEEH DB E R
FERGET KRERRAS, W6, 11, 12 546
TR A B A T 21, 27 127 AN R LA B,
Al R BRI TE 5> T IhAE IR A e &M F, B3
W& I8 Pigm 7 55 &4 13 > NLR %[ (R1~R13), H:
1 R4, R6 (PigmR) 1 R8 (PigmS) % it 5¢ ¥ () NLR
HH, R4 LREEMRPLIETNEE, PigmR X FEJE 18 £
NN RGBT, 1 PigmS BRI S
77 LAY PigmR 517~ AR, LR SE
Ptk A T U

tbAh, 5 RIEFARFE, —HgumiREET (f
FEPUIR 1E VA 45 DR AU R 1 ) AR A X R R B
AR E/ N RGP, B S 5P0nE 58
A AR A R R BY, dEdER, R EET
WP B 0P R 4% R B A R e e P, i
993 1IE W32 R F- IPAI (Ideal Plant Architecture 1) %t
(1125 Squamosa J& 8l T 45 & B 1 IPAL, 7EFEIE 7 b6
2 L B IR 1k, BRI 1Y IPAL 5 WRKY4S5 (V) )3
HF4E G, IREHEIRIE, B 5E AKRE R I 7
b PO, %955 R T Bsr-d1 (BROAD-SPECTRUM
RESISTANCE DIGU 1) %wf4 C2H2 5% 5 K 1, 7
B RIS SR AP SRS, SR T i
X MYBST s, FiEiE s A e
Pty = D] 1) 22 38 AT T 15 HLO, ARBR, 3 T 52 i FR
W RESLME . XA ERICER 1 3 000 £ BT IR HEAT
BRART b R B, AN 313 U KRG AT RN & AT bsr-dl
TR A5 A B, &R [KlF RODI (RESISTANCE
OF RICE TO DISEASES 1) 4if5 1) Ca®" 4% J&% 2% i it
BOS L AL A B ST, NIE H0, AR, J0H] %k
RBL. [KIE, RODI I L RS K T BUKFEXS R «
SO ARG 55 2 B AR AR s U, 7R
e rp 3 77-4E RODI [0 45446 RODI (SNP17),
AR R TT DLE AN A0 77 o F) A7 15 488 5 5o el
W), B EERE RS ANE Y. 2%
JE B AR, U IE 4% K1 UMPI™™ 35 i) &
A Tt Rl 80 DR o 8 /K RS 26S 8 A A i A=)

ARSI, RS ALYl APX8 Rl A AL A
CatB [ [% M, $Emf Ui s HO, FIAR R, T3
558 7K R X 22 s i B O FR AR R 0o HE— 2B T R I
el MWK 21157 Fig) UMPI®" & — N R
SREENTFREN, S NBNEOR KRGS, BELEASREI
AKFE = B B[R B A R i, HA E B

5 0,
3 REEMEMLA

3.1 BAREFEMBMNA

EHRTCERER R HF R, BAFEMEM, H
FEAE 2 EORTHA R b . 3 10 4F 3k B B %
(1= BN T 5 6 5 Y RV Piz FERIFEFIZE 11 5
PR 1) Pik BRI RN P R S R (R
1) i K FE B 7 BT 4k 1T B - ] BA S8 3 b i 4l
Bl 3% $¢ (marker-assisted selection, MAS) ¥ Pigm 5
ANFFEH RAFR SR “ 28 13170k 267 F1“ B
YFE 657 B, 3R 12 NMER Pigm R K S
ANZ, HAURPUE KT S5 2 AR SE AR ) 5~7 iR
A 0~3 G P, E A AR B B 7T 5 I BA
¥ Pi9 K1 Pi2 FEPR 3 N“ [k 33017, B0 R S O )
% 3301-Pi9” 1 “[&]¥% 3301-Pi2” Pt KF @248
T PO, B R RO B A PR A F 5K AR 7T
FRAIBAEL “Q211S” Rz ikt b, DL Pi9 KAl
FR) 40 R L MR “75-1-1277 it 4k, @i MAS
HH S AR R R Y R BB P R
AAE R PN R R R EH A Pigm S
NBIBA B Lo Rs < alis A 327 f1 “1EpE 8 5
H, EH T PUREIE R LT R R A AR
30917 B2, 2= et gt R B BARI #8655 (X4
93-11) NiZ LA, @it Pigm i5E M S A4
REMIRTE, BT HA U A% O R %
Joepro3n” W, R “Pr 9311”7 NEEE T RS
ot Pigm YL SiRERAE R, BEHRA
HAR “% 888", WRBEHRIMENAE RILAHE
“C815S” “BERL 638S” K “KT27S” 4 B, 4t
B EERHIF N B0 Pik BEDRFR ) Pil 5 Pis4 535 S\
IR w7 AR “BPT52047 1, MR R BEEST
PEACE BT 2 0~2 g PO,
32 ZANREFREMBEMNA

BT REE R o B = R R, B R
SEDR U b Fel— M HE T N 3~5 4R SR AR 2 gk
PUHETTR B i, &2 RIEFFEFRFAT
TP PR R U IR R I R0 E . B 2 AN



53 BT, S KFEDURSIER SE IR v R K L A R R F Al B 561
=1 WEERINEEENE N A
H br 5L getifk ZARMEL AR AL R
Pi2 6 C815S LB AN IR F X 53 BRI B U A A A B [38]
94.3%~98.1%
Feng39S LB 2R R XSS TAN B R I B U A AR B [39]
94.7%
%3301 R E % 200 R R A2 14N B PR ) D5 R e B [30]
R EPUKE
Pi9 6 %] 13301 RIS F 2010 R RN 200 BEAR 1) )5 R PLiE R I [30]
HPLEAKT
E32 iSRS R RE32-Pi9m b0, FUEHiIE1 [40]
R288 RIS & 2 R R R288-Pi9w i I [41]
R747 BillEiky = MR RR747-Pi9R I i K vk [42]
R599 AR & 2R R R599-Pi9 b B A AR [43]
R389 R & 2 R ZR389-Pi9r bt 1 Y A AR [44]
Q2118 LB SR AXTHR. BURSRIE S (31]
Pigm 6 KT27S WELE R SR R E RIS B, MUEPES  [33]
FJ0~12%
C815SS LB 3R R IR DU KA R1~34 [34]
#FH638S LB BUR R 284N B R (1 B R P A 3R 1L $96.4%  [35]
THIGEHI13 R HURE 1A R & bt w e A A [45]
r04B FERLORIF & 23N R AR SIA R0, BEPiE  [46]
EEN
PUZAE32, MRS AEAYE A 10420 R R TR B B K g g [32]
TEHI31. HE26.  FEHURERS 122 R R P LA Z 8 £95.2%~98.4%,  [29]
R YHae6 FREPIMESR = 20~34
Pil 11 BPT 5204 HIAY 5 ARG 5/NE R R R UL F) 1~2 41 [36]
Pi54 11 BPT 5204 HIAY 5 ARG 6/ L R F0 W M 3 0~24 [37]
TFEs18 AL H ARG Bﬁza% “ERBS8” M RBIEIRDUIEIA3H [47]
Pi2/Pi54 6. 11 PB1121 HIBY 5 UG ARG R EI AR AR S L X AT [48]
@*ﬂ%ﬁﬁﬂﬁ@kﬁ‘%
Pi2/Pil 6. 11 kg —5 LERFRIRIRE A RN RE R U KT B e [49]
Pi2/Pil/Pi33 .8 FHE131 AL H A 3 =R A R R U A Ze 5k E [50]
T98.4%
Pi2/Pik/Pita 6. 12 JI1%907 billpIEE S ZERNEEANHEIS . MEUE1%, &8 [51]
ff“ fa41.0
Pi9/Pita 6. 12 Pusa Basmati | R AR AR A FBR RIS 3 1~22% [52]
Pi9/Pi49 6. 11 IR RS 13/‘?&%?752{7 Hi o 0% [53]
Pi9/Pi54/Pil 6. 11 K676 il ISRV = 3 =B A RARIRA IV K B R G5 [54]
Pi9/Pita/Pib 6. 2 HE10S AR SRNRER “HE1626” BRTIEEE  [55]
i
Pi9/Pi54/Pi5 6. 9 Huhan 1S WANE & =RNEA R “Huhan 74S” M 14MFATHE R  [56]
PR P LM AT R 1K $185.7%
Pigm/Pi48/Pi49 6. 11 8158 WAENE & SRS RPHEDUEL6S. BEBYEHUE3R  [57]
Pi54/Pib 1. 2 M219 HIRY UG 15N E R PURAT HHP7.2 [58]
Pi54/Pil/Pita 11, 11.  Mushk Budji EERE =N RE RN SN BRI EIE DK [59]
12 5 #0~24%
Pita/Pi46 12, 11 Fik179 R & KA RRLTIIN HRPUIENRIL$]97.1%, H  [60]

PR




562 B EY RS TN A

374

T A IRIE T 24 R FR R A P i it oL 52
o) P70, 22 et o A AR I Piz BRI R - ANIR]
450 R B (U Pigm. Piz-f) 5 Pik. Pita BT
(1) R B[R DL R FoAth R JE R R G TEAN AT 5t R #8580
HARE M e prid 2 2, (HRRH R R A
JG, HAERHERDA A R HE W R,
FY 3 A7 AE A7 1) RN . [ B /K R BIF 58 BT BA “CO39”
N SRR R EFNRER, SegRE
7N Piz-5 F Pita ()55 5 A ZH00E A 10 5 6 R i
fR S TSR A RGRI EAE, S 42 fh
BN N BN TE RIS “ 5 6 5 T MRS “07GY31”
T 50 N EE I 2 L R 5B 2 0 R o T R 1 1
SN AT LAV Ay R B RGN LRI 2N AN A RN =
TR, oo BN ON R RIS S R B 1 O B
7 OO RG BA R FPURIE SR R SRk
PR S IB U — M7 R, 22 2 AT 5t A K
B Pijx 5 Pigm/Piz-t {E R K B W L5y @& T A F 7
3 JEAETANFEME S8R, Piix 5 Pigm/Piz-t RE
JE A PEAE TR A T RE R B
33 REFEMSFRITEMNA

liEE S PN EAE R URVAST /a1 DO 3 R I
PR R U, R AR R i R & T
B S IR PP 5 v e AR R PR B R B R TT
AEo I RL A B 4= S B L A BB & i At 92 0
HIBA . DR A 7t 2 A B USSR I AR AL RE X 546 1
KRG BHIRREAT T EMP, X 22 MREMARE R
177 BB CH T, Mg 7 IRE R AR
X P misd, JEEIEat B T TR E
Rz, BE& T HIBIARER Hdl, FEIEIm UL A
Pita\ Ptr. Pib, HUEMRIER SCM2, KB GWS5.
GS3. GL7, r=®VEIRGL s gSB2. gSBS. qSBI0 %%
—RINTREY, BRI “hRR S ST EmdE

REXCSEIL T 00 7 BT FUEMR S R R
A e 22 9T LB BAAE MR BT RV h e s X
200 AR A7 AR AR ot A P 7 B 00 o A R a8 A
R AL b, RIS 6 5 Yt ik Piz FE[A 4T
o3 S5 s i D] 5 K i o 95 94 32 DR R AN R E B 1) 24
A AR W PURMEP T OGRS
DI it B M SR, A SR A 1B AN S B K]
BRI, M 1S SR IR Piz-t M1 Pigm 73
IRl Ee DR UWDRE I R L TR Y G = M ot i
£ 157 PE2).
34 Httb

5 RFEEAH, AKAEIEIR 72 BE S A E 7 [
IR G, I B IR B 5 A R R AR AN
FIVAINES 3PS R S 1PN R N S A N B N i
T2 F AR NRE RO RE AU T BRI, il
BRI K x5 e AR R R A R A
DRIV ER = A i b e A I11) 5 AT =N 7N
R TB) B R AR R Il LB F AR EH RS9
(clustered regularly interspaced short palindromic
repeats/Cas9, CRISPR/Cas9) Hi AN} “ZF 1317 K
Wi Pi21 BEAT € i, W E G 0R 7 RSN
Prik e bR AL B G Ak MEATE 7 A [ BA
if CRISPR/Cas9 £ ARAE “ HAH 88”7 Hh Xt & [A 1
Bsr-d1 #EAT 44, Q0] BN RARRR R0 AR R
b DX PR BRI R O I M R B Y A

B 5% 53 1 B3 3 CRISPR/Cas9 5 A 7] I 4 46 Pi21
Bsr-d1 Fl Xa5 &2 AN BT, Bl T TSRk
FER L, Ak, B RNGI I RNG3 HIZmR5 X e,
SRAZ (1 G R [X B8 0 G AR A e} 257 S BT 5% e o R 1
ARSI B e U DR, KRR R T O
K FEHUR 5T B PR AL T 8T 1 40 L R A
JR I

A 20234FVL A B ERIETHEMIX “FHFZ99” HIMPIHEI; B: 20205 LHAE M “&&/FE15” HIPUHRR
E2 “FH99” 5 “£&FFX1S” WHAERKBERM



53] H

T FE KTEDURB LR S DR e B S L 7 R N A et 563

4 (e SHkE

41 HE. BEMMERNS FINEBETEEFMR

I A1 e o PO R 3 B 22 IR 4K 2 R 1)
BRI, AR B AR P PR AR 22 B R I FEA
— 5, IR Z WU A A A R P e s T,
22 4 24y T 3% PH T AR AT A DR R AR AE R TR
BB A B AR F PR 5 L T RO
SR AT F B R U, BUR P 2 L
HYAT Pbl. Pijx. Pigm S5/%0 R FEREfgAT 07,
75 A RML R 2 e b B R T B3 A B R AR K
FEHEE & “IRBL9-W (Pi9)” H, ML T 1 I Jrs
Pi9 75 SRR A RIS S I T ) BB, XS
Re el “IRBLO-W” [k HA AR Y iR Al . Hayashi
26 W% B Ph 1 3t RECJE T J R 0 R IR T BE 2
PbI1 FJFRIE KA E IR AR K 2 T AR JEAE K
URAh, TS AR R AF A F P i s R B,
W OsGF14b @it K # & (jasmonic acid, JA) Fl7K#
R (salicylic acid, SA) 15 F & 1% IE s BUE B I 71
PR EE U
42 BEEESEHIMRERIEKFE

B Rl B R B R B FIAE T ONAS R A% 1 5 5
PG PR A 3 22 5, W Pid3-11 AEA [A) gt
FE1 5T R A H A B RGP bR R IR 0 4 P
MAE “TP309” 84 1 5% T WSk B o [ AR89 B
MRB I it b B, Pis4. Pita TERD. REEERI 4
I A, (B PS4 ANAERIARR R 5N R R
YEOKSF, T Pita WIFERERGTS 5t F A Byt ™
AN, FEFERGTS S N R A Pi2/Pil, HE AR
PESFZ 359 69.72% F1 46.43%, TWiERIFETE 5t F
FPUHE IR 2 9] ik 95.57% Al 83.33%%, H:
Al e SR R R AE AN R AL 1 5t OIE ARG 52 R ]
PUVE RN R R B AR R, Wi Fl “Kanto209” 1
SPETE 3 A Pol Ui T, SEPbI FANRE
B A B B
5 RE

R 7K ol 5 R R 7 T ok 1) 2 U 1 9
NI BRI ZH K S B8 s T R IR B e R s AR R
A, RIREIHET R FEDR /A7 R R B A R
T PORIE R IR AL B A T R R U B AR EL
BT ABGERE, BT 2R RA L LR R 45 )
AR 5, G ORGP e IR, R AR 2
Hil 27K R P R B OB R 3R . RRIELW B YR H ATk

AR E RN S 2R . B Bt
PEREDR /AL Sk = . U B RRCRAR. SO A R8s
B e S R, A R0 R AR DN R T R
Teo (1) JT FEAEIEL B FPRE A 57 20 M7, SE BT s A
BHAGR . ABRARARAL . T G5 AL T R —
] A T A M P A A ™ 52 ) R TR R R R o A £ 35
o R GUR AR B 32 B XA FH (8] 8 5 1A 1R Ak
WY A TR R A A S A, TR ik PR X 2 R
i, & BAG R U R (2) 0 R -
DL, DoRE IR TR SO - RS B A5
D02 7 4 A8 R AR . AL R AT T
DR G A rh R B MUK RE R R s . s AR
AR = MR R 5% .l I % 22 4 A 5008 1 2 A
S50, LR RS W, DR
TATRBE P AR o (3) IRl B4 5E » 298
SOREFT) R BEIA o PO Al B3 RS R DU A b
RO At, NS AT o B R N s v B i A
RITUR LS E, BT A TUME KR fh A R it
I B (4) BF FORE I W 5 KR8 BLAE 2 1
BL, R A R S PUEARUEXEEL. 27518
FH 22 AR RN FURE R T -5 /KR8 AR 1 73 1AL
Hl. WFERAL. A, EamAMRSHEZA
J2 T4 58 7K A5 TR I LA SR B R 7 AR S B A 42
SEDR, AR WU R OIS SR
(5) BT B REBLUE B AR SN, B R U
JUEHE AR A R E AR L Z5E TR E
TR EtE o fr, BT REBLUE & MR Sms,  BET
Bramr M DURSE 2 IR R T KR
il

(& % X #

[1] Devanna BN, Jain P, Solanke AU, et al. Understanding the
dynamics of blast resistance in rice-Magnaporthe oryzae
interactions. J Fungi, 2022, 8: 584

[2] Wang GL, Valent B. Durable resistance to rice blast.
Science, 2017, 355: 906-7

[3] Jha AK, Singh KM, Meena MS, et al. Constraints of
rainfed rice production in Eastern India: an overview.
SSRN Electronic J, 2012, 14: 71-84

[4] Ashkani S, Rafii M, Shabanimofrad M, et al. Genetic
analysis of resistance to rice blast: a study on the
inheritance of resistance to the blast disease pathogen in
an F; population of rice. J Phytopathol, 2014, 163: 300-9

(5]  FEws, XA, H35, 5. RO 7L & T
B s U . i IR, 2023, 49: 32-42

[6] 53O0, %, BET7, 45 R H 0 ARG o AR BN
i AR, 2020, 52: 111-4



B EY RS TN A

374

[11]

[12]

[20]

REHALL, XT3, R, 2. 20144 REIE0 5K 5 R 4
Ea BT SR R AR T, 2015, 35: 35-9

Sahu PK, Sao R, Choudhary DK, et al. Advancement in
the breeding, biotechnological and genomic tools towards
development of durable genetic resistance against the rice
blast disease. Plants, 2022, 11: 2386

Younas MU, Wang G, Du H, et al. Approaches to reduce
rice blast disease using knowledge from host resistance
and pathogen pathogenicity. Int J Mol Sci, 2023, 24: 4985

Li W, Deng YW, Ning YS, et al. Exploiting broad-
spectrum disease resistance in crops: from molecular
dissection to breeding. Annu Rev Plant Biol, 2020, 71:
575-603

McHale L, Tan X, Koehl P, et al. Plant NBS-LRR proteins:
adaptable guards. Genome Biol, 2006, 7: 212

Kourelis J, Adachi H. Activation and regulation of NLR
immune receptor networks. Plant Cell Physiol, 2022, 63:
1366-77

Ngou BPM, Ding P, Jones JDG. Thirty years of resistance:
Zig-Zag through the plant immune system. Plant Cell,
2022, 34: 1447-78

Liu ZQ, Zhu Y], Shi HB, et al. Recent progress in rice
broad-spectrum disease resistance. Int J Mol Sci, 2021,
22: 11658

Xiao N, Wu YY, Li AH. Strategy for use of rice blast
resistance genes in rice molecular breeding. Rice Sci,
2020, 27: 263

Deng YW, Zhai KR, Xie Z, et al. Epigenetic regulation of
antagonistic receptors confers rice blast resistance with
yield balance. Science, 2017, 355: 962-5

Hayashi N, Inoue H, Kato T, et al. 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, 2010, 64: 498-
510

Mal, 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 Intact, 2015, 28: 558-68

Wu YY, Yu L, Pan CH, et al. Development of near-
isogenic lines with different alleles of Piz locus and
analysis of their breeding effect under Yangdao 6
background. Mol Breeding, 2016, 36: 12

Wu YY, Chen Y, Pan CH, et al. Development and
evaluation of near-isogenic lines with different blast
resistance alleles at the Piz locus in japonica rice from the
lower region of the Yangtze River, China. Plant Dis, 2017,
101: 1283-91

Xiao N, Wu YY, Zhang XX, et al. Piix confers broad-
spectrum seedling and panicle blast resistance by
promoting the degradation of ATP B subunit and
OsRbohC-mediated ROS burst in rice. Mol Plant, 2023,
16: 1832-46

B, Bt TEr KREIURER LS o Fdt . B
[ RFE: A=A RbaE, 2022, 52: 1495-510

Li WT, Zhu ZW, Chern M, et al. A natural allele of a
transcription factor in rice confers broad-spectrum blast
resistance. Cell, 2017, 170: 114-26

[24]

[25]

[26]

[27]

[33]

[34]

[36]

[37]

Li WT, Chern M, Yin JJ, et al. Recent advances in broad-
spectrum resistance to the rice blast disease. Curr Opin
Plant Biol, 2019, 50: 114-20

Sha G, Sun P, Kong X, et al. Genome editing of a rice
CDP-DAG synthase confers multipathogen resistance.
Nature, 2023, 618: 1017-23

Wang J, Zhou L, Shi H, et al. A single transcription factor
promotes both yield and immunity in rice. Science, 2018,
361:1026-8

Gao M, He Y, Yin X, et al. Ca®" sensor-mediated ROS
scavenging suppresses rice immunity and is exploited by a
fungal effector. Cell, 2021, 184: 5391-404

Hu XH, Shen S, Wu JL, et al. A natural allele of
proteasome maturation factor improves rice resistance to
multiple pathogens. Nat Plants, 2023, 9: 228-37

FHELNI, RELHE, WYL, &5, BRI 25 K Pigm 5 A X %€
HIURE R B0 1A B IR A SR R PR AL R 2 24,
2016, 47: 520-6

HH KNI, #3730, 58, 5. R 2 Fhn o il Bk £k
R PK330 1R LR L. FE 7 ARl " 41%, 2019, 50: 1665-
70

WS, P&, B, . T C i B REE s R A
B &R Q211S FERM I IE. h E R =ik, 2018, 34:
135-40

Feng ZM, Li MY, Xu ZW, et al. Development of rice
variety with durable and broad-spectrum resistance to
blast disease through marker-assisted introduction of Pigm
gene. Front Plant Sci, 2022, 13: 937767

W, ATPERE, AR, . o FAric i Bk R
C8I5SIHIFERL M HUME. W R AR K22 24 (B AR BHA AR,
2018, 44: 62-5

Dai XJ, He C, Zhou L, et al. Identification of a specific
molecular marker for the rice blast-resistant gene Pigm
and molecular breeding of thermo-sensitive genic male
sterile leaf-color marker lines. Mol Breeding, 2018, 38: 72
Wang K, Fu C, Fu X, et al. Enhancing the blast resistance
of an elite thermo-sensitive genic male sterile line (TGMS)
Longke 638S and its derived hybrid varieties by
incorporating Pigm gene. 2024. https://doi.org/10.21203/
1s.3.1s-3908381/v1

Kumar SV, Srinivas-Prasad M, Rambabu R, et al. Marker-
assisted introgression of Pi-/ gene conferring resistance to
rice blast pathogen Pyricularia oryzae in the background
of Samba Mahsuri. Int J Curr Microbiol Appl Sci, 2019, 8:
2133-46

Kumar SV, Rambabu R, Bhaskar B, et al. Introgression of
durable blast resistance gene Pi-54 into indica rice cv.
samba mahsuri, through marker assisted backcross
breeding. Electronic J Plant Breeding, 2018, 9: 705-15
Jiang J, Mou T, Yu H, et al. Molecular breeding of thermo-
sensitive genic male sterile (TGMS) lines of rice for blast
resistance using Pi2 gene. Rice, 2015, 8: 11

Yang D, Tang J, Yang D, et al. Improving rice blast
resistance of Feng39S through molecular marker-assisted
backcrossing. Rice, 2019, 12: 70

AR, 2K ER, XIiEfe, 55 MASEH M RAIFEIRE &
‘E32° R LA S M FE S R V. AEARIT AT, 2017, 31:



5 BT S KAEDURGIE IR B R v B R L M R AT Al e 565

11-4+24 [59] Khan GH, Shikari AB, Vaishnavi R, et al. Marker-assisted
[417 ATHE, xIHEAe, MR, 5. 2 Fbric i Bk £ PiosE R £ introgression of three dominant blast resistance genes into

K R288 W R I fo k. YEVIHE 98, 2016, 30: 487-91 an aromatic rice cultivar Mushk Budji. Sci Rep, 2018, 8:
[42] e, R, XIMEE, 55 MASH Mk AR E Z2R747 4091

B AP RRIRIR L. 2> TR E Fh, 2019, 17: 3289- [60] Xiao WM, Luo LX, Wang H, et al. Pyramiding of Pi46

96 and Pita to improve blast resistance and to evaluate the
[43] BRI, ZR70H8, XIHES, 2. MAS B Ml RAIREIRE & resistance effect of the two R genes. J Integr Agr, 2016 15:

R599 [t H IR X R RERE S DU, 2% 58K A8, 2017, 32: 2290-8

61-5 [61] He Z, Xin Y, Wang C, et al. Genomics-assisted
[44] ZKIE, wfR, BIE, 5. 2 Fhric il Bk £ o R /K FE Mk improvement of super high-yield hybrid rice variety

52 ZR389 J H IR AT ARG itk bR =4, 2018, “super 1000” for resistance to bacterial blight and blast

33:112-8 diseases. Front Plant Sci, 2022, 13: 881244
[45] HIGWR, IVE A, sRIEHE, 25, 70 Fhric il Bk $EPigm & [62] Wu YY, Xiao N, Chen Y, et al. Comprehensive evaluation

IR B4 R RT3 5 AR G P 1. 0 R AR Mk R 2 2 4R of resistance effects of pyramiding lines with different

(HAREIERR), 2019, 45: 113-7 broad-spectrum resistance genes against Magnaporthe
[46] SkALEE, EMA, JEFEIR, 45, FIFH PigmIE K] 0 R OFERE (R oryzae in rice (Oryza sativa L.). Rice, 2019, 12: 11

FF R RGN PUIERT 7T, AR 4R, 2017, 31: 424-31 [63] RzM, HT, R¥E, & KILNIREARER itk
[47] FAK, £HG, FEE, 55 R IUERER Pi-khbrid T SR H AT, T EARL R, 2021, 54: 1881-93

REETIR BTN A. 2 THEYE M, 2022, 20: [64] Hittalmani S, Parco A, Mew TV, et al. Fine mapping and

1588-96 DNA marker-assisted pyramiding of the three major genes
[48] Ellur RK, Khanna A, Yadav A, et al. Improvement of for blast resistance in rice. Theor Appl Genet, 2000, 100:

Basmati rice varieties for resistance to blast and bacterial 1121-8

blight diseases using marker assisted backcross breeding. [65] Chaipanya C, Telebanco-Yanoria MJ, Quime B, et al.

Plant Sci, 2016, 242: 330-41 Dissection of broad-spectrum resistance of the Thai rice
[49] FNeE, FEME, FTHE, 55, 2 FhRichi B R & B P AIPi2 variety Jao Hom Nin conferred by two resistance genes

DS BRI € R ORI RS A 8 B MR BT AT W b Rk R against rice blast. Rice, 2017, 10: 18

2018, 57:23-7 [66] Chen X, Jia Y, Jia MH, et al. Functional interactions
[50] HHZLNI, BRI, $IVL, 5. D Fhric B a3 RS R between major rice blast resistance genes, Pi-ta and Pi-b,

T H BRI PUE. #R 2544, 2016, 30: 2096-103 and minor blast resistance quantitative trait loci.
[51] HEE, £, 5k, & KREE TIRE R RI0THIFE R Phytopathology, 2018, 108: 1095-103

RN R A GRS R, TGRSR, 2019, 32: 947- [67] Divya B, Biswas A, Robin S, et al. Gene interactions and

51 genetics of blast resistance and yield attributes in rice
[52] Khanna A, Sharma V, Ellur RK, et al. Marker assisted (Oryza sativa L.). J Genet, 2014, 93: 415-24

pyramiding of major blast resistance genes Pi9 and Pita in [68] Chen Z, Bu QY, Liu GF, et al. Genomic decoding of

the genetic background of an elite Basmati rice variety, breeding history to guide breeding-by-design in rice. Nat

Pusa Basmati 1. Indian J Genet Plant Breeding, 2015, 75: Sci Rev, 2023, 10: nwad029

417-25 [69] Xiao N, Pan CH, Li YH, et al. Genomic insight into
[53] K263, ABHA, 35, 2% MASSE & Pi9OFIPi49hT S B K balancing high yield, good quality, and blast resistance of

AT ROSSTHRRPLME. o FHEYE Fr, 2018, japonica rice. Genome Biol, 2021, 22: 283

16: 7372-9 [70] Van Schie CC, Takken FL. Susceptibility genes 101: how
[54] KK, BRAE, BIRE, 2. 2R LW R LR to be a good host. Annu Rev Phytopathol, 2014, 52: 551-

R IKOTORIRE IR FL e, Bl 22iE 4k, 2023, 68: 2812- 81

23 [71] k22 %. AKFGPi21FN OsBadh2 3L R g B 2 F 13111
(551 XU, ez, A, 5. FIH S FhRc Bt # RS TEIRIRHUIE S A R A B [D]. i #erh Rl oR 2%, 2016

JKFEGPi-ta, Pi-bFIPi-9FR. PG &ML 224R, 2021, 34: [72] Zhang Y, Lin XF, Li L, et al. CRISPR/Cas9-mediated

926-31 knockout of Bsr-dlenhances the blast resistance of rice in
[56] LiuY, Zhang F, Luo X, et al. Molecular breeding of a Northeast China. Plant Cell Rep, 2024, 43: 100

novel PTGMS line of WDR for broad-spectrum resistance [73] Tao H, Shi X, He F, et al. Engineering broad-spectrum

to blast using Pi9, Pi5, and Pi54 genes. Rice, 2021, 14: 96 disease-resistant rice by editing multiple susceptibility
[57] Peng P, Jiang H, Luo L, et al. Pyramiding of multiple genes. J Integr Plant Biol, 2021, 63: 1639-48

genes to improve rice blast resistance of photo-thermo [74] XuY, Bai L, Liu M, et al. Identification of two novel rice

sensitive male sterile line, without yield penalty in hybrid S genes through combination of association and

rice production. Plants, 2023, 12: 1389 transcription analyses with gene-editing technology. Plant
[58] Tanweer FA, Rafii MY, Sijam K, et al. Introgression of Biotechnol J, 2023, 21: 1628-41

blast resistance genes (putative Pi-b and Pi-kh) into elite [75] Ishihara T, Hayano-Saito Y, Oide S, et al. Quantitative trait

rice cultivar MR219 through marker-assisted selection.
Front Plant Sci, 2015, 6: 1002

locus analysis of resistance to panicle blast in the rice
cultivar Miyazakimochi. Rice, 2014, 7: 2



B EY RS TN A

374

[77]

[80]

[81]

(82]

Manojkumar HB, Deepak CA, Harinikumar KM, et al.
Molecular profiling of blast resistance genes and
evaluation of leaf and neck blast disease reaction in rice. J
Genet, 2020, 99: 52

Kumar V, Jain P, Venkadesan S, et al. Understanding rice-
Magnaporthe oryzae interaction in resistant and
susceptible cultivars of rice under panicle blast infection
using a time-course transcriptome analysis. Genes, 2021,
12: 301

Yan SJ, Liu Q, Naake T, et al. OsGF14b modulates
defense signaling pathways in rice panicle blast response.
Crop J, 2021, 9: 725-38

Inoue H, Hayashi N, Matsushita A, et al. Blast resistance
of CC-NB-LRR protein Pbl is mediated by WRKY45
through protein-protein interaction. Proc Natl Acad Sci U
S A, 2013, 110: 9577-82

XUB 55, HEAN O, 2RI 7R, &5, R Pi9FER (1 /KRG B L R
ZRIRBLO-WX RS0 B 2 TR e bk 4 22 e b
IKFERLE, 2021, 35: 303-10

Dong J, Zhou L, Feng A, et al. The OsOX02, OsOXO3
and OsOXO04 positively regulate panicle blast resistance
in rice. Rice, 2021, 14: 51

Yu Y, Ma L, Wang X, et al. Genome-wide association

(86]

[87]

study identifies a rice panicle blast resistance gene, Pb2,
encoding NLR protein. Int J Mol Sci, 2022, 23: 5668

Liu Q, Yang J, Zhang S, et al. OsGF14b positively
regulates panicle blast resistance, but negatively regulates
leaf blast resistance in rice. Mol Plant Microbe Interact,
2016, 29: 46-55

Xu X, Lv Q, Shang J, et al. Excavation of Pid3 orthologs
with differential resistance spectra to Magnaporthe oryzae
in rice resource. PLoS One, 2014, 9: €93275

Wu YY, Xiao N, Yu L, et al. Combination patterns of
major R genes determine the level of resistance to the M.
oryzae in rice (Oryza sativa L.). PLoS One, 2015, 10:
e0126130

Inoue H, Nakamura M, Mizubayashi T, et al. Panicle blast
1 (Pbl) resistance is dependent on at least four QTLs in
the rice genome. Rice, 2017, 10: 36

Wang W, Mauleon R, Hu Z, et al. Genomic variation in
3,010 diverse accessions of Asian cultivated rice. Nature,
2018, 557: 43-9

LiZ, Yang J, Ji X, et al. First telomere-to-telomere gapless
assembly of the rice blast fungus Pyricularia oryzae. Sci
Data, 2024, 11: 380



