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Distribution of Eight Rice Blast Resistance Genes in indica Hybrid Rice in China
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Abstract: [Objective] The cloned rice blast resistant genes, Pil, Pik-p, Pik-h, Pi2, Pi9, Piz-t, Pita and Pii, which
showed broad-spectrum blast resistance in different rice growing regions, have been widely used in rice breeding for
blast resistance. To clarify the distribution of these genes in hybrid rice in South China, [Method] the genotypes of
resistance genes Pil, Pik-p, Pik-h, Pi2, Pi9, Piz-t, Pita and Pii in 328 hybrid rice combinations were detected with
functional markers. [Result]The distribution frequency of Pita and Pii was the highest, reaching 84.76% and 67.68% in
the tested rice combinations, respectively; followed by Pi2 and Pik-p with the proportion of 22.87% and 13.72%,
respectively; Pil, Piz-t and Pik-h had the lowest distribution frequency, accounting for 5.18%, 3.35% and 2.13% of total,
all of these varieties didn’t carry resistance gene Pi9. The number of blast resistance genes detected in hybrid rice
combinations were at most four. The resistance evaluation showed that the frequency of resistant varieties rose with
increasing number of resistance genes in hybrid combinations. In a hybrid combinations with four resistance genes, the
distribution frequency of resistant varieties was 91.67%. Blast resistance contribution assay of the eight resistance genes
revealed that Pi2 and Pil displayed the greatest resistance contribution in the local rice in South China, followed by
Pik-h, Pik-p, Pita, Pii and Piz-t. [Conclusion] This study provided a scientific basis for the rational distribution of
resistant varieties with different genotypes in South China.

Key words: hybrid rice combinations; resistance gene; rice blast; genotype analysis; molecular marker

B = [HM] SRR PUERR Pil, Pik-p. Pik-h. Pi2. Pi9. Piz-t. Pita. Pii XA [FIFEX [ REER
BRI W MBUE, # N A TKRBYURIEE M. T B R UL R A e R R X AR R AL R IR A1 K
HAGMPORE R, Uk A BiE 8 MURZER T Rersid, WHERT 328 M4l HHAT T hm AR 7Y
aFRnll. (4R Pt Pita F1 Pii oA, 7EMNAA G A 2 018 84.76% 5 67.68%; HKZ
Pi2 5 Pik-p, 450 22.87%5 13.72%; A tHARRAKIZ Pily Piz-t #l Pik-h, 435124 5.18%- 3.35%%5 2.13%,

0 ) S PP AR A PP RE R Pi9. FERANATRAL A, M MPUR R w2 L 4 4. PURMETEI 25 R R
W, Qe T4 & TR BT S R R 2, SERIIUA P S PR IR e s B 4 DN PUR R AR fa A &4,

PO PP T A7 EEHIE 91.67% . B AR BURIE R 41L& R I A FACEPUm M, o Pi2 5 Pil X 42 rfaE X F
JEIR HOR M Bk ok, FLAHUR FE IR I BTk K /MK X Pik-h. Pik-p. Pita. Pii 5 Piz-t.  [45181 A#F5T 04
AT DX A ACREHUIG st Pl 35 DR 24 110 5 3T ) DA AP BE DT 1) B 1t 77 R 4440

KR FACRALS PURSER ROER s SERALMT 4T AR

FE>ZES: S435.111.471; S511.034 XERARIRED: A XEHS: 1001-7216(2017)03-0299-08

/KFE(Oryza sativa) /& 5 B ZEMRE/EY),  AERCEHUL LA H DR el difd

Wi EE: 2016-07-26; &R EIBER: 2016-11-05,
BEE£WH: EXRESHIEITRIE (2016YFD0300700); |~ ZR4 BHE VR % B0 H (2015B020231003; 2016B090918116;2016A050502030);
FE SRR AR 2R 98 W5 H (CARS-01-24).
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B, I PI9 ML AFIX B RIE 0 B I HH T 1T
PEo BRI, B RS 73 A8 X AR i b ) P 2 A
RUTSANIE T, AR M S5 &7 ES s e

RO EA, - 2 B e = e DR R s A7 2 A R 152 AR

&4, Tl Pib. Pi9. Pi2. Piz-t. Pik.
Pik-p. Pik-h. Pil. Pita. Pii. Pi50 il Pi64 2 26
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Pita. Pii % 8 MU EE R DIRENE 2 Fhrid, X1E
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B R DX U0 A R 16 BEAT JR M 3 — 20 0k R Y
(FIPUIR A FEL A PR -

1 MRS Tk

1.1 EYwrH

AW T AR HE 328 AN 5 SEHE 208
IR ARG, HR i) AB 4
KRG b DX SRS T R AT BRI

Hp E /K FE R4 (Chin J Rice Sci) 28 31 45230 3 12017 4E 5 H)
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IR T RS B GRS 30 cmx 20 cmx5 cm)
FERBEK 1~2 k. vz 1ok 108, B3
W 0.5 g fu e , B 11 3 d it — v, JLitE 3 ¥k
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1.2.1 HA#HKR

‘= N PRGN 2 2 T A 50~64 ASTERE R Hft2)
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PERRIRR, X RE I AR R BRI B A e
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122 HE#iE, FHE~7
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AR TR, WEAEER 7 d U R4
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B, EAEMREFEMPERA 13d. 7 K
P RE P IR K 2: FOKRRLR TR B 22, P oK
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HiF, JFE LA S RS, RIEAEH LT
FOBMRESE 3~4 d AT, DL ERRR IS
S S A 25°C R T
123 #AAE

FH TG WA KK B A B KR B 3 AR 1 HE T,
2 JZ9ERINZb M 2 TOKBRH, 46 100 £i%5 55
BT FBERE, IEBURE A 5x10° N/mL 9T %
TFWOIAT N T8 s R E T Al
(PIFHXE BE IR 95% LA L RS FRFE R G R5 9% 24 h,
WEPSHIAE 25 C AL . 2 Jat B =, #%
Fh7 d JEHHAT IR . 999 TR A R R oK R B A
90575 ] W 20 AR EREA T 0~3 AP, 4~9 2
HIK . PSR (%) A L EE AR ECH 5 B E
A H 2 .

1.2.4  HumtELE 10

M FH () [ 45 2 5 = N ikl e, 28507
MAATTEAL A PTE . T RIS ] 23 ) AT - A8
XHHIT . AL el BHYT. f5 2% 5 AN E R
DX o NPT I I FH I R MCRYE T AR T
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HEZEAPUEER, PitEgoN s 2 EH T =
Piv P PP G S EERSE 6 AN .
5PN 5 15 /NIRRT VRN o R A TR
Jiike
1.3 Fr#ERE K DNA 2B

BEAS SRR 2 AR f, RGN T
2.0 mL PELET, SWEMG G, BT —80C
(R UKFE P Al 75 H

T SR R AT KRR () O A TR AR
B2 5 min, B 5 H PRI 20 2O e
T E 2R A E AR AL 50 A7 R 2 7] 158 2L s
MR DNA $RRGAFI G, FEHOKREH 5
DNA.
1.4 HUmERE Pi2. Pi9. Pita Z 8 NMERE4SRMS
FHric 5
141 HmEAREPI2. P9, PitaF 3N A R4 FH
FARIT

AWEFH Pik-py Pik-h 5 Pil JEPRRE 53
ThRCSE Zhai 25115 Hua Z5P9F % 1 Pik #E5
SN EEN AR et oy ARl . T, BT H AN
S22 P H 5 Pik B IE D 41 A K 2 5+
TR T KL brid, HTXKmBEmPSER KA
(Kusabue/K60) 5 N Y ( H AHE )Py fr ik i) A9 19 21,
vk, L%t Pik-m/ Pik-p/ Pik/ Pil Az H A i) Jk
P A S R i X AT R A LU, R 25 A A 5
NEE 5 ) SNP, FIH] dCAPS Finder 2.0 A
(http://helix.wustl.edu/dcaps/dcaps.html)*, 41540,

I

*1 BERERFRFICHENGY
Table 1. Specific marker detecting primers for each gene.
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% SNP A7 fi 741, fELP RIS, TR
HAEX 7> Pik RSN A Pik-p. Pik-h 5 Pil
(1) dCAPS #xic. Pii f¢ 51 CAPS #rid /& Takagi
SR Pii 44 & A Hitomeborn 55 H A pii
IO ST SE K R A LU, RIAE Pvu TT BEEDIA £
AbAFAE SNP 2 PRI K 1) Pii-CAPS #5ic . Pi2.
Pi9 5 Piz-t K54 T hric 4 He il 5 &2
PRI Pita JE R PR ARG &l 8 Pita 433
DA P 810 5 H A 1R s S 7 i R R AT U, R
FES) SNP, JF &t Beds e M HUAS U Pita JE A1)
dCAPS Frid(REER RN Sbric i 2R S
* 1.

142 HAHAEREPI2. Pi9. PitaF 8 A H4&FF ik
HFARITEG A ]

FIFTF &1 Pi2. Pi9. Pita 25 8 AN LR 5+
PEOTFhrad, X 328 MNMERFE X 24 A FE AL G 7 )
HEAT PCR 719, FFAIFHAH Y. 1 BRI P 17 g ot
PCR =W AT D), R0l 25 A4 S R4l & I 2 PR A
I3 FHhRC PCR 4. e B ARFR N 20 ul, i
45K R HRE 41 DNA (20~30 ng/uL) 1 pL, 10 x
PCR ZEpi 10 pL, % 1 pL ERAEGIH (10
pumol/L) , ddH,O 7 uL. PCR F&JFUWI F: 94C |
AZYE 3 min; 94°C FAEME 30s, 55°C~60°C i
K 30s, 72°C FIEM 1 min, 35 MEH; 72°CHE
i 5 min. PCR A L4 #4505, DL 55 1) PCR
PR SRR, R FH A Y. 1 B P N DD PCR 7
YA TEEY), BEDIA RN 10 uL, b, 5 PCR
P10 pl, 10xEEYIZE i 1 ul, BREIPE AN D)

CIL/ES SIYFF3(5-3°) T A B/ Fricd K ay A DI Z:2% R
Primer name Primer sequence (5°-3°) Expected size/bp Marker type Enzyme Reference
Pi2-SNP F: TACTCTTCGTTGTATAGGAC 462 CAPS Hinf [ [24]
R: GGAGGAGGAGATGAAATAGAATC
Pi9-SNP F: CGCCGGTTGATAAGTAAAAGCT 126 dCAPS Hind III [24]
R: CAAGAACTAATATCTACCCATGG
Piz-t P/A F: ATGTGGATGCTGTGTTAT 176 Presence/Absence — [24]
R: TAGTTTGCTGCTCAATAAGTA
K1 F: GCAAGATCAGTACCATCACGAGTAATAGCA 1600 Presence/Absence — [19]
R: GAGTAGCACTCAACGCAAAAGGGCATCGGC
Pik-p2/Pik-h2 SNP  F: CGTGGAAGTTCAACAAAAGG 114 dCAPS Nde I [19]
R: CAGCACCTGTATTATCCCAT
Pik-h1/Pik-pl SNP  F: TGCTGCAGGTCAGCCAAGCTTA 138 dCAPS Mse [ [19]
R: CAACCGTTGTTTTGCCTCC
Pil-SNP F: CAATAGTCCAGCTAAAACGG 179 CAPS Rsa [ [20]
R: CATTGCGCCTTTACCTTGT
Pita-SNP F: GCCGTGGCTTCTATCTTCAGCT 181 dCAPS Pvull KERE
R: GTAACTGTAAAATGACAAGAAAC Unpublished
Pii-4SNP F: TCCAATGCTTCTGAAAGGTAGC 350(240/113) CAPS Pvu Il [23]

R: TGGAAACATGAACCCATATCC
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15 CK2

Al

M—DL500. A—[X 4} Pik-p il Pik-h [ SNP #xic %43 4145 194> T4, CK1—IRBLkp-K60 ( Pik-p*), CK2—IRBLkh-K3 (Pik-h"); B—Pii & 55+
PEG T AR R S AL [ 50 A, CK1—IRBLI-F5 (Pii ™) 5 C—Pi2 JEFFR R/ TR 4LA (K4 T4, CK1—C101A51 (Pi2%); D—Pita
FERE LS FRR KT 43 4145 4> FAL I, CKI—IRBLta-CP1 (Pita®). ¥Kili 1~15: HBAAFELLL, KUE R 613 ZEE4R 806+ Ju=FAk 401,
Bk 1003 AL 132, fEADLAE S L MR 9822 AL 2213 BEILAE L RPOL 3 5. SRPIIE 1173 RALHES . fEEEDL 9802, L 1173 5 Y
Pt 1173,

M, DL500. A, Identification of Pik-p and Pik-h with specific SNP marker; CK 1, IRBLkp-K60(Pik-p*); CK2, IRBLkh-K3(Pik-h"). B, Identification of Pii with
specific SNP marker; CK1, IRBLi-F5(Pii™). C, Identification of Pi2 with specific SNP marker; CK1, C101A51(Pi2"). D, Identification of Pita with specific
SNP marker; CK1, IRBLta-CP1 (Pita*). Lanes 1-15, Some of hybrid rice combinations, Tianyou 613, Taifengyou 806, Yuanfengyou 401, Xinyou 1003,
Yuyou 132, Hengfengyouhuazhan, Yuyou 9822, Taifengyou 2213, Shengyouhuazhan, Xinliangyou 3, Leliangyou 1173, Tianyouhuazhan, Hengfengyou 9802,

Wufengyou 1173, Y liangyou 1173.
Bl 1 ETHHM SNP 5 FHRCAIKFERFHURE AN

Fig. 1. Detection of R genes in rice cultivars with specific SNP markers.
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AL, FIR Pi2. Pi9. Piz-t. Pita /& Pii JEPREE
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B YRR RERT IR Pi2. Pi9. Piz-t. Pita f
Pii 25073 Jk DR B HL s S5 7 S TR, 3070 JE DR S
PESr T hrid BRI &S R 1 R

RN AT A b, PutEE R Pita I
Pii 43 A A00K B i, 7E AR A P R H 543 )
84.76% 5 67.68%; H Uik H: A Pi2 Fil Pik-p,
3K 22.87% 55 13.72% AR IX B A AT R0 A v
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Fig. 2. Distribution of the blast resistance genes in the
hybrid rice combinations.
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