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EERUNE 1R,

w1 KBEEXR F2MEZESHEHE
Table 1 Rice varities and their F2 & B1C1 populations

Parents & Populations Varieties & Crosses Resistance Genes Plants
Pl JNXN No
P2 GA6B Ne
<) Digu Pi-d(1)'
P4 BL-1 Pi-b
P5 Pi-4 Pi-ta®
Population I { Digu/JNXN}F2 Pid(1)! 123
Population Tl ( Digw/G46B) F2 Pi-d(¢)' %
Population [ { BL-1/Pi-4//Digu/GA6B) F2 Pi-d{ )/ Pi-b/ Piia? 21
Population [V (G46B/{/BL-1/Pi-4// Digu/GA6B ) F2 Piod{( 1)/ Pi-b/ Pi-1a® 370
1.2 HERE ZRHCEY MY TESERB(ME2 Bix), S8

EHE -FER USHHBEEREN Pid() B
SR A A, BAaMILEERANK 468 H L
&, R4 E(IE 1 FR), R REH BL-1/Ri-
A5 A/ 46B R LICH 751997 FLXEEEM
MERaPZETHE F R, FHH(BL-I/PI4 T)F
M AR 46B)F1 HITE G HK.

B IUEFEMHE (ST EERFRBET)
MO/ 46B)R(BENHFTHEERSRESE,
FARTEREHTH FHRICER.FHTERRITE
EELENFTEE. B—Fm, K 46B fF i B3
% 5 BL-1/Pi-4 §//# % /X] 46B H B & 4232 F1 i —
ST K= HBERER P.b. P’ M
Pid(:)' 2 AN 46B 38N 46B A B K ZHR
ERMLH, Rt BB & 43K F1 WA FERE
MBI R K, BUR G OB R A R SRR

S_ELX EEEHH =R E 5K 4B
MRXER. E=F . % LR=1THRHH . Bai
ZR2(BED)AER ROBEEN B EME T
R KFABHATARBH(WE L Fixn), F#a
ERERBERHEEMS TRicHBI A&,

13 iR . BANSNENEE

AR AR A ZB13, H R HEIF AR EEMER
EREHEBBENFEHIT LS #H1T,

1.4 ## DNA Ry EX

EABSER, 4R ERESE P12 A=
HmE 5K 46B B3 F2 BHE & BBk p0 T 8 rt i,
# McCouch'" HRHLHO 7 125X DNA,

1.5 SFiRicHEREaSw
BIE Pid(:) .\ Pi-b A Pirta® M5 FhRICEN

S5HAEREHERMN S FHHic; FFE Chen F° Al
Akagi %" MR T 2 FFILL K Inove F

%2 AREKER Pid(¢)' \Pi-b ¥ Pitad'
SFTFIRIDEMER
Table 2 Blast resistance genes and their molecular markers

Gene Varety Chromesome  Molecular marker  Distancel/cm
P-d(t)! 2 G45 10.6
RM262 12.3
Pi-b BL-1 2 RZZ13 1.9
RS20 2.5
Pi-1n? (P-4} 12 XNpb088 0.7
XNpb124.1 1.5

Note: Molecular markers, RM207 and RM213, are located between the
markers, RZ213 and RG520, respectively; Molecular markers, 0SR20 and
OSR32, are located between the markers, XNpb088 and XNpbl24-1, re-
epectively.

AN STSHEAUFFANGRTERS FiRid (X 3
BrR), Bl Pid(e) B &S MRIC RM262 10
G45,5 Pi-b # 4 RM207 #1 RM213, 5 Pite® HEHK
0SR20 #1 OSR32,

PCRY W R SEERNY S0, HFEHE 50
mmol/L. KCI1, 10 mmol/L Tris-Cl(pH 8.3},1.5 mmol/L
MgCl, ,0.01% B B, 200 pmol/L dNTP, 50 ~ 100ng 9
HEMADNA, ] ML HK Tag BAIE 5802
umol/L, PCR P B . 7 94 CE ¥ Smin; Bt A
35 M PGER (94CAEHE 1 min,55CH 1 min, 72°C i
B2 min); REETRCTHRES min, FIH~YH
A%RF IR B ERALZER 65, EEIMT
TMEHEME,
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Table 3 Molecular markers and their PCR primers

Marker Forward primer Retand primer

G45 5" TGGGATCAAAGTTGGCTATG 3' 5'CGCAAACAGGGAAGCCTTTG 3°
RM262 S'CATTCCGTCTCGGCTCAAAT 37 5'CAGAGCAAGGTGGCTTGC 3
RM207 5'CCATCGTGAGAAGATCTGA 3’ 5'CACCTCATCCTCGTAACGCC 3’
RM213 5' ATCTGTTTGCAGGGGACAAG 3° 5' AGGTCTAGACGATGTCGTGA 3'
0SR20 5'TGGTCAAGTGACTTAGGTGG 37 5'AGAGCTCCAACTCTTTACAAG 3’
0SR32 5'CTCCAGCTTCGGCAACGTCA 3' 5"CTTCTTGATGCCCTCAATCGT 3/

2 &#X

2.1 WENRBRFEEES FHRIZER

R T E RM262 S|P e M L &E RS
X 468 fPIHR S FF b 5 47 PCR 38, B R R W,
BRAAMFHT =Y FERENESE (A
1 fiR). HPBWEFILSHER 5K 46B 1) PCR
e R B A /D 160bp, DL AR & #3619 i BT Kb
#240bp, 3 PMEFBY MY 1 KW, P FRHEEW,
FPEH T E NI BHERIC.

M D2 RM262 5| P 3) (34 x X 46B) F2 #F
ko, R BB P HET 3 IR, S5
G FhR] 46B( 4 B R aa) YL B AL A (2

x4

ARER AL KRB R LR RIS HBBIGER 2 %
WG RHER Aa); - HX 3 A (aa.Aa AL
AEEAFES 121 MERH(IR4FR), &
(Hb4F x VLRI T hE ) F2 BE 4k th  RM262 W9 38 =07
BA4T 88 A bk Bk 45 R — B, [FAS, RM262
SHmRER Pid() WEARERET BEIP
HRHK5.14%,8.17%, ~HEERFARK, B, H
FHRiC RM262 F T %% 7K RS AR R B0 0 2 0 B0 AT B 4
AT, EREHARGT BEIH %%l
L mE R RM262 FRic SN R ERR LS
B(mks in), BB RS EHRT NG
RN g, FU RM262 A Bl FAHARBERERE P
d(t) Mk,

HESTIHERNA 6B A F1.F2 #E/M ZB3 MRS FiHR2oH

Table 4 Analyses on the resistance of rice varieties, Digu, JNXN, and G468, and their
progenies of F1 and F2 to the blast isolate ZB13 via molecular markers

No. of resistance & susceptibility Molecular analyses Ratios of
Varieties & progenies -x_l -x_l
R h] AA Aa as recombinant/ %
Digu 20
JNXN 20
G468 20
{ Digu/INXN)F1 20
{ Digu/G46B ) F1 20
{ Digu/JNXN)F2 94 29 0.0677 21 66 36 4.317 5.74
( Digu/GA6B ) F2 79 17 2.3472 19 55 22 2.229 8.17

Note: AA, aa, and Aa represent the PCR band-types of Digu, JNXN{G46B) ,and [ Digu/JINXN(G46B) ]F1, respectively; R and S represent the resistance and

susceptibility respectively(also in other tables) .

#5 A4S4THZRM2 ETEERRIEAFSE
Table 5 The veracity of molecular assay by using RM262 on rice blast resistance
F2 population Molecular marker assay PCR band-type No. of resitance No. of susceptibility Yeracity/ %
R AA 21 ¢ 100
Aa 66 0 100
( Digw/JNXN)F2 s aa 7 29 80.5
AA 19 0 100
Aa 54 1 98.2
{{ Digw/G46B) F2) S aa 6 16 7.7
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22 BRASTRIISGHEEESABABERE
&

2.2.1 HBERHREHA Pi-d(t)' . Pi-b M Pi-ta’ BF
BN FRICEREPHREEHR S A Pi-d
(1)) BEEBMIRIC RM262 F1 G45, 5 Pi-b % i
RM207 #il RM213, 5 Pi-te® #8189 OSR20 1 OSR32
# PCR 51943 I Y 3 % A # &5 \BL-1.Pi4 FIX] 46B
# DNA, (X4 RM262.RM213 #1 OSR32 7 F 4 &) iy

BEEME(NAE 1,2,3 FmR), 485 Pid(1)' . Pi-b
T Pi-ca® BHHEY, RH 4 TR0 RM262 . RM213 I
OSRR2 BEA FHX =/ HBERERANERE,
222 SHTHICHBEERANBER . NERKE
WHE R ZBBEMHESHAX R(BAO)MER 2
BEREEN), 45 KS7 M1 M HBERBA
BORATSTHRICEE.

£6 HTHIDETER
Table 6 The results of MAS in population I & I

Plants resistant Molecular PCR Efficiency of Putative
Population Plants Plants
to ZB13 marker band-type selection( % ) genotype
Aa Pi-d () Ipi-d (1)
RM262 93.85 —————
AA Pid( ) 1 Pi-d ()
Bb 24 Pi-blpirb
Population Il 121 87 RM213 18.39
BB 4 Pi-bl Pi-b
Ce 23 Pi-ta®! Pi-ta®
08R32 16.67
cc 3 Pi-ta®! Pi-ta?
Aa Pid{t)'ipi-d(e)
RM262 938.83 —
AA Pid(1)'1Pid()!
Bh 52 Pi-bi pi-b
Population [V 370 171 RM213 19.30
BB 7 Pi-bf Pi-b
Ce 53 Pi-ta®l Pi-ia®
05R32 20.18
cc 8 Pi-ta®! Pita®

Al RM262 X ER Il AT IV S 4 & & ZB13 /9 87
171 SRR TT PCR U 847, R BUAERER T A9
STHTERF I RALAB BT R (AL &K
Aa) MM B BN THRICEENT S E X
98.85% ;MK IVE 171 kP B EA L AT
My WER LTSN 98.83% (MNFK6 ix), i
—#H RM213 X BEAR M ABE R IV e 8, e A M A9
87#kP &4 BL-1 f¥1E 7 B (BB 3% Bb) 3t 28 #% , H
FRESWRI(Bb)24 Bk, AW R (BB)4 tk; ZTERE
IVH) 171 Bk & H BL-1 Fr{E#F RESE 59 #k, H b 2
EHE 2. MAEWRIL TH(INEe FixR). B
OSR32 FI X ffik 1 MBEAIV #47 PCR V388 , BB
Wl 49 87 BrP & H Pi-4 SHFIEH BIIL 26 R (CC
Co) , HPAREHW R 23 Bk(Ce) , A& WA 3 #R(CC);
EREIVEH 17t Bk P 3 H Pid SHEF R 61
BHPEGEFR I AGHRsK(INEe, B3
Bim). NERBELH, B FESER 2813 ##
CERE, WP Pd(c) REAMAEHBE

BB AT 98.85% F0 98.83% ; Pi-b X (4
AN AN 5505 18.39% f 19.30% , Pi-ta
5K 16.67% M 20.18% , %8 Pi-b #l Pi-ta® W
HEAMBEERENNBERAEEEEER,
RAE=1MmEEEFEERMNY FIRICES &2
PN, RO &N A& N PRI S H#
# (BL-1 Tl Pi-4 5 =™ 5 Fp 45 4 ¥ B B9 B8 B 40 31 28
8 HkM 7 Bk, H PCR ¥ I8 W RIWE 1,2,3 Fim,
EVREAS S FRICIESERH RN, R 15 B
BEA Pid(1) . Pib . Piwd E=1HBEMREHE
(% 7,B1,2,3 im), KT EEB G54 =
BEEZEH Pid(t) pi-d(t)'/Pi-bpi-b/ Pi-ta® pi-ta’
4k, NEEKEE 108, Hd Pid(e) Pid(1)'/
Pi-bpi-b/ Pi-ta’ pi-1a® 6 ¥k, Pi-d (1) pi-d(¢)'/Pi-bpi-
b/Pi-ta’ Pi-ta® 3 ¥k, Pi-d(t) pi-d(t)'/Pi-bPi-b! Pi-
ta’pi-ta® 1 ¥k, ERMA K Pid(:) Pid(t)'/Pi
bpi-b/ Pi-ta’ Pi-ta® (X 1 ¥k, REHM=RRAEE,X
TRESHBHBESBRE X,
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MP, P, P;PsPs | 234 56 78 MP,P;PsP 9101112131415

MP,P, P;PsPs1 2 3 4 56 7 8 MP,P, Ps P, 9 1011 1213 1415

EH1 RM262 ZEFEEXRETREPHIFESH B2 RM213 EEAREPRHEPHIEESF
Fig.1 Analysis on the rice varieties and Fig.2 Analysis on the rice varieties and
plants selected by using RM262 plants selected by using RM213
M representing DNA marker; Pl, P3, P4, PS, and P6 representing M representing DNA marker; P1, P3, P4, P5, and P6 representing
JNXN,G46B, Digu,BL-1, and Pi4 respectively; No.l ~ 8 representing JNXN,G46B, Digu,BL-1, and Pi-4 respectively; No.l ~ 8 representing
the plants selected in population [ ; No.9 ~ 15 representing the plants the plants selected in population [l ; No.9 ~ 15 representing the plants
selected in population I¥ selected in population [V

MP, P, P,PsP, | 2 345 6 7 8

P, Py Py Pg 9 1011 12 13 14 15

M

3 OSR32 7E¥ A B 4t P Hubk b i 5 4E 2+ 1
Fig. 3 Analysis on the rice varieties and plants selected by using OSR32
M representing DNA marker; P1,P3,P4,P5,and P6 representing JNXN, G46B, Digu, BL-1, and Pi-4 respec-
tively; No.1 ~ 8 representing the planis selected in population [l ; No.9 ~ 15 representing the plants selected

in population IV

7 ZEMAFEARSNEAENTENTENERARRR
Table 7 Putative genotypes of 15 lines with three blast resistance genes, Pi-d(¢)', Pi-b, and Pi-ta’

Parem& No. of PCR band-type ~ PCR band-type  PCR band-type PCR Putative
Population plant of RM262 of RM213 of OSR32 band-type genotype

P1 INXN aa bb cc aabbee pi-d (¢} pi-d(2)' I pi-bpi-b/ pi-ta® pi-1a®

P G46B aa bb ce aabbee pi-d (1) pi-d(1)"/ pi-bpi- bl pi-ta’ pi-1a’

P4 Digu AA bb cc AAbbece Pi-d(¢)" Pi-d(¢)" ! pi-bpi-bi pi-ta® pi-ta®

P5 BL-1 aa BB ce aaBBec pi-d(¢)" pi-d(t)" 1 Pi-bPi-b/ pi-1a® pi-ta®

P6 Pi4 as bb cC aabbCC pi-d (¢} pi-d (1) I pi-bpi-bI Pi-ta® Pi-ta®
1 Aa Bb cC AaBLCC Pi-d(¢)! pi-d(t)"' ! Pi-bpi-b! Pi-ta® Pi-1a®
2 Aa Bb Ce AaBbCc Pi-d ()’ pi-d(t)"! Pi-bpi-b! Pi-ta® pi-1a*
3 Aa Bb cc AaBbCC Pi-d{ )" pi-d(1)"] Pi-bpi-b/ Pi-ta® Pi-1a®
4 AA Bb Ce AABbCe Pi-d(t)' Pi-d( )" Pi bpi-b/ Pi-1a* pi-ta®

Population [
5 Aa Bb cc AaBbCC Pi-d(1t) pi-d( )"} Pi-bpi-bl Pi-ta? Pi-ta®
6 AA Bb Ce AABbCe Pi-d(t) Pi-d(t)'!Pi-bpi-b! Pi-ta® pi-1a*
7 Aa Bb Ce AaBbCe Pi-d(¢) pi-d( )" ! Pi-bpi-bi Pi-1a® pi-1a®
8 Aa BB Ce AaBBCe Pi-d(1)" pi-d(1)'] Pi-bPi-bl Pi-ta’ pi-ta*
g AA Bb Ce AABbCe Pi-d(1)" Pi-d(1)"] Pi- bpi-b{ Pi-ta® pi-ta®
10 AA Bb cc AABbCC Pi-d(t)" Pi-d{1)"! Pi-bpi-b/ Pi-ta® Pi-ta®
1 ] AA Bb Ce AABbCe Pi-d(t)' Pi-d( )"/ Pi-bpi-bi{ Pi-ta’ pi-ta®
12 AA Bb Ce AABbCc Pi-d (1) Pi-d( )"/ Pi-bpi-b/ Pi-ta® pi-1a*
Population IV ’ ” P

13 Aa Bb Ce AaBbCc Pi-d(t)" pi-d{(t)'! Pi-bpi-bi Pi-ta® pi-ta®
14 Aa Bb Ce AaBbCc Pi-d( ) pi-d{1)"! Pi-bpi-b/ Pi-ta® pi-ta®
15 AA Bb Ce AABbCc Pid(1)" Pi-d(1)"1 Pi-bpi-b! Pi-ta® pi-1a®
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AER ISP, Pid(t) BERFERRS
73.33% ,Pi-ta® BEBEKZ,H 63.33%, Pi-b &
PEERME N 53.33%; X RIS ERE R ZB13
EREFHESH Pd() EESER LA 5 —F
B Pi-d(¢)' F1 Pi-b XA XL A BRSO A ST
M—RrEEREHERAGEAHARTIE P-b &
AR, AAZERENEEAYSH,15 M8
Bk E M Pi-d(1) Pi-d(t)'/ Pi-bPi-b/ Pi-ta® Pi-ta’
BEE a6 H L EH#TA FIRICHBIEED,
DA HiREREYNNE ST KRR,

EEGRERY EENHAZERREER
BREEREAREREXHASEREHTRHELEE,
—BFERERZFT L E, FRET N — Tt
Fal S - FEHALEMTEQABERAH. X
HARAEMN BRZNGFERAER, BENER
VERTBE T 1%, B RMERHEEEEER; HREMEKR
FEMFEEERK FHEZREBRENOE M, REH
EMMABERESF - TR BRERNFER
MEK, AR, THAREAT FHRICHELEE=
MIBEN  ER ARG ==LEERSHELAE,
AR TFHRICHEBTHEAKBEENPOIEMAEET
Efl. HRiSFiricHBxEEFc By E AR
MERMR, ERABTRETHEHMERE.F
HR = AL B TR,

3 i

A EHREREB SN S FHRiCHTHEBE
FREREEFMHHENARZER. HEBREERS IR
EEMEHREARNBEIRE -—ENER.H
EEBWRERMEAHEAREFER, B AES
R AP EXKATHBIEERNT FIRCS BiR#E
ROEH ELFR(E. Abenes £ 3 3 1~ FFE 2
BAESE L REEE 10/ KBMEARATH
¥EREW, EEEYNIRICZE N EYLEERR
BEEMERAK, EEHRN 4 2EBEEF,
RM262 ST EE Pid(:) ZHINEELEEERD
BN R EEEAMN S THRICERNRR& b M
FERA -EMBENE,

KEMWFEEEHEROGIRE RS B,
BREE. EN EFREESFHEEM. BEHP—
EHERCHEN REENNS FIRIE. NAXLS
FHRiCHTEEEE BRAFENENER. &
R TN AEAEETEAB RN EATRH

BEE ANERE K, WA B i 5 &R
MO FHRICHDEERZIFRRGHEW, FFF
BYEEE, o LK KR E RN R, AEMAHF,
ZETERZ I ERTEMNRE RN ERR
AF—1TaM, FEXEMEREEEHITHELE,
AMERR HEEEAABBMNEN, WERSGE
AW A A BRI EEEY NS FiRid
PHTHBERE TURERRREZNEHRERE
AF—AEMHME, Huang E'" A FHRIZERT
FARM AN MEAHHEA(Xa-4, Xo-5, Xa-13 Fl
Xe-21)F IRBB6O @ P, AMERMAMT 2K
HBEBEES AR 2 EZ BC2F2 8E% 3 1
ViRSBEMEE, Pid(¢)', Pi-b M1 Piwd® , BE5 T —
TEAK BEWMEE# - L AXEEAH I ERICHE
BHEBAE TR EEd SR EN S, HE4
REMEREEEFTRFRALERM., (EPERFTH
AW FAricHiIFZ#, % FH WA RFLP 1 RAPD
%, RFIP REBHMFRC, REEESA S BiIRE
HEFESFICHEENT XS4 ME68, 8
RRFIPHTIREMNDNABRE RN IBER, WA
BRX,ELUTET LR P HET M A . RAPD {Rid
FTEDNARLD STBRFRE BEEREHFC, A
XS HEMRER EEENE EXHERATH
fFFeE—ERNEE, FUERCHDERD.FTER
RFLP #7iC 71 RAPD ¥ ¥k BR ¥ #a 1) PCR A & 7Y
R EHFC. AHEEANBIEFICHRAT
RFLPM RAPD ML S, AESHNERTHTT L
WEE P RN —F S FRIC.
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Marker-assisted Selection and Pyramiding for Three Blast Resistance
Genes, Pi-d(t)! . Pi-b.Pi-ta’, in Rice

CHEN Xue-Wei'?" LI Shi-Gui®®~ MA Yu-Qing® LI Han-Yun’ ZHOU Kai-Da’ ZHU Li-Huang'
' ( Institute of Genetics and Devel { Biology, Chinese Academy of Sciences, Beifing 100101, China)

P

2{ Rice Research Institute , Sichuan Agricultural University , Chengdu 611130, China)

Abstract G468 is a promising holding line used for three-lines breeding strategy in hybrid rice, but it is susceptible to blast
disease caused by Pyricularia grisea . To improve its blast resistance, three rice varieties, Digu, BL-1, and Pi-4, with blast re-
sistance genes, Pi-d(t)', Pi-b, and Pi-ta®, respectively, were used to be crossed with G46B, and 15 plants with these three
blast resistance genes, Pi-d{¢}', Pi-b, and Pi-ta®, were selected from their F2 and B1Cl populations via a marker-aided
crossing procedure. Among them, four plants were heterozygotes in the three resistance genes, with the genotype of Pi-d( i) pi-
d{t)"! Pi-bpi-b/ Pi-ta’ pi-ta” ; ten planis were heterozygotes in two of the three resistance genes, of which six with the genotype
of Pi-d(t)' Pi-d ( ¢}/ Pi-bpi-b/ Pi-ta® pi-ta® , three with the genotype of Pi-d(:)'pi-d(¢)'!Pi-bpi-b! Pi-ta® Pi-ta®, and one
with the genotype of Pi-d(t)' pi-d(t)'/ Pi-bPi-b! Pi-ta® pi-ta® ; and only one plant was homozygote in two of the three resistance
genes with the genotype of Pi-d(¢)' Pi-d( )"/ Pi-bpi-bi Pi-ta® Pi-ta” . These results demonstrate the capacity of maker-assisted

selection ( MAS) in gene pyramiding for rice blast resistance and its enhancement for the efficiency in rice resistance breeding.

Key words rice( Oryza sativa L.), blast ( Pyricularia grisea) , resistance gene, maker-assisted selection ( MAS)
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