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Abstract:
development of two-line hybrid rice. [MethodJAizi S (thermos—sensitive genic male sterile, TSGMS) and Aiyan s (reverse

[ Objective] The security problem of seed production has seriously hampered the steadily and sustainable

temperature sensitive genic male sterile line, RTSGMS) were screened as the original parents to develop permanent genic
sterile line (PGSL) according to the F, fertility of crosses among 16 (light-) TSGMS and 4 RTSGMS. The fertility genes
were introduced into the near isogenic lines Tianfeng S and Tianfeng s by backcrossing Aizi S and Aiyan s with the bridge
parent Tianfeng B, respectively. Then, Tianfeng Ss, the PGSL, was observed from the cross between Tianfeng S and
Tianfeng s. The fertility, restoration, competitive advantage of yield-related traits and reproductive characteristics of
Tianfeng Ss were investigated. [Result] Tianfeng Ss was completely sterile under natural long day with high temperature
and short day with low temperature. And no obvious difference was noted among the F; crosses from Tianfeng Ss and its
three parents and five restorers in spikelet fertility percentage. [ Conclusion] The results showed that the newly developed
PGSL might solve the security problem of seed production in two-line hybrid rice fundamentally.

Key words: rice; thermo-sensitive genic male; reverse thermo-sensitive genic male; permanent genic sterile line
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Table 1. The experimental materials.

373

MBI 5 44k

Material type and name

itk

Pedigree and origin

SR DA

Breeding institution

A% A E R indica thermo-sensitive genic male sterile line

J7 2K S Guangmo S Il 63-4S/ZRFHT
Guangzhan 63-4S/Molixinzhan

23018 WAk 40/424¢ S-1 Zhenong 40/Annong S-1
18928 Ri% 64S 5845 A3k Peiai 64S mutant

R S Aizi S
W S Xin’er S
%5 43S Aizhan 43S

1892S/48 1% 100 18928/Zihui 100

ez $/2301S Xin’an S/2301S

9% 64S/ 7 63-4S/Kitaake

Peiai 64S/Guangzhan 63-4S/Kitaake
P88S FE 173S/855% 64S Zhu 173S/Peiai 64S
}i % 648 Peiai 64S A B 58S/17 %% 64 Nongken 58S/Peiai 64
] 15 63S Guangzhan 63S N422S/]" (! 63 N422S//Guangzhan 63

HER e % AN E & indica photo- and thermo-sensitive genic male sterile line

LB RN FHEBE Anhui Academy of Agricultural Sciences

LR R FLEBE Anhui Academy of Agricultural Sciences
LB RN FHEBE Anhui Academy of Agricultural Sciences
G ARNEEBE Anhui Academy of Agricultural Sciences
LR R FFEBE Anhui Academy of Agricultural Sciences
LR AR FFEBE Anhui Academy of Agricultural Sciences

IR A8 /K FEAIF 5T HH L Hunan Hybrid Rice Research Center
RS A K FEAIF 5T FP Ly Hunan Hybrid Rice Research Center
LA RNEE B F 550 Liaoning Academy of
Agricultural Sciences, Fengle Seed Co. Ltd

7001S A& B 58S/917 Nongken 58S/917
23048 7001S/X4JL 7001S/Shuangjiu
23128 7001S/(JL 7001S/Shuangjiu

A% 5188 Jing 5188 7001S/C418

#5198 Jing 5198 7001S/C418//3402S

206728 —

Zofl 2028 Yunjing 2028 N5088S/4r % 34 N5088S/Hexi 34

LR RN FFEBE Anhui Academy of Agricultural Sciences
LB RN FHEBE Anhui Academy of Agricultural Sciences
LA RN BE Anhui Academy of Agricultural Sciences
R R FFEBE Anhui Academy of Agricultural Sciences
LR RN FFEBE Anhui Academy of Agricultural Sciences
= A R EHEBE Yunnan Academy of Agricultural Sciences
= A RMEHEBE Yunnan Academy of Agricultural Sciences

AR IR AN E & japonica reverse thermo-sensitive genic male sterile line

A# 5278s Jing 5278s _

R %A E & indica reverse thermo-sensitive genic male sterile line

AR s/%% 1k 438//R998
Yannong s/Aizhan 43S//R998
JEA s/R998 Yannong s/R998

SR s Aiyan s

JfE 78s Yan 78s

JfE4¢ s Yannong s
FliFE MK & indica rice restorer line

R727 R933/9311//9311-Pi9

R998 9311/Pi9 4k 9311/Pi9 donor

#£15 Huazhan SC2-S6

8 6 5 Yangdao 6

Hfill WH26 Zhongxian WH26 2707/209512
4251 7R Bridge parent

K B Tianfeng B 1 B/G9248 Bo B/G9248

3714 58 ANEFE Sterile mutant from 3714

YifE 4 5/3 3021 Yangdao 4/Yan 3021

LA RN FNHEBE Anhui Academy of Agricultural Sciences

LR AR FFEBE Anhui Academy of Agricultural Sciences

LR R FLEBE Anhui Academy of Agricultural Sciences
15 BH AR ML BFHE ST Agricultural Institute of Hengyang

G RN EEBE Anhui Academy of Agricultural Sciences
LR R A FFEBE Anhui Academy of Agricultural Sciences
T [E /KB 9T BT China National Rice Research Institute
BRI R RNV RS

Lixiahe Regional Agricultural Research Institute
EIAR M RHEF ST Agricultural Institute of Xuancheng

JARB RN

Guangdong Academy of Agricultural Sciences

It R B 2 R R, RGN TR, A
I E LT B 77N

2 HiR5

21 KA B RBEFEARNTGIE

7T AERRBRATRYE | AR BB
ANE R RASHLH] T 14 A Fodls, W—dHs
1B R AC AR FEA — 2, Horp, $ 518S/HE 5278s Fy
IERAHE 8 H 2 HimAH, i 519S/4# 5278s Fy IE
RGBS 8 H o HA 11 H, H4 10
AR IE AL A RN AT 8 H 24—28 H.

R 2 I, 14 AR By OE RS LA 1 4552
A 68.99%~88.26%, FILIEH A H . Uil S
ANE ZHKE 5278s W] LAWK ASFFE AT IR 7 ASKE Y
BAERMEE, RZIMR.

IR BAZANE & 2301S. T 3K S. [y 638
AB— S 5 3 AR BUZ A RITIC 24 /N IE
A AT 8 A 11—23 H; 24 MER
A EESHR A 65.71%~86.52%, LI IEH 45592 (%
2). YL Rk 4 MEBBRZAH R UPKEIX 3 M0
B RRBEAT ROE M, X 3 ASHIE SIS AS
B RWATLKE L E 4 ASRIASRBIZ AT RN E 1.
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£ 73 T8 AR SR AN B R VR R IR B R IR T3 1 Tk
TR B AR AR R T
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Fig. 1. Breeding procedures of near iso-genic lines Tianfeng S with thermos-sensitive genic male and Tianfeng s with reverse
thermos-sensitive genic male by using bridge parent of Tianfeng B.
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KA s M TR BOKIEHIF 2, R RFES H
KESHF, (RESs) , KFE Ss HEHAIHIK KA
BAE R. 2015 FEERFE Ss LI 3 A &
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S FIRF S KHEHERIAT, Hrh e AmE
SABEMMS H 1 HEE:2 9 H9H, MKER
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23 KARFBEREKXE Ss WATRMEREEZ S
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Table 2. Spikelet number and spikelet fertility percentage of F; by reciprocal cross with thermo-sensitive genic male sterile
line and reverse thermo-sensitive genic male sterile line in rice.

e IEAZ Forward hybridization J23Z Reverse hybridization
Cross REELE R RERESTRIEL R SRS RIS ARESoRIgT A
SNP FGP SSR/% SNP FGP SSR/%
20672S/K8 52785 20672S/Jing 5278s 140 112 79.86 172 143 83.24
2304S/§f 52785 2304S/Jing 5278s 160 141 88.26 161 128 79.16
2312S/§f 52785 2312S/Jing 5278s 155 123 79.15 146 123 84.28
7001S/4§ 5278s 7001S/Jing 5278s 140 120 85.49 133 103 77.32
i 518S/E 5278s Jing 518S/Jing 5278s 202 146 72.53 232 164 70.64
FE 519S/E 5278s Jing 519S/Jing 5278s 212 148 69.88 201 138 68.99
ZH8 202S/K8 5278s Yunjing 2028/Jing 5278s 153 126 82.44 153 119 77.81
2301S/4%/ff s 2301S/Aiyan s 129 109 84.35 136 110 81.15
2301S/JfE4% s 2301S/Yannong s 122 106 86.52 120 94 78.02
2301S/Jf 78s 2301S/Yan 78s 116 98 84.87 128 100 78.61
"% S/¥%ENE s Guangmo S/Aiyan s 156 94 60.57 163 115 70.75
]2 S/fEAR s Guangmo S/Yannong s 127 100 78.46 130 98 75.35
2K S/Jff 78s Guangmo S/Yan 78s 147 108 73.86 168 116 68.95
"7 63S/4EJfE s Guangzhan 63S/Aiyan s 162 108 66.81 157 103 65.92
I~ 63S/fEAR s Guangzhan 63S/Yannong s 143 111 77.23 162 119 73.23
7 63S/JfE 78s Guangzhan 63S/Yan 78s 167 138 82.29 166 124 74.40
B S/HENE s Xin’er S/Aiyan s 164 116 70.48 170 115 67.51
B — S/ER s Xin’er S/Yannong s 149 129 86.31 159 137 85.82
BT S/ 78s Xin’er S/Yan 78s 145 109 75.24 139 92 65.71
1892S/4% /e s 1892S/Aiyan s 141 1 0.42 130 1 0.54
1892S//fE4% s 1892S/Yannong s 123 1 0.82 132 1 0.76
1892S/JffE 78s 1892S/Yan 78s 140 2 1.24 - } }
P88S/4ENE s P88S/Aiyan s 142 1 0.21 162 1 0.18
P88S/JfEAR s P88S/Yannong s 124 0 0.00 139 0 0.00
J& b7 43S/4EJfE s Aizhan 43S/Aiyan s 146 1 0.69 129 1 0.31
1l 43S/JEAR s Aizhan 43S/Yannong s 151 1 0.27 159 2 1.00
JB4R S/HENE s Aizi S/Aiyan s 144 0 0.00 164 0 0.00
JB4 S/EAL s Aizi S/Yannong s 129 0 0.00 137 0 0.00
K5 J% 64S//E N s Peiai 64S/Aiyan s 138 1 0.29 138 1 0.44
Ri9% 64S/JEA s Peiai 64S/Yannong s 136 1 0.15 154 1 0.52

HBEAE RO BT RS NIERZ, RZNRAZ.

Forward hybridization, thermo-sensitive genic male sterile line (female) x reverse thermo-sensitive genic male sterile line (male), on the contrary, reverse

hybridization. SNP, No. of spikelets per panicle; FGP, No. of filled grains per panicle; SSR, Seed-setting rate.

KE Ss KIFMEATKE. W5k 4 ARk
KA, BRTRESN, FRKARAT RN 324
FITBE 15 ANALE I bR RO R R R HORT
R R 20T 14 >0 10 MAT 12 A, ANTRIER
F Ss FrECHNA G- H ERran, AWTFEalHIr K

AAHRRE Ss WEMZETKE, HILHRc4l

GRAER RS

24 XABATERXRF Ss HIEIAEYE
HEEAE RRFE S MRIRBIZAE RZKFE s

IR AMAT RRE Ss WHEERA. R+ S



376

rpE 7K FE R4 (Chin J Rice Sci) 55 31 4555 4 H1(20174E 7 )

R3 KABRAERRFESs REINFERBAFHTHEMLRN
Table 3. The fertility performance of permanent genic male sterile lines and parents under natural conditions.

1EA W % Pollen sterility/%

48 H AT 4552 % Seed setting rate of bagged panicles/%

SR ]
Date(month-day) &% S RES REs KA Ss B S RES REs KA Ss
Aizi S Tianfeng S Tianfeng s Tianfeng Ss Aizi S Tianfeng S Tianfeng s Tianfeng Ss
07-25 N - 100.00 100.00 0.00 0.00
07-27 97.43 100.00 100.00 100.00 5.79 0.00 0.00 0.00
07-29 99.82 100.00 99.53 100.00 0.75 0.00 0.00 0.00
08-01 100.00 100.00 78.56 100.00 0.00 0.00 6.78 0.00
08-03 100.00 100.00 66.88 100.00 0.00 0.00 36.45 0.00
08-05 100.00 100.00 36.33 99.87 0.00 0.00 51.33 0.18
08-08 100.00 100.00 9.28 99.55 0.00 0.00 74.37 0.12
08-10 100.00 99.97 3.67 100.00 0.00 0.00 84.38 0.00
08-12 100.00 100.00 0.33 100.00 0.00 0.00 53.18 0.00
08-15 100.00 100.00 1.23 100.00 0.00 0.00 73.65 0.00
08-17 100.00 99.97 8.28 100.00 0.00 0.00 77.22 0.20
08-19 100.00 99.97 6.54 100.00 0.00 0.00 86.32 0.15
08-22 100.00 100.00 12.36 100.00 0.12 0.00 86.54 0.00
08-24 99.97 99.61 23.57 100.00 0.25 0.00 78.46 0.00
08-26 99.94 100.00 43.65 100.00 0.29 0.00 31.28 0.00
08-29 99.99 99.97 23.65 100.00 0.14 0.10 42.33 0.00
08-31 100.00 99.97 55.46 100.00 0.38 0.36 26.78 0.00
09-02 100.00 99.93 47.21 99.51 0.11 0.21 29.64 0.00
09-05 100.00 100.00 86.34 99.63 0.00 0.00 0.18 0.00
09-07 100.00 100.00 99.83 100.00 0.00 0.00 0.00 0.00
09-09 100.00 100.00 97.88 100.00 0.00 0.00 0.00 0.00
09-12 98.92 99.93 99.54 100.00 54.46 0.00 0.00 0.00
09-16 91.26 98.07 99.67 100.00 58.52 10.46 0.00 0.00
09-19 94.41 99.27 100.00 100.00 31.88 16.93 0.00 0.00

FRF s fEAH AR LA PE T, & TR IUAH & - Rk
KAMAE ZRFE Ss IEFB M m A= LN 1)
BT RUEE S SFHINK S . MBERELARE
S K BEA K F= s SXATAT il BB R S,
WRELLRE s AR, KE S HRXAATIRIRAK
B A BB R Sso 2016 FE AL BN T IE
HWLLRFE S BEA, KAz s HRAEIF 0.09 hm?,
Wk R Ss Fh T 97.5 kg, 34 1083 kg/hm?®. =&
BAR VT g5 fh A4 1 08 3 K ) o e S ER
QAR s EMHG AL . AT G5 I R AT %

3 e
AWRFH 7 MR BZAT RS 1 AR

P BB ANE R LU 9 MRIBLRBIA T R 34
R SR AU AN R A ACE ) T 59 MIERAL Fo 4l

Hro b, BT 14 MR F) IR RASA A LA 23018
L ANMTERBIZA T RS 3 MR BB T
ZPTEK 24 N F ERTH AWML LR
65.71%~88.26%, FKILIEHAIE, Ui LT 1Y
OB BBEATRPWATERS REBZAT
APMIAEREREATUAEKE B . 11 18928
AN 5 DMHBLRBIZA T REBME s 45 3 MR
RILBOE AT RFTHEC 21 N IE A A H AT &5k
RAERL 1.24%, HIXSe4] A A RE B A2 4551
HH 0, RIAH , x5 Ui ge s 1 — 2.
WIS R RIL, 9 MHENRBREAT R, B
2301S FIHr — S MIE ML Crl gD SR T2k S-1
Gb, HAR 7T MNRBIZAE RIGE MR R TR
B 58S, Uil S-1 B MRS ER s WE M
FER AT DA B B M (ERYE A B 58S IE T
FER SR AR s (BRI R EH BT E S5
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Table 4. Yield-related traits of F, derived from Tianfeng Ss and its parents with five indica restorer lines.

g Hiﬁﬁm% ﬁ%)‘éﬁiﬂz fﬁifk Tﬁi _ $%#%
Cross Productive panicle No. of qu(elets Seed-setting 1000-grain weight Grain weight per
number per plant per panicle rate/% /g plant /g
JE4E S/R998 Aizi S/R998 11.2 202.6 85.6 27.3 532
K S/R998 Tianfeng S/R998 12.0 198.4 85.1 27.0 54.7
K s/R998 Tianfeng s/R998 133 189.2 86.7 26.5 57.8
K+ Ss/R998 Tianfeng Ss/R998 125 210.6 84.7 26.3 58.6
JE%& S/RT27 Aizi SIR727 11.4 253.8 74.2 27.6 59.3
K= S/R727 Tianfeng S/R727 10.8 248.5 85.2 27.8 63.6
K s/R727 Tianfeng s/R727 123 2109 86.3 26.6 59.5
K Ss/R727 Tianfeng Ss/R727 13.4 221.8 82.6 26.5 65.1
JRK S/HTE 6 %5 Aizi S/Yangdao 6 8.0 238.9 82.5 27.8 43.8
R S/#H8 6 5 Tianfeng S/Yangdao 6 9.4 207.4 85.4 26.9 44.8
K= s/#HE 6 5 Tianfeng s/Yangdao 6 10.6 203.0 86.1 26.4 489
K= Ss/#HE 6 5 Tianfeng Ss/Yangdao 6 10.8 256.0 83.4 252 58.1
5% S/ Rl WH26 Aizi S/Zhongxian WH26 10.0 208.2 69.8 28.0 40.7
RZE /"l WH26 Tianfeng S/Zhongxian WH26 10.0 234.0 84.5 26.9 532
K= s/l WH26 Tianfeng s/Zhongxian WH26 10.4 253.0 82.1 26.2 56.6
K= Ss/H il WH26 Tianfeng Ss/Zhongxian WH26 11.4 203.5 85.3 25.8 51.1
J&4% S/4E\5 Aizi S/Huazhan 13.5 157.2 83.9 28.0 49.9
KA S/HEE Tianfeng S/Huazhan 12.8 144.9 83.6 26.1 405
KE /% f7 Tianfeng s/Huazhan 12.6 150.7 85.7 26.3 42.8
K= Ss/#E 7 Tianfeng Ss/Huazhan 13.8 169.8 82.9 24.4 474
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