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Abstract: Pi25 ,rice blast resistance gene,is a broad-spectrum resistance gene with high genetic transmission
capacity. In this paper, the indica rice parent BL 27 with Pi25 was as the gene donor and was introgressed into
Zhenda B ,the maintainer line of the CMS line Zhenda A ,and then improved new maintainer lines with homozygous
gene of Pi25 and agronomic traits similar to the Zhenda B was successfully developed. The improved maintainer
lines were crossed and backcrossed with CMS line Zhenda A for transformation of CMS line. By molecular marker-
assisted selection combined with phenotype-based visual selection, three improved CMS lines were developed with
homozygous geno-type of Pi25 ,overall agronomic traits and flowering habit similar to the Zhenda A. By artificially
inoculating 22 representative blast isolates collected in Fujian province,the resistance frequency of 3 improved CMS

lines and 15 hybrids were found to be 95.45% to 100% and more than 75% ,respectively ,whereas that of original
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control ,Zhenda A and its hybrid combinations derived from the original control ,Zhenda A was only 54.55% and its
hybirds were 40.91% to 63. 64% respectively. Three improved CMS lines also displayed high resistance to leaf
blast(level 0) and panicle neck blast(level 0) when grown in the epidemic areas field ,whereas the original control
was susceptible to leaf blast(level 5) and panicle neck blast(level 7) . Those 15 hybrid combinations displayed
high resistance to rice blast. Furtherly, the results of comparison of yield ,agronomic characters and quality among 15
hybrid combinations showed that Zhenda A-Pi25-3 improved CMS line showed best comprehensive characteristics
and was backcrossed with improved maintainer line Zhenda B-Pi25-3. Thus a new CMS line was bred with strong
blast resistance, good combining ability, population uniformity and the stability characteristics, named 157A. The
results indicated that the Pi25 gene could completely express its dominant resistance in background of CMS line
Zhenda A during different growth stages,and also showed higher levels of resistance in backgrounds of the hybrid
combinations derived from different restorer lines, suggesting its immense breeding value in blast resistance improve-
ment for hybrid rice. Compared with Zhenda A, the 157A showed blast resistance increased significantly, but also
fundamentally retained excellent properties of high combining ability of CMS line, and provided a new male sterile
germplasm for breeding of hybrid rice with high yield, high quality and disease resistance.

Key words:rice CMS line;Zhenda A ;rice blast; Pi25 gene ;resistance improvement ; marker assisted selection
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Fig.1 Breeding procedure of blast resistance gene Pi25 by molecular marker-assisted selection
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Table 1 Performance of blast resistance for the improved CMS lines and its hybrids

ENATHER HH (8] A #8155 &
Artificial inoculation of magnaporthe grisea Natural induced bioassay for rice blast
in greenhouse at the reproduction area field
AEREAEG
CMS line or combinations 1R YL TR FobESi% (% ) HUtErF TEE (%) ARl
Comprehensive 5 (%) Comprehensive
No. of infected Frequency of Panicle neck
evaluation of Leaf blast evaluation of
strains resistance ) blast )
resistance resistance

ik A-Pi25-1 0 100. 00 HR 0 0 HR
Zhenda A-Pi25-1
ik A-Pi25-2 1 95.45 HR 0 0 HR
Zhenda A-Pi25-2
ik A-Pi25-3 0 100. 00 HR 0 0 HR
Zhenda A-Pi25-3
Bk A 10 54.55 S 5 7 S
Zhenda A (CK)
ik A-Pi25-1/1#% 3301 3 86.36 R 1 3 MR
Zhenda A-Pi25-1/Minhui 3301
BRIk A-Pi25-2/1#Y% 3301 5 71.27 MR 3 5 MS
Zhenda A-Pi25-2/Minhui 3301
BRIk A-Pi25-3/ 1% 3301 0 100. 00 HR 0 1 HR
Zhenda A-Pi25-3/Minhui 3301
Bk A/IEK 3301 12 45.45 HS 5 7 S
Zhenda A/Minhui 3301 ( CK1)
Bk A-Pi25-1/ 11k 727 2 90.91 HR 1 3 MR
Zhenda A-Pi25-1/Chenghui 727
Rk A-Pi25-2/ LK 727 4 81.82 R 1 5 MS
Zhenda A-Pi25-2/Chenghui 727
Rk A-Pi25-3/ 1K 727 0 100. 00 HR 0 1 HR

Zhenda A-Pi25-3/Chenghui 727
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ERANTHE HH H] H 2K 175 K
Artificial inoculation of magnaporthe grisea Natural induced bioassay for rice blast
in greenhouse at the reproduction area field
ENEE %k
CMS line or combinations B R Fol iR (% ) HUETFA BV () B A
Comprehensive I8 (%) Comprehensive
No. of infected Frequency of Panicle neck
evaluation of Leaf blast evaluation of
strains resistance ) blast .
resistance resistance
Bk A/ UK 727 8 63.64 MS 5 5 MS
Zhenda A/Chenghui 727 ( CK2)
ik A-Pi25-1/FK 183 3 86.36 R 1 3 MR
Zhenda A-Pi25-1/Nanhui 183
Rk A-Pi25-2/FK 183 4 81.82 R 3 5 MS
Zhenda A-Pi25-2/Nanhui 183
BRIk A-Pi25-3/ 51K 183 2 90.91 HR 3 1 MR
Zhenda A-Pi25-3/Nanhui 183
ik A/HK 183 11 50.00 S 5 7 S
Zhenda A/Nanhui 183 ( CK3)
Rk A-Pi25-1/W1K 86 3 86.36 R 3 5 MS
Zhenda A-Pi25-1/Minghui 86
Rk A-Pi25-2/ WK 86 5 77.27 MR 5 3 MS
Zhenda A-Pi25-2/Minghui 86
BRIk A-Pi25-3/ 1% 86 1 95.45 HR 1 3 MR
Zhenda A-Pi25-3/Minghui 86
Hik AW 86 13 40.91 HS 9 7 HS
Zhenda A/Minghui 86 ( CK4)
Hik A-Pi25-1/81% 9802 1 95.45 HR 1 3 MR
Zhenda A-Pi25-1/Yuehui 9802
ik A-Pi25-2/8.1k 9802 3 86.36 R 3 3 MR
Zhenda A-Pi25-2/Yuehui 9802
ik A-Pi25-3/ 84K 9802 0 100. 00 HR 0 1 HR
Zhenda A-Pi25-3/Yuehui 9802
BRik A/ 8K 9802 8 63.64 MS 3 5 MS

Zhenda A/ Yuehui 9802 ( CK5)
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157A(B) By £ WK Bk W48 r S35 A(B) HuAH
BI(Fo6 FE3), 45REH]157A A A ML,
Bk TR E 3 K A6, =R AR R TR S R
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Table 4 Comparison of major agronomic traits between 157A and Zhenda A ( Jianyang,2015)
U s .
) T bk siokir bk R ek
W (d h N i il L R . AR o 3
) = (em) Fk K (cm) N THRiE(g) M .
FAR Duration (em) (em) No. of €3%:)) Hifa,
Plant  Leaf no. of Panicle 1000-grain ~ Leaf
Parent from Flag leaf  Flag leaf  panicles No. of grains Stigma
height the main length weight color
sowing to length width per plant per panicle color
culm
heading
157A 95 88.9 16~17 30.6 2.1 10.2 * 23.0 136.8 3027 HE KRG
ik A 94 8.6 10717 957 20 126 2.8 139.6  25.2 SN 30
Zhenda A (CK)
T IR 157A HEREE A HRIRTE 0.05 H10. 01 KT L2 WA
“and * " represent significance levels at P< 0.05 and 0. 01 ,respectively, for differences of traits between 157A and the original Zhenda A
RS 157A 5HE A WFRIMERRTHIELR
Table 5 The characters of flowering and outcrossing in 157A and Zhenda A ( Jianyang,2015)
HESK PLSUL/
HBAE AL 8] TR () FALH A
EA SMEER (% ) TR(%) , o o ‘ _
FE(%) Flowering Glume opening LR (%) Yield of hybrid
Parent Total exposure Bilateral
Pollen sterility time degree Outcrossing rate  seed production
rate of stigma exposure rate
157A 99.99 66.2 31.6 10:30-12:30 29.6 49.6 3.0 vhm? 245
ik A 99.99 65.8 30.5 10:30-12:30 29.2 48.3 2.8 vhm? 24
Zhenda A ( CK)
&6 157B 584 B MR KRBLE
Table 6 Comparison of rice quality between 157 B and Zhenda B ( Fuzhou,2015)
) Rk , W BT (1L ( 20) ; JREHH
PSS P S RIS S A TR N
FA 2(%) (%) B () Alkali o (mm)
(%) (%) (%) (%)
Parent Head Chalkiness  Transparency spreading Gel
Brown rice  Milled rice Chalky rice Amylose content
rice degree value consistency
157B 80.8 69.8 62.7 3.2 0.5 2 4.5 13.6 85
ik B 80.2 70.6 63.8 2.2 0.2 2 3.5 13.0 83

Zhenda B( CK)

BRI

YN YXIRY

wn AL ANAANDY

B3 157B 5%i% B BEKAH
Fig.3 Milled rice samples of 157B and Zhenda B

W, A E

[] 353k A

157 A 2258 Fh B = S X RN R4
2 157 A FASFP PR AE 612.6 ~656. 6 kg/667 m” 2
A ZeSE Y PEHETE 615. 8 ~645. 8 kg/667m’

2.5 HABRISTA 5&E A BHAGHHRMAL

AT Z 157A 555 A %%U%%‘Vx 527 1
% 3301 ALK 727 FIHHYK 86 Bl 4258 4
EN NP Y s
AP = A

AT EE
/n%%‘z@i,
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ZIE, FEPT L) T AR B 157A 280438
L @ A N 7 =TI - SN S /2 T - G
TR E A prsan, mAE F A —E, Ui 157A
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Table 7 Comparison of yield related traits between the F, derived from 157A and Zhenda A ( Jianyang,2015)

» T S N .
g AT BR(em) B (em) BARRAREL ) ST ( %) THRIE(g) JeH
Z ML/ A

" Growth Plant Panicle Panicles Seed-set 1000-grain  (kg/667m?)
Combinations No. of grains
duration height length per plant percent weight Grain yeild
per panicle

157 A/ &K 527 138 122.3 23.8 9.7 162.3 88.2 32.6 638.7
157 A/ Shuhui527
ik A/ B 527 137 120.6 23.6 10.2 158.6 87.8 29.5 632.6
ZhendaA/Shuhui527
157 A/l 3301 137 123.8 25.2 10.6 156.7 86.6 32.8 656.6
157 A/Minhui3301
Bk A/ 3301 139 121.7 25.1 11.8 138.9 82.8 29.6 645.8
ZhendaA/Minhui3301
157A/ LMK 727 139 121.8 24.6 13.9 153.8 88.9 31.3 621.5
157 A/ Chenghui727
Bk A/ KR 727 138 120.6 24.8 13.6 160. 6 89.2 29.4 617.2
ZhendaA/Chenghui727
157 A/ Bk 86 137 122.3 24.2 8.6 159.1 86.3 31.8 612.6
157A/Minghui86
Bk AWK 86 136 119.2 23.9 9.2 139.6 86.5 28.2 615.8

ZhendaA/Minghui86

3 itig

LA, T T80 Ml DX RS IR A 2 0 T 2
Y] 7 N SV QU N1 0 S 1 e |
LA A KRG ARl 2 R v, R RS DU
A 5 AV B TR AT R R PP — SRR R
il BB 7 A Rl DR R IR B PR A 2 X —
— N TR BB Ao ot Pl o 5, PR G4 R
WEFE R, 28 SR R & R R PLE S5 A F &
4L P 22 A 0 8 TE AR 5C 100 5 7E 2 3K R B o M
AR R PR YR A T R AR AR
AU, PR, B R AR R RO BT K O R
I,

PURG IR 5 8503 DR (0 A8 40 52 67 5 B AL 4% T
TR B BERR R AR 1 H B B, Sy 3l A el B B
WBVURAE 23 AP S EE T 3,
AW 5E 3 PR LA BL27 #5547 © SR Hi s
G FROE N P25 HUrEIERIE A RIS 5 23 A
25 RN A ) S R A T S Pi2s &
BEAATFARIC Si13070D5Y R F A FFricis B
R R AT RIORER IR AL T 540, F 2
SR US 2 W RE RIS IR AT IS & B Pi25 SEIRAE T Rl
S HP AN LTI T e R AU — R A KRR IR R
A2 RFRYLUKMARIKEATRS A
ARG R R, TR RS R 2 F AR g 4l
Bhkdets pi2s N AWK B, Bl 58 F A
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=2 A SE R A2 3k B M BRI R B R CP4A, R
TE PSR 3E i 4 58 % T AR 2 T hR O e AR 4
G Pi25 1 Pi-d (1) RS R E TR AN
BRI 64S W 3RS T R R DU 3 R ok
REATE R, SAFRES S FAric il
B BH AN Pi25 NS AOGIRBAZ AT RErE
228 MR T OHRR 228 BRSSPI, 754 5 A
FTAEH AT LGE S TF & Pi25 FEB N TiREARIC, F
— PR MAS BRIECE, ARFRIERE P25 FEH K
RAE RHEIL A MRPERPUME, Wit 245 2 RIS
2 W ASCHEE G Fheic il Bk 5, Bl 1 btk
FERAiG HAZ AR S B AU O 5 ZR B
i, SR A BTSRRI AE , 2250 FhRic kil
A AR A IF AL ) M %28, WA & & M52 BC,
F BEARPIRAE 3 AN A 4 E Pi2s BrikE R K21k
RFTFAE T W S8 E A MW AT REIE A-
Pi25-1 323k A-Pi25-2 F#ik A-Pi25-3, #it AT
F2DART I (8] AR5 K % 78 T 552 72 I 38, Wi 1€
Hik A-Pi25-3 LR ANE RPitE BLE T LAk
RFIEA, AR LL 1M 224, T 2015 4 F BT R
FPUPETR B A ) R ST R RS A E
R, 40 157A,

WFoE R AHIA 3 SR AR H R AR 22
AR v B A S e RIS b, 5 5 MRE R
BCL A 15 A 2238 POt A 900 1 B 1 A 2k 3] v Jke
LRl EAKE, PURERR LR P25 NMUEAE R
BRIk A ML 5t R bt Ras 58 4 i B AE AR R
PRAZZ2 A Pl i 5 557 T TR 2 30 488 o K P 1R 4t
P, BLRHBTHEIL P Pi25 XN 22 R o R 1 53R
B, W Pi25 2 — st B (G RE IR Y ) 1St
FE S R A4 se RE AR R PPk ok R 1 2L AR 4
PR A, BIHI B AT R 157A AU RSP
PR AR & T ELX 157A 53855 A FEHR AT
FLAeF I 157 A B T4 52748 KRN Bk A 2R s /b
Gh, EFAR MR FRMTE S RIFAE | 55 R KRS
KSR AR B TR A BRI, 5K 527
WK Z T ) 2 A 1 4 P A A e B — 2B iF B
157 A BEAMEEE THRE A BECA DL R, H
AT, FUHER IS A ORI E BRI 177 B8 178 3%
Pt 727 FNERAR H130 S8 2 AT | 7™ 4% 28 Fef i 41
HZIN2016 FAR 5N WL AR KA A P IR
A, B, AAF 5T & BB & B A 1
ISTA RNE R Aol B ER R A K E ™
Jo B A4 AR BT R, ELA R 4 R T

ARG FRICHE B B R E2R 8 A IR
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R BC, F AT AR R ok | 2 i 0 5 n
FEA S BRI, AT LB R S 2 R A E RINEES
IRV, SRR S5k FE B Al - X e A R
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RHEANE RIZHERNBR A HANAET RBTE
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