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Screening Parent Resources of Hybrid Rice in New Cytoplasm Male Ste-
rile System (CMS-FA)

WANG Nai-Yuan, LIANG Kang-Jing, LI Yu, WANG Ying, WANG Hong-Fei, QIU Xiu-Li, WEI Xin-Yu,
ZHANG Ying-Ying, KE Bei, and ZHAO Jian-Ya

(College of Crop Science, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China)

Abstract: Jinnong 1A is a new type of cytoplasm male sterile (CMS) line in three-line hybrid rice (Oryza sativa L.). It is com-
pletely different from the sterile line of CMS-WA and CMS-HL types, and designated as CMS-FA type. In this study, Jinnong 1A,
as the female parent, was crossed with 220 rice varieties originated from 10 countries and 13 provinces of China. The fertility of
the F; generation was evaluated with F; pollen dye ability rate, bagged seed-setting rate, and natural seed-setting rate. The male
parent was classified into maintainer or restorer lines when all the three fertility indices were <10% or =80% in the F, genera-
tion. Otherwise, it was regarded as non-parental variety for CMS-FA hybrid rice. In the total 220 varieties, 122 were identified as
maintainer lines of Jinnong 1A, which accounted for 55.5%, but no varieties could be used as restorer lines. The other 98 varieties
(accounting for 45.5%) were non-parent for CMS-FA hybrid rice. With regard to CMS-WA sterile line, Zhenshan 97A taken as the
control in the study, the maintainer and restorer lines were 44 (20.0%) and 42 (19.1%), respectively. Compared with CMS-WA
hybrid system, the CMS-FA system had a higher parent utilization rate by 16.4 percentile, especially the maintainer line utilization
was higher by 35.5 percentile (up to 1.8 folds). Generally, the fertility abilities of domestic varieties were higher that those of in-
troduced varieties in the F; generation.

Keywords: CMS-FA; Maintainer line; Utilization rate of parental resources of hybrid rice; Pollen dyeability percentage; Bagged
seed-setting percentage; Self-setting percentage
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Table 1 Names and origins of 220 male parents of rice in the study
Origin Number Variety name
EF Domestic 162
Guangdong 48 , 3, 6, 1, , 3, 397, 89, 52, 74, 1,
2, 1, , , , 21, 3, 11, 21, , ,
11, 1, ) ) ) ) ) , ) ) , 1,
2, 1 ' 153, ' ' 2, 12, ; 2, 1
,  287,9501
Yuexinzhan, Yuexinzhan 3, Yuexinzhan 6, Yueyezhan 1, Yuexiangzhan, Zhenyuan 3, Zhenyuan 397, Jingxian 89,
Huajingxian 52, Huajingxian 74, Aomeizhan 1, Aomeizhan 2, Aojingzhan 1, Xianhuangzhan, Xinhuangzhan,
Xinzhenzhan, Xinluzhan 21, Qingxianzhan 3, Qingjingzhan 11, Qingjing 21, Feng’aizhan, Fengliuzhan, Feng’aozhan
11, Lijingzhan 1, Suifengzhan, Lihuangzhan, Lusizhan, Huasizhan, Shuangsizhan, Aixianzhan, Changlunzhan,
Qisanzhan, Qiyinzhan, Qiyinzhan 1, Qiyinzhan 2, Qi’aozhan 1, Chao’erzhan, Yumei 153, Yezhen’ai, Zhengui’ai,
Qimiaoxiang 2, Simiaoxiang 12, Molixiangdao, Tesan’ai 2, Shengtai 1, Teqing, Pin 287, 9501
Fujian 33 2101-1, 89402, 63, 63,5460, H74, B, ZF54B, 1813B, 1,186, 233,127, 127, 11-32B,
201, 63, 67, 77, 82, K104, , 016, 397, , R175, R175-1, 8, 383,
388, 898, B, B
2101-1, 89402, Zaozao 63, Zao 63, 5460, H74, Zhenfu B, ZF54B, 1813B, Shazhi 1, 186, 233, 127, Chang 127,
Chang 11-32B, Dongnan 201, Minghui 63, Minghui 67, Minghui 77, Minghui 82, Changguzaozhan, Fuhui 016, 397,
Zhixi, R175, R175-1, Youyin 8, 383, 388, Wuhui 898, Longtefu B, Gufeng B
Zhejiang 16 4188, 15, 8, 2070, 413, 989, 20, H96-195-69, H96-196, H195-6, S11, WT413,
97B, B, 80108, B
Zhong 4188, Zheyou 15, Zhongyu 8, Zhong 413, Weiyou 989, Zhongjian 20, H96-195-69, H96-196, H195-6, S11,
WT413, Zhenshan 97B, Zhongjiu B, Zhefu 8010B, Zhen’gai B
Hunan 13 3 7, 3 5, 10,  C115,R207,R402,288, 3, 1B, L301B,1I-32B
Xiangzaoxian 3, Xiangzaoxian 7, Xiangzhongxian 3, Xiangwanxian 5, Xiangwanxian 10, Pei C115, R207, R402,
288, Wan 3 You | B, L301B, 11-32B
Sichuan 12 , 838, 1, 160, 162, CDR22, 6078, D90B, D B, B, 46B,98-14B
Chenglongshuijingmi, 838, Duoxi 1, Shuhui 160, Shuhui 162, CDR22, 6078, D90B, D Shan B, Zaoxian B, Gang
46B, 98-14B
Jiangxi 10 9, 8930, , , , 6225, 40064, , R4014, 136B
Ganyouwan 9, Ganyouwan 8930, Ganxiangnuo, Fengxinhongmi, Xianguo, 6225, 40064, Xiandang, R4014, Zaohui
136B
Anhui 5 27, 91499, 4, 3, B Wandao 27, 91499, Anxuan 4, Hua’an 3, Xiegingzao B
Jiangsu 5 33, , , 11, 559 Lianjian 33, Wuxiangxian, Suyunuo, Nanjing 11, Yanhui 559
Guangxi 4 ,97032, 99, B Nanyangzhan, 97032, Gui 99, Zhengang B
Yunnan 4 1, 1, 2, Dianxiangyou 1, Dianruiruan 1, Dianruiruan 2, Mowanggu
Hubei 3 , TP98-1, 92-8 Yunnanbai, TP98-1, 92-8
Henan 3 5, 6, Xinjing 5, Xinjing 6, Yushanheixiannuo
Guizhou 2 110, Guiyu 110, Xuxuzhan
Unknown 4 T154, 16, 399, 57 T154, Wanjiaxiang 16, 399, Hui 57
E4M Introduced 58
28 IR20, IR24, IR28, IR29, IR35, IR44, IR50, IR58, IR60, IR65, IR62, PSBRC4, PSBRC4-1, PSBRC10, PSBRC20,

International Rice
Research Institute
Korea

Sri Lanka
Thailand

USA
Cuba
Brazil
Vietnam
Nigeria
India
Unknown

g P PP P W w

PSBRC28, IR841-85-1-1-2, IR5853-162-1-2-3, IR54950-181-2-1-2-3, [R63782-3-1-3-3-1, [R65598-112-1,
IR65600-42-5-2, IR66155-24-6-3-2, IR66167-27-5-1-6, IR66750-6-2-1, IR58025B, IR68888B, IRI371

290, 358, 381, 397, 418, 46, 55
Suwen 290, Suwen 358, Suwen 381, Suwen 397, Suwen 418, Milyang 46, Milyang 55
BG90-2, BG301, BG1639, B6149F-MR-6, AT85-2

RD1-20, RD1-37, RD1-38

Lagrue, Katy, Lemont

IACUBAL19, IACUBA20, IACUBAS52
lapar

Tetep

ITA233

RP2161-15-4-1

DJ60, DJ192, TRAT13, RILHO, KIL249
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Table 2 Fertility frequency and its distribution in F; generation derived from the cross between CMS-FA line and male parent (%)

CMS-FA CMS-WA Male parent
mS;gr;:rZ;t dg;rrégl(t% Pollen dye sefdézgtet?ng seeds-;leiting Pollen dye seede{%gtet(ijng seeds-ggting Pollen dye seeBdE{%gft?ng Self seed-
ability rate rate rate ability rate rate rate ability rate rate setting rate
0-10 55.5 96.4 914 20.0 30.5 20.0 0.0 0.0 0.0
Total 11-20 19.1 0.5 5.0 2.3 55 6.8 0.0 0.5 0.0
21-30 10.9 0.5 0.0 3.6 45 3.2 0.0 0.5 0.0
31-40 5.9 0.0 0.5 2.7 1.8 45 0.5 0.5 0.0
41-50 45 0.9 0.9 41 7.7 41 0.0 3.2 0.5
51-60 1.8 0.9 0.5 55 6.4 14 0.9 59 2.3
61-70 14 0.9 18 15.0 10.9 3.6 4.5 11.8 2.7
71-80 0.5 0.0 0.0 19.5 13.6 55 15.0 22.7 6.4
81-90 0.5 0.0 0.0 20.0 145 15.9 60.5 36.8 32.7
91-100 0.0 0.0 0.0 7.3 4.5 35.0 18.6 18.2 55.5
0-10 54.9 97.0 92.6 16.7 27.8 19.1 0.0 0.0 0.0
Domestic 11-20 21.6 0.6 43 25 49 4.9 0.0 0.0 0.0
21-30 10.5 0.6 0.0 3.7 2.5 3.7 0.0 0.0 0.0
31-40 6.8 0.0 0.6 3.1 1.2 31 0.6 0.6 0.0
41-50 25 0.6 0.6 25 5.6 3.7 0.0 12 0.0
51-60 1.9. 0.6 0.6 7.4 8.6 0.6 0.6 43 1.2
61-70 1.2 0.6 1.2 16.0 13.0 2.5 3.7 10.5 1.2
71-80 0.6 0.0 0.0 19.8 14.2 49 13.0 23.5 5.6
81-90 0.0 0.0 0.0 19.8 16.0 16.7 59.3 38.3 321
91-100 0.0 0.0 0.0 8.6 6.2 40.7 22.8 21.6 59.9
0-10 56.9 94.9 87.9 29.3 37.9 224 0.0 0.0 0.0
Introduced 11-20 12.1 0.0 6.9 1.7 6.9 12.1 0.0 1.7 0.0
21-30 12.1 0.0 0.0 3.4 10.3 1.7 0.0 1.7 0.0
31-40 34 0.0 0.0 1.7 34 8.6 0.0 0.0 0.0
41-50 10.3 1.7 1.7 8.6 13.8 5.2 0.0 8.6 1.7
51-60 1.7 1.7 0.0 0.0 0.0 3.4 1.7 10.3 52
61-70 1.7 1.7 3.4 12.1 52 6.9 6.9 155 6.9
71-80 0.0 0.0 0.0 19.0 12.1 6.9 20.7 20.7 8.6
81-90 1.7 0.0 0.0 20.7 10.3 13.8 63.8 345 345
91-100 0.0 0.0 0.0 34 0.0 19.0 6.9 6.9 43.1

£3 £RIACMS-FA)FIE;L 97TA(CMS-WA)BR LB LA THEREFAME L
Table 3 Fertilities of combination and parent between Jinnong 1A (CMS-FA) and Zhenshan 97A (CMS-WA)

) Cytoplasm Average rate.qf pollen Average rate o_f bagged Average rate of
Material type No. of sample dye ability seed-setting natural seed-setting
(%) (%) (%)

Male parent — 220 85.0 79.0 89.2
Female parent CMS-FA 1 0 0 2.2
CMS-WA 1 0 0 4.2
Fi CMS-FA 220 14.3 1.8 4.8
CMS-WA 220 56.3 44.4 60.0
—F; Male-F, CMS-FA 220 70.7 77.2 84.4

CMS-WA 220 28.7 34.6 29.2




1554 34

&4 CMS-FATICMS-WA XBLFRSERNMKERMBAREESHE LR
Table 4 Fertilities of combination derived from cross between domestic or introduced variety and CMS-FA

Male parent CMS-FA CMS-WA

Indicator
t-value t-value t-value

Domestic  Introduced Domestic  Introduced Domestic Introduced
85.3+7.6 82.9+8.4 2.01 13.6+14.8 16.2+19.2 0.94 58.7+30.9 49.7+£35.4 1.83

Pollen dye ability rate(%)
81.1+11.4 73.0+16.3  3.49 1.4+7.5 3.1+11.8 1.03 48.5+34.6 33.1+31.9 2.97

Bagged seed-setting rate (%)
90.5+7.1 85.3+11.8  3.16 4.6+9.7 5.4+12.3 0.49 63.8437.6 49.2+36.2 2.56

Natural seed-setting rate (%)
85.6+9.7 80.4+13.6  2.68 6.5+£12.2 8.2+15.8 0.74 57.0£¢35.0 44.0+35.2 242

Mean (%)

Data in the table are meanstSD. Sample numbers of domestic and introduced varieties are 162 and 58, respectively. toos = 1.96,
to,01=2.58.

x5 CMS-FA RS F RUMFERAZRIAE
Table 5 Parent utilization rate in CMS-FA system revealed by F; performance (%)

CMS-FA CMS-WA
Fuf
Fu/ parent Pollen dye Bagged Self . Pollen dye Bagged Self seed-setting

ability rate seed-setting rate SeEdr-;;ttmg ability rate seed-setting rate rate

F, =10%*° 55.5 91.4 96.4 20.0 30.5 20.0
>10% or <80% " 44.0 8.6 3.6 52.7 50.5 29.1
=80%° 0.5 0.0 0.0 27.3 19.1 50.9
Parent for hybrid 55.5 91.4 96.4 47.3 49.6 70.9
44.5 8.6 3.6 52.7 50.5 29.1

Non-parent for hybrid
*Values of P, B, and S are all no larger than 10% (<10%); ® Any of P, B, and S is larger than 10% (>10%) or less than 80% (<80%);
“Values of P, B, and S are all no less than 80% (=80%).

242 HERAEH AR F ERERR FA 122 (55.5%), CMS-WA 44
1A 220 F. =10% (20.0%), 35.5 , 18
201 ,  91.4%; =80% , CMS-FA 0 , CMS-WA
0 >10% <80% 19 42 , 19.1%; , CMS-FA
8.6% 97A3 CMS-WA 98 134, 44.5%
67(30.5%) 42(19.1%) 111(50.5%) ,CMS-FA  60.9% CMS-WA
=10% =80% 39.1%, CMS-FA 55.5%,
41.8 ( 5) 16.4 ( 5)
243 FMBRAH RUMA Fy A REKE 1A .
F, =10% 212, 96.4%; 3 Wit
=80% 0 >10%
<80% 8 , 3.6% 97A 3 ,
44 (20%) 112 (50.9%) 64 ,
(29.1%) CMS-FA =10% =80% ,
CMS-WA 255 ( 5) ,
2.5 [1-3,6-24]
F1 ,

, CMS-
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