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Abstract: [Objective] The Pi9 gene confers broad-spectrum resistance against Magnaporthe oryzae. Rice monogenic
line IRBL9-W carrying single blast resistance gene Pi9 is highly resistant to leaf blast during the seedling stage, but it is
susceptible to neck blast at adult-plant stage in blast nursery. It is important to analyze the mechanism behind the
reversion of resistance to Magnaporthe oryzae, which will provide important information for effective utilization of Pi9
in disease-resistant rice breeding program. [ Method] Eight single spore strains of M. oryzae isolated from neck blast
samples of diseased IRBL9-W, and one isolate Y363 were artificially inoculated by spraying at seedling stage to
pathotype their pathogenicity on 24 monogenic lines including IRBL9-W. Two out of eight strains and control strain
Y363 were further selected and inoculated on IRBL9-W at late-booting stage by injecting to evaluate their pathogenicity.
The alleles of M. oryzae AvrPi9 gene cognate to rice blast resistance gene Pi9 were amplified and sequenced with
AvrPi9-specific primers in nine strains. Total RNA of the rice monogenic line IRBL9-W in seedling and late-booting
stage was extracted from young leaf and panicle, respectively. The expression analysis of Pi9 gene was performed by
semi-quantitative RT-PCR and real-time qRT-PCR. [Result] The monogenic line IRBL9-W was completely resistant to
the nine M. oryzae strains at the seedling stage exposed to the artificial spraying. However, IRBL9-W was susceptible to
panicle blast when inoculated with both two randomly selected strains (YX2-7-1 and YX2-15-1) isolated from panicle
blast lesions of IRBL9-W, and the control strain Y363 by injecting inoculation at the late-booting stage. Compared with
AvrPi9, allelic sequence amplified from Y363 was identical to cloned AvrPi9, and the coding region of the other eight
strains isolated from IRBL9-W panicle blast was identical to AvrPi9 gene, except for a 16-bp deletion at —264 bp
upstream of the coding starting position in the eight strains. Given high resistance of IRBL9-W to these strains at the
seedling stage, we contended that this 16-bp deletion did not affect the function of AvrPi9 gene; qRT-PCR results showed
that the relative expression level of Pi9 gene in panicle was only 47.3% as compared to that in seedling leaves.
[ Conclusion] Compared with the relative expression level of Pi9 gene at the seedling stage in IRBL9-W, the significant
decrease of Pi9 gene expression level in panicle of IRBL9-W could be the cause of susceptibility to M. oryzae at
late-booting stage.
Key words: Oryza sativa L.; Magnaporthe oryzae; Pi9; seedling stage; adult-plant stage
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e I BB R AT I e L 1), T A A i)
DR [RII 3E4T 1 R AR (e A1) Sk B
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Table 1. Pathotyping of Magnaporthe oryzae strains on monogenic lines.

RIER R Pt TR E Mk Magnaporthe oryzae strains
Monogenic line R gene YX2-2-1 YX2-3-2 YX2-5-1 YX2-6-1 YX2-10-1 YX2-14-1 YX2-7-1 YX2-15-1 Y363
IRBLA-A Pia R R R R R R S S S
IRBLI-F5 Pii R S R S S R S S S
IRBLKS-F5 Piks S S S S S S S S S
KRBLK KA Pik S S S S S S N N S
KRBLKP-K60 Pikp S S S S S S S S R
KRBLKH-K3 Pikh R R R R R R R N R
IRBLZS5-CA Pi2 S S S S S S N N N
IRBLZ FU Piz S S S S S S S S S
IRBLZT-T Pizt R R R R R R R R R
IRBLTA-K1 Pita S S S S S S S S S
IRBLB-B Pib S S S S S S S S S
IRBLT-K59 Pit R R R R R R S S S
IRBLSH-B Pish S S S S S S S S R
IRBL1-CL Pil R R R R R R R N N
IRBL3-CP4 Pi3 S S S S S S S S S
IRBL5-M Pi5 R R R R R R R R R
IRBL7-M Pi7 S S S S R S N S R
IRBL12-M Pil2 S S S S S S S S R
IRBL19-A Pil9 S S S S R S S S S
IRBLKM-TS Pikm R R R R R R R S S
IRBL20-IR24 Pi20 R R R R R R R R R
IRBLTA2-PI Pita2 S S S S S S R S R
IRBL11-ZH Pill S S S S S S S S S
IRBL9-W Pi9 R R R R R R R R R
LTH S S S S S S S S S

R—Putk; S—EH.
R, Resistance; S, Susceptible.

Kobayashi N {8 - H2 () ANTVLHT A A st L 1
TP 24 AN AN [0 2 DR 0 B 2L ] R B o) HE s
I ANV E B B (LTH)(E 1), H T AR .
1.2 MHEZEMITEN

BRI R AT T U840 L8 AN /K AG s L (A
ZRIRBLY-W AR AR 1 1 20 1) 40 55 1 8 A e 97 AT H
O R (YX2-2-1, YX2-3-2, YX2-5-1, YX2-6-1,
YX2-10-1, YX2-14-1, YX2-7-1, YX2-15-1) L S %} &
FRY363EPDAR; 775 G b & 244 FE R %
R K RLTHER M 2 e, fElREAS % T
BEHFME LR 12 cmx18 ecmx5 cmZBEL B H &N,
BEEFRIESHL, WIRER; P84T L KRERAF &
MG TPDARME R 7228 b, fE/KFEH R #EFT7 d
J& o A P B R A T e B IR A b RpKRE T
KA 3.5 I, SR FH IS 25 Pl ol B A R R 2 ol 42
MR ISR R b, 7dEAEPUR MR,
FEJEL IR T 5 5% . B K AT 7 vk S T i 2
BT
1.3 KFEFETURZEMITMN

IR E K KRR R IRBLO-W 4R TE i

N 25 cm, BN 30 cm B[R 2 AR ER
AR 5 1. MR IRBLO-W K E AR
IR, A REEL 15 PRZARECR IR R AE MR, 4
F g5 FH T R B YX-2-7-1, 2016YX-2-15-1 fI
Y363 [t AR 1 mL 2SS 2R S
ST L ER 8T E N | mL AT B I = S
15 B FEBARR A VS 1 mL AN RS0 1 9 T 1
TR 0 S KRB AR OB TR B IR A
(IKEDA)H 25°C BHERE 7% 24 h, ZJEHB R IR =%
SRREFR, 4 A JEEHATHEUE PR R B 1 TR
Je A B ) ) 2% R R S s A AR ES I
Vi =
1.4  AvrPi9 EE R PCR #50

R B LR ArPi9(CE R 5 A
KMO004023.1) 1551, FIF Oligo 7 #AF43 B4 L 4f
01 LT 661 bp K2 IEBMF R iF 137 bp Ak
T3 AvrPi9 BIRER S, TR BKE N 1141
bp, 5l W F % N AvrPi9F, 5-GGTCCACTGCT
CCATCTTGTTTG-3'; AvrPi9R, 5-CCCTTCTGCGC
ATTACTGATACC-3'. @it PCR ¥ 44 9 MR
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BRE T 25 AL BE R, 3% PCR 47 39 7= gk A7 I 5 4
BT TR0 R AR 2 5(FF | mL 8537555 10 g
FEFE. 2 g KHoPO,s 2 g BEREKD)IE 25°C TR R 4 d,
WA T 22 Ji5 ] U DNA 2GR &3k 1T DNA 142
B . Fr 6% i+ (NP8O Touch, IMPLEN )G I ik
B, FFECHIHRE N 10 ng/ul i) DNA T/E#. PCR
G B R BiAA 2 25 pL, Hrh &4 2xEs Tag mix 12.5
uL. 10 pmol/L AvrPi9F 514#J 1 pL. 10 pmol/L
AvrPi9R 54 1 uL- 10 ng/uL 4 DNA 1 uL, ddH,0
9.5 uL. PCR ¥ #47E C1000(Bio Rad) LT, PCR
P RN AR 95°C FHiAEME 3 min; 95°C
TAEME30s, SSCTFIBA30s, 72°C LM 90 s,
I 32 ANMEIR; & 72°C FIE{H 5 min. PCR 471
FEPIEL 1.5 pl 7E 1% BRapEEeiR itk a7 K1 fik
FERT (B 2), AR IR AT .
1.5 251 % cDNA HE M A¥EE RT-PCR

% M OminiPlant RNA Kit(DNase I) 2 B
IRBLY9-W i #IH: A 2 R R HHAE A4 21 1) A RNA
A1 pg M I A AR A U 5 RNA, A
FH ¥ 5% 557 & (PrimeScript™ RT reagent Kit with
gDNA Eraser, TAKARA)FRYE U6 BH H A EREAT 28 1
B cDNA &%, RBEAFIN 20 uL, MR
JE NN 20 pL (KBB4 AR 55 1 4 cDNA Ml 2%
. & & RT-PCR FIH Pi9 HIFER 514 NBS2-G
AINBS2-H #ATH 38, FFLA dctinl AN SEEH,
WZE N IE R 51 Y8 5'-CGTCTGCGATAATGGA
ACTGG-3', &IF51%R 5'- CTGCTGGAATGTGCT
GAGAGA-3"P% 43 5 L - P RS 8 4 4338 3 53 11
cDNA JHEHR, #47F €& RT-PCR §1#; PCR ¥~
W) [ SiAk 2 20 uL, Hoh & 2xEs Tag mix 10 pL.
10 pmol/L IE[AIGI# 1 puL « 10 pmol/L JZIA514) 1
uL . BEH cDNA 1 pL, ddH,O 7 pL, PCR § #87E
C1000(BioRad) L ##17, PCR ¥ 14 Actinl FEK )%
NAEIRECN 22 A, Y1 Pi9 F K 1) [ S AE IR EL53 )
N 25, 28, 30 33 4% PCR %&F1F: 95°C Kl
A5k 3 min; 95°C 481 305, 62°C FiE-k 405, 72°C
NEEAH 1 min; A ZEMH 5 min. PCR ¥ 38 =4HL 3
uL 75 1% 13 HEBE R AT ZK-F KA I o
1.6 SEAT qRT-PCR &3

SR FH R THD 48 08 1) 77 3 W B e R AR 4 Y
[F15 RNA A HCE 185 cDNA, SRJEH 2 ul 55 1 4%
cDNA N RAERHR AT QRT-PCR. 1 Pi9 {15]4)
4145 NBS2-G/NBS2-H, Actinl HNSFHER, %
il SYBR Green iX7(iTaq"™ Universal SYBR Green
Supermix, Bio Rad), % 3 {XE KX, qRT-PCR # 1
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TESERT 56 & PCR il &% 4(Bio-RAD CFX96
Real-Time PCE Dection System) I i3 17 43 #7 -
qRT-PCR 1A%~ 20 puL, &4 2xSYBR Green
Supermix 10 pL, ¢DNA 44 2 pL, 10 pmol/L H1E
KI5 ¥4 0.6 uL, ddH,0 6.8 pL. qRT-PCR %14
WIR: 95°C AN 30s; 95C FAEM: S5s, 62°CF
IBKIE 60 s, FLHEAT 40 NMEIF,

2 R0

2.1 KIEHEEERIRBLI-WE R = H HAfnfEHA:
FhiEE ST

FH CATR VL 8T A 2 47 st A% 15 5 (19244 /K Fe B
BRI &R, 1E3.50 BASE Rl FaR ORI i B Ak, 7
diF B R, BEMg R EIREED, RO HERT
ot HE B it Fob N VLT A AR R, R IR 9N 1
PRI B A EOm e, AN A B L R R R L
ANFERIPUR R MR, BURKRM S 2. T
B LR RIRBLO-WTE T X0 4% 394 T MR 35 R I i
Wi, RN REA 5 PUm SE K Pigxt B (1) o 8
F R AvrPi9.

I B AT 32 B 24 0 55 AR S0 o A 1) £
FERR(YX-2-7-1R1Y X-2-15-1) S A BB #R Y 363, 7E7K
T 2 AR I 38 s 3 S 402 b 10 T 92 2 R 15 B
FHo SRR, BRI B B VR A R R A
=, TEREAR. FEER2, E1-A~C), KPR
15 FH 993/ R T 0 A1 TR PR B R D 1R e A i, 5]l
I B AR o T AS B R B 1 A B P v o 1)
15HRIRBLO-W I AES R WARATREAR , R EIA S T
AR F P 0 AL AR 1) IE 5 AR A S
2.2 AvrPi9EEREG N KM 43+t

B8 UE T A B0 1 I E S AT HEWT O B AR I
HAvrPi9FEH 25 8, RIS AvrPi9FE [ 7 41 %
THIRE 5 51 0% IR 94 B ff B bR 1E AT PCR T3,
PCRF=HIAE %o I B i A 0 A L VAT I, SR A — 2%
FEVEYT I I 5 U 4 B K/ A B SR (B12);
PCRE=HIIN 7 40 BT 45 2R B, Y363HH ¥ )7 51 5
AvrPi9F 75 58 4= AR A, 11181 IR BLO-W /B ) A
I8 B 7 25 1 8 A B B ok 11 3 B AE R TR (1) 2 Y
X 5AvrPi9RI5E M F, (HAEAvrPi9ZRAS UG 1L 1T
(ATG) L3iF-264~-279 bpfii B 16 M FLGR . 45
A HT IO HE AR BEFHIRBLO-WH A E R, R IHIX16
bp 51 [ i 2 5t 4vrPi9FE R I Th BE I AT B o
2.3 FTEERT-PCREKXDHT

idE— 25 43 B Pi9 L DR TE T AR BSObR BA B 1 e
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Table 2. Investigating results of panicle blast of IRBL9-W inoculated with three M. oryzae strains at late-booting stage.

FEJEL IS T R RIFZ A Disease scores
M. oryzae strain 0 1 3 5 7 9
YX2-7-1 0? 0 0 1 1 13
YX2-15-1 0 0 0 0 1 13
Y363 0 0 0 0 1 14
7 AR I CK 15 0 0 0 0 0
SRR P AN SRR B AT B

* refers to the number of plants; ° refers to inoculation solution without M. oryzae spores.

'lﬁ'
e e

A~C—1IRBLY-W #RM Btk YX2-7-1. YX2-15-1 Fl Y363 7EZARUAHAMAER; D~F—IRBL9-W (/) FINNVLHH RS Ch) Wil Eik Yx2-7-1.

YX2-15-1 1 Y363 J& RIAEIR o

A—C, Symptoms of monogenic line IRBL9-W inoculated with M. oryze strains YX2-7-1, YX2-15-1 and Y363 at late booting stage, respectively. D—F:
Symptoms of monogenic line IRBL9-W (left) and Lijiangxintuanheigu (right) inoculated with M. oryzae strains YX2-7-1, YX2-15-1 and Y363 at seedling

stage, respectively.

B 1 BEFEZR IRBLI-W ZiE K 8 5 S HET AU E R

Fig. 1. Symptoms of monogenic line IRBL9-W inoculated with M. oryzae fungus at late-booting stage and seedling stage.

M2 SRR R, SR A 2 S RT-PCRX P 25 K Pi9
A R R BRI R (1) R IE AT AT, BhActind
REENNSER. GRER, 4 #8222 MEH
i, WSEERPIREEREAME], Hy b=y iy
() 52 P AR 5 T Pi 92 IRl ) R TA 75 B RN 2 5 MG IR A
Refarill 2, HFEEER LG IMPCRY 34 =¥ (1) 5%
W MBH, 25 5 — 0 KA A 2R 1) R IA 2 B
EACFH B AR P RIEE(E3-A). 545
IRBL9-W(Pi9)7E B A4 I PUi R A, 2K B
B AR 3] 1 B RIS TRBLO-W I B BRI 11 s 7,
3 B Pi 93 125 5t 11 B A1 2 SRR A 1) S A
2.4 SERTQRT-PCR 145

D8 UE A DU PiOTE Vi B J RRR B R IR 1K 2% 5
I i S 5 % E B qRT-PCR#E— 5K 7 PioJk [l
FEPG NI I A S . 45 BRI, Piofe v I
2 2L R A 4 41 (1) R 0 B A S AT A R 3

S, T H AR A 2 Rk =AU B I A 2
47.3%(Kl3-B); diFit—Buiid, HPiokkA R IA
ERE W RIEENIT47.3%N, HEkCAGEILE R
W7 A R L T TRV G

M 1 2 3 4 5 6 7 8 9

2000 bp

1000 bp
500 bp

100 bp

M—DNA 4 FHbRid; 4 1~9 4 3 46 RR M 08 B Ak YX2-2-1,
YX2-3-2, YX2-5-1, YX2-6-1, YX2-10-1, YX2-14-1, YX2-7-1, YX2-15-1
Y363,

M, DNA molecular marker; DL2000; Lane 1 to Lane 9 refer to YX2-2-1,
YX2-3-2, YX2-5-1, YX2-6-1, YX2-10-1, YX2-14-1, YX2-7-1, YX2-15-1
and Y363, respectively.

E2 FREEMFArPi9RII 5

Fig. 2. Amplification of AvrPi9 from different M. oryzae

strains.
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25 MG 28 UK TEHA 30U AEHR 33RMEA 22U MEER 215
25 cycles 28 cycles 30 cycles 33 cycles 22 cycles i _g

P L P L P L P L P -2
KA
®2

pio Pio Pio Pio Actinl 500

3 1 B
Panicle Seedling

A—Pi9 B[R 58 BT MBSO IR (P) K v I (L)1l 45 ) cDNA FAAE PCR BEAREATH 1Y, Actinl FATENZ R B—SEI 56 & RT-PCR
LA Pi9 FEDRITE B AR ) ik B .
A, Expression analysis of Pi9 gene by semi-quantitative RT-PCR method. The cDNA prepared from panicles (P) of adult plants and seedling leaves (L) of

IRBLY9-W carrying Pi9 gene was used as template for PCR amplification, with Actin I as reference gene; B, Comparative analysis of relative expression level

of Pi9 gene in panicle and seedling leaves of IRBL9-W by real-time quantitative RT-PCR.

3 Pi9 EERIFRIESHH
Fig. 3. Expression level of Pi9 gene.

3 TR

TE KRB PRI 9 5 R (RO 72 b R B, R 2
IR SR/ R PR SER/QTL X i AR I bt
PER I IEAH DU 13 141090 {F A5 K R it Pt 1 2 [
[ S R R I SR ORU . 0 PhT KA
BRI, (BRI A K B B T 2R R I
FIETIR LR, TR IE T Zhong156 1) Pi24(t)
FE DR Re A AR BRI B IR 92-183 [HHEAR 4y, H
ANBERH R AR AR G, RO BUE R R i AR
MIPHEAFEZE T . KEM W R AR, P9
TEF I R B T i Bk ARWFFRRIA 3 A
IR 05 BT PR PR TE S AR A R I IRBLO-W R I H
SR B RER , ZRBH Pi9 DN E AR R RE A% 1T 1
—FERIUH RIFIIPURAE S, 11 Wu S50 701 555
(Rl R R B e I AR R 0 Pi9 JE (R FE Vi B IR T
PEL TR IR B R 20, ARt it — 0 R0,
S R RE B L, Pi9 FERTERE
ML AN RIS BN T A 7 H L1 47.3%, K
B Pi9 JEPHERIA & K T2 IRBLO-W LS,
0 33E — 25 150 B 2 8 2R T 1 70 1k 35 R 6 20 31—
EMRIBFEE G A G BIRPIRERE IR . H
R B0 25 DR 7 1 B A 41 435 el A s 4 41
FRILEE LU IRIE A% - Hayashi 5 R BT TH I Ph1
T RE BT RO B, (HE i Rk mpr R
FIL BN AT LU S PhI XHHHR AIHTED, DA
W R B R SR IS R Pic4 FERIER L
TP AR R0, TR T AW A Pi9 B
IR 76 AR S 2 T R AR A U R IA 2 Ly
Wint 1 ZARIA BARIHEIS o XA [R5 IR )
NBFTE, it B R R IEE SR 2
[ IOR FR, 30 T Rk B br #0 5L DR T R R e

PEB M A R e 3R

TR 5 TR TG 25 55 DR R RS 7 4 A N/ Ok e
VA -/ I S B PR T TR 4 N T S5 BT #E B TR T e
e, TS A4 J0 25 25k BRURH B B0 6 1R (1) it P
PLHERREY . FEARR AU, 4B H IRBL-W &%
(1) 8 AR ST BE 1 B A R R P AvrPi9 B DR 7E H gt
X _Lii#—264~-279 bp B KA—E 16bp (TCTCC
TACACTGGGGC) /7 ¥ k2K, (A5 X 531 A K
AEATA AR, H B8R IRBL9-W K, IRBL9-W
FKIUNPUOR N, 78 IRBLO-W  Z AR v 5 42
i, IRBLO-W JE&ULEIUE, 55 G568 AvrPi9 5
BRI B PR Y363 RILHAHFMZE R, KIGmILIX I
JEIX 16 bp MR FEA FEMIX LE B ik AvrPi9 1) 1E
W IIRE .

FE/KFEBURGIR o & P, ) BH B FH A A 22 BR G
I AR A DU E A I R AT P RN R A& B M
ek, Jnak, HTPUREER Pi9 fEE AR
I U R R T AR KRR B o T B AR
LB, TAHT TN ) Pi9 AN PURRIE i), IX
Y ] 5B 4R P9 ik R U AR O B I 4
TRk BRCRAT ISR R Pi9 FERI DL K
HAbprivE Gy HUE AR, DR T
Lk, 5 Pi64. Pbl FXRF MRS, LLEF BT,
R BT Al T SRR AU . el R
Pi9 FEDRTE ROk B 3Rk &R m AR iR )
T B PR R I )

AT T8 R I G A SR 1D 95 BE L 0 ) B
6L B R R 3 W PiOFE DR G I R (1 LR S L VAT
W5 25 R 487 H Pi9FE RITE W PR AE A DU
TESEBRA =, 7 vE AT B T A p P 2 (R T
FALMIWE T, DAIE /R 2 U 2R R 2 15 R RE A7 7R
M, AR ZE R, DO AR FEEE
FIPEM IR IS SIS,



XUBE 5555 75 Pi9 FER 1 /KRG 5 E R 2R IRBLO-W %o RE I3 B 7E 17 IR ek ST 1 1y 222

SE WK :

(1]

[12]

[13]

[14]

Couch B C, Kohn L M. A multilocus gene genealogy
concordant with host preference indicates segregation of
a new species, Magnaporthe oryzae, from M. grisealJ].
Mpycologia, 2002, 94(4): 683-693.

Wilson R A, Talbot N J. Under pressure: Investigating the
biology of plant infection by Magnaporthe oryzaell].
Nature Reviews Microbiology, 2009, 7: 185-195.

Savary S, Willocquet L, Pethybridge S J, Esker P,
McRoberts N, Nelson A. The global burden of pathogens
and pests on major food crops[J]. Nature Ecology &
Evolution, 2019, 3(3): 430-439.

Sesma A, Osbourn A E. The rice leaf blast pathogen
undergoes  developmental  processes  typical of
root-infecting fungi. Nature, 2004, 431(7008): 582-586.
Skamnioti P, Gurr S J. Against the grain: Safeguarding
rice from rice blast disease[J]. Trends in Biotechnology,
2008, 27(3): 141-150.

Dean R, van Kan J A L, Pretorius Z A, Hammond-kosack
K E, Pietro A D, Spanu P D, Rudd J J, Dickman M,
Kahmann R, Ellis J, Foster G D. The top 10 fungal
pathogens in molecular plant pathology[J]. Molecular
Plant Pathology, 2012, 13(4): 414-430.

Puri K D, Shreshta S M, Chhetri G B K, Joshi K D. Leaf
and neck blast resistance reaction in tropical rice lines
under greenhouse condition[J]. Euphytica, 2009, 165(3):
523-532.

Flor H H. Current status of the gene-for-gene concept[J].
Annual Review of Phytopathology, 1971, 9(1): 275-296.
Silué D, Notteghem J L, Tharreau D. Evidence of a
gene-for-gene relationship in the Oryza sativa-
Magnaporthe grisea pathosystem[J].
1992, 82: 577-580.

Jia Y, McAdams S A, Bryan G T, Hershey H P, Valent B.
Direct interaction of resistance gene and avirulence gene
products confers rice blast resistance[J]. The EMBO
Journal, 2000, 19: 4004-4014. https://doi. org/10.1093/
emboj/19.15.4004 PMID: 10921881.

Ebbole D J. Magnaporthe as a model for understanding

Phytopathology,

host-pathogen  interactions[J]. Annual
Phytopathology, 2007, 45(1): 437-456.

Kalia S, Rathour R. Current status on mapping of genes

Review  of

for resistance to leaf and neck-blast disease in rice[J]. 3
Biotech, 2019, 9: 209.

Zhuang J Y, MaWB, WuJL,ChaiRY,LuJ,Fan Y,
Jin M Z, Leung H, Zheng K L. Mapping of leaf and neck
blast resistance genes with resistance gene analog, RAPD
and RFLP in rice[J]. Euphytica , 2002, 128: 363-370.

Ma J, Lei C, Xu X, Hao K, Wang J, Cheng Z, Wan J.
Pi64, encoding a novel CC-NBS-LRR protein, confers
resistance to leaf and neck blast in rice[J]. Molecular

[15]

[18]

[22]

(23]

309

Plant-Microbe Interactions, 2015, 28(5): 558-568.

Fujii K, Hayano-Saito Y, Saito K, Sugiura N, Hayashi N,
Tsuji T, Izawa T, Iwasaki M. Identification of a RFLP
marker tightly linked to the panicle blast resistance gene,
Pb1, in rice[J]. Breeding Science, 2000, 50: 183-188.
Chen J, Shi Y F, Liu W Z, Chai R Y, Fu Y P, Zhuang J Y,
Wu J L. A Pid3 allele from rice cultivar Gumei 2 confers
resistance to Magnaporthe oryzae[J). Journal of Genetics
and Genomics, 2011, 38: 209-216.

Hayashi N, Inoue H, Kato T, Funao T, Shirota M,
Shimizu T, Kanamori H, Yamane H, Hayano-Saito Y,
Matsumoto T, Yano M, Takatsuji H. Durable panicle
Pbl
CC-NBS-LRR protein and was generated by acquiring a

blast-resistance  gene encodes an atypical
promoter through local genome duplication[J]. The Plant
Journal, 2010, 64(3): 498-510.

Fang N, Wei X, Shen L, Yu Y, Li M, Yin C, He W, Guan
C, Chen H, Zhang H, Bao Y. Fine mapping of a panicle
blast resistance gene Pb-bdl in japonica landrace Bodao
and its application in rice breeding[J]. Rice, 2019, 12(1):
18.

Wang R, Fang N, Guan C, He W, Bao Y, Zhang H.
Characterization and fine mapping of a blast resistant
gene Pi-jnwl from the japonica rice landrace
Jiangnanwan [J]. PLOS ONE, 2016, 11(12): e0169417.
doi: 10. 1371/journal. pone. 0169417.

Qu S, Liu G, Zhou B, Bellizzi M, Zeng L, Dai L, Han B,
Wang G L. 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[J].
Genetics, 2006, 172(3): 1901-1914.

Liu G, Lu G, Zeng L, Wang G L. Two broad-spectrum
blast resistance genes, Pi9(t) and Pi2(t), are physically
linked on rice chromosome 6[J]. Molecular Genetic and
Genomics, 2002, 267(4): 472-480.

wUA, KER, BAFE, SEE, EAK, #EF
BRF, HZE, & R, XA, S5F, Eil, BRE
JIRERS. BIEILAE R B A BN Rl B ) 3 R i 5
PO B PRI [J]. 1EY2EHR, 2011, 37(1): 18-27.

Lei C L, Zhang G M, Cheng Z J, Ma J T, Wang J L, Xin
A H, Chen P, Xiao J L, Zhang X, Liu Y X, Guo X P,
Wang J, Zhai H Q, Wan J M. Pathogenic races and
virulence gene structure of Magnaporthe oryzae
population and rice breeding strategy for blast resistance
in Heilongjiang Province[J]. Acta Agronomica Sinica,
2011, 37(1): 18-27. (in Chinese with English abstract)
HANDE, ERE, XIWT7, MR, AR, BEd. =
T A8 LA TR R A X R 70 B0 R % A B0 1 7
Br[J]. FaRALZAAR, 2012, 25(2): 467-473.

Dong L, Wang Q, Liu S, Zheng F, Li X, Yang Q.
Pathogenicity  analysis

of  Magnaporthe oryzae

populations of Yunnan on monogenic lines for resistance



310

(24]

[26]

(28]

to rice blast[J]. Southwest China Journal of Agricultural
Sciences, 2012, 25(2): 467-473. (in Chinese with English
abstract)

FESCIR, 75, MR, FAEE, RIS, IR, BRI,
NIRRT TT8A A ARG AL A ) R W 1 0 B A ]
RN R ELL R, 2018, 51(24): 4633-4646.
Wang W J, Su Q, Yang J Y, Wei X Y, Chen K L, Chen Z,
Chen S, Zhu X Y. Analysis of Magnaporthe oryzae
avirulent genes in the infected hybrid rice combinations
derived from a sterile line of Guang 8A[J]. Scientia
Agricultura Sinica, 2018, 51(24): 4633-4646. (in Chinese
with English abstract)

Wang J C, JiaY, Wen J W, Liu W P, Liu X M, Li L, Jiang
Z 'Y, Zhang J H, Guo X L, Ren J P. Identification of rice
blast resistance genes using international monogenic
differentials[J]. Crop Protection, 2013, 45: 109-116.
XKTT, BFER, INIE, XFEH, 5B, KEE, B
LLHA. JKFE R AR IR 4 8 B[], REER RS,
2007, 13(4): 55-58.

Liu S, Yang X, Sun S, Liu C, Wang Y, Zhang C, Gu H.
Identification  technique of rice resistance to
Magnaporthe grisea[J). Tianjin Agricultural Sciences,
2007, 13(4): 55-58. (in Chinese)

Wu J, Kou Y J, Bao J D, Li Y, Tang M Z, Zhu X L,
Ponaya A, Xiao G, LiJ B, Li CY, Song M Y, Cumagun C
J R, Deng QY, Lu G D, Jeon J S, Naqvi N, Zhou B.
Comparative genomics identifies the Magnaporthe
Avr-Pi9  that
Pi9-mediated blast resistance in rice[J]. New Phytologist,
2015, 206(4): 1463-1475.

WuYY, YuL,Pan CH, Dai ZY, Li Y H, Xiao N, Zhang
X X, Ji HJ, Huang N S, Zhao B H, Zhou C H, Liu G Q,
Liu X J, Pan X B, Liang C Z, Li A H. Development of

near-isogenic lines with different alleles of Piz locus and

oryzae avirulence effector triggers

analysis of their breeding effect under Yangdao 6

[29]

[31]

[32]

[33]

rF E KRB RS (Chin J Rice Sci) 55 35 3855 3 (2021 45 H)

background[J]. Molecular Breeding, 2016, 36: 12.
WuYY, Chen Y, Pan C H, Xiao N, Yu L, Li Y H, Zhang
X X, Pan X B, Chen X J, Dai Z Y, Li A H. 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[J]. Plant
Disease, 2017, 101: 1283-1291.

Collard B C Y, Mackill D J. Marker-assisted selection: An
approach for precision plant breeding in the twenty-first
century. Philosophical Transactions of the Royal Society
of London: Series B, 2008, 363: 557-572.

REE, S osn, 240, WA, TCH, Mol F
F o> FhRic il Bhik B R A K B E R Xa2 1 F1Pi9) (7).
ST HEYE R, 2005, 3(3): 329-334.

NiDH, Yi C X, Li L, Wang X F, Wang W X, Yang J B.
Pyramiding Xa21 and Pi9(t) in rice by marker-assisted
selection[J]. Molecular Plant Breeding, 2005, 3(3):
329-334. (in Chinese with English abstract)

BARHT, EWoe, ik, AR, &R, S,
AR, PRI IR R Pi9f STSIE BRI TT R K AE 7Y
TARICHE B A AR RO 0], EKRE R, 2011,
25(1): 25-30.

YinDS,XiaMY,LiJB, Wan BL, Zha Z P, Du X S, Qi
H X. Development of STS marker linked to rice blast
resistance gene Pi9 in marker-assisted selection
breeding[J]. Chinese Journal of Rice Science, 2011,
25(1): 25-30. (in Chinese with English abstract)

PREER, fT&5E, BCERL, HORNI, 2N, £%. 2T
1 4 B B B OBUBT R A IR 2 SRR R
(1. 5 TP E R, 2009, 7(3): 465-470.

Chen J M, Fu Z Y, Quan B Q, Tian D G, Li G, Wang F.
Breeding hybrid rice restoring line with double resistance
to rice blast and bacterial blight by marker-assisted
selection[J]. Molecular Plant Breeding, 2009, 7(3):
465-470. (in Chinese with English abstract)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


