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Hereditary stability and restoration of thermo-photo-sensitive
male sterile line BNS of wheat ( Triticum aestivum L.)
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LI Gui-dong,ZHANG Miao,SHEN Fang-di, MA Ling-jian

(College of Agronomy . Northwest A&F University .Yangling s Shaanxi 712100, China)

Abstract: [Objective] This paper investigated the hereditary stability and restoration of wheat male
sterile line BNS. [Method) Sowing of BNS at different dates (2011-10-08,2011-10-28,2011-11-11,2012-02-
13,and 2012-03-12) ,crossing of BNS with 680 conventional cultivars,and reciprocal crossing between BNS
and YS type thermo-photo-sensitive male sterile line 732A were conducted to study the hereditary stability
and restoration of BNS, and the relationship between BNS and other thermo-photo-sensitive male sterile
lines. [Result) (1) As the delay of sowing date, the booting stage to heading stage reduced significantly
ranging from 19 to 9 d with the increasing self-seed rates of BNS,18% —126% (international) and 7% —
79% (national). However, the self-seed rate of BNS sowed in late spring was lower than that in early
spring. The self-seed rates from different sowing dates were low and stable,11% —18% (international) and

3% — 6% (national). (2) Three fully fertile plants BNSB1, BNSB2 and BNSB6 were found from BNS
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sowed in autumn and all populations were also fully fertile plants after harvest and normal sowing in au-

tumn. Their self-seed rates were close to that of Xiaoyan 22. (3) A total of 16 restorer lines with restoring

rate up to 90% C(international) were selected from the 680 combinations,accounting for 2. 35% of the to-

tal. 7 out of the 16 restorer lines with restoring rate up to 100% (international) were higher than their

male parents. (4) F, of reciprocal cross between 732A and BNS were all fully fertile plants with interna-

tional self-seed rates of 38.89% and 40. 63% ,respectively,and promising restorer lines of 732A were not

selected as the restorer lines of BNS. There were no allelic male sterile genes between BNS and 732A.

[Conclusion) The thermo-sensitive male sterile characteristic of BNS can be inherited stably. BNS was non

K type male sterile wheat line.

Key words: thermo-photo-sensitive male sterile line; BNS wheat; BNSB wheat; 732A wheat; heredity;

restorative;allelism
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Table 1

Growth stages of BNS with different sowing dates

BNS [ 3245555/ 1% 1 22 CLE 5 BAHE ) WRAT 45 595 3%/ %4

3] Zh Bilipa| FF4E 4 Self-seed rate of BNS Self-seed rate in the following year
Sowing date Booting Heading Flowering [ o N [ o = [# N
International National International National
2011-10-08 03-28 04-16 04-29 18 7 11 3
2011-10-28 04-06 04-19 04-30 52 36 16 6
2011-11-11 04-17 04-28 05-08 91 63 13 3
2012-02-13 05-02 05-12 05-22 126 79 18 6
2012-03-12 05-04 05-13 05-23 73 60 13 4

2.2 BNSBHIFRIEERZRE
B 2011 4F IE# Bk 79 BNS BEIR IR 19 6

S¢ 4T B RAE 2012 46 1E M 0B 5 11 3045 S5 0L
x= 2,

X2 BNSBHBXZEIRR
Table 2 Self-crossing seed rate of BNSB

- 25 B A f‘)fér%iz/% Self seed ra‘tio _ TA{H T value ‘
Material Number of groups el B i s el B i Py ik
International National International National
BNSB1 78 82.17 50. 88 21.40 15.47
BNSB2 63 116.51 76.67 65. 82 43. 20
BNSB3 64 6.67 2.03 1. 69 1.13
BNSB4 89 15. 82 7.01 2.39"* 2,45
BNSB5 58 5.32 2.11 1.54 1. 14
BNSB6 75 69. 82 47.79 35. 83 22.00
BNS 58 13. 00 6. 00 2.88 2.31
/NME 22 Xiaoyan 22 15 109. 62 76.03 63.19 40.92

Toeow v MK CH LR ER W,

Note: * % . Mean significant difference of self-crossing seed.

i 22 2 A7 %0, BNSB1 .BNSB2 . BNSB6 14 {4 15
SRR B BRI LS SR A, Hih BNSB2 Bk
B A AE 85 S R e i, ik B T 116, 51 % CHE B i) Al

76. 67 %0 (IR PN L W T L Al /NIE 22 BNSBL
Fil BNSB6 & [ 22 45 52 R A% F 5 B0 & Fl s 8
22 (AT B F IF % Bk 3% 19 BNS /N3 . BNSB4 Bf {4k
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ANZE BRGE  E BR T A0 k3 4 SR L R
TR 19 BNS /NE K,
2.3 BNS k& RZHKIFiE

2 3 AL 680 MR A Fi B AR HE LR
(EPRED <500 LR AL A 47 619 A (&% 732A 11
99 ANIRIKE ZD i B 91 0300, b | 38 45
AR MA A 513 A, Ui B 680 AR
WA BEK E BNS MR s H 28 45 92 ([H b
BOS50NMAAH 61 4. >0 MAAH 16 4,
dT BV A 2. 35 %6 BB AUAT A 2D Ok LRI LK
BNS (A F

M3 4 /AL F H S8 SR (E bR 5 8] 90 %

LRy 16 MG A 7T AEE A SR
T 100%, H T AWM A 345K, 4 5 K
BNS/pE 4 70, BNS/#t 4¢ 6 5. BNS/rh 32 349,
BNS/KZ 989,BNS/H# % 05155, BNS/98343-3 Fl
BNS/Z5 5 6 5, Hrp BNS/ K 989 (9 F, H & 455
Rl oA #) 134, 72% CEPRIE) F1093. 06 % ([ K
. BLEHIX 16 A4 kAT LUAE S BNS #4719k &
U8 A7 — 2B R H M E .

x3 BNSEEMEMELF REXEZXZERDONSH

Table 3 Self-seed rate (international method)

distribution of F; of BNS and conventional cultivars

FL ARG5H FAR B

F, self seed rate F; number Proportion
<10 513 75.45
>10 ~<30 78 11.47
>30 ~<<50 28 4.12
>50~<70 26 3.82
>T70~<90 19 2.79
=>90 16 2.35

x4 BRELRERFRFE) >IOVHWI6ANF AAREMEANIANELR
Table 4 Seed ratios of male parent and F; hybrids of 16 recombinations (seed rate >>90%) in 2012

Zefh B A AL A/ U

RN AL A Y 5 345 525/ 4

F, d4 %W Self seed rate of F, PO AN Self seed rate of male parents

F. hybrid Rk FE Male parent e Rk

International National International National

BNS/Bk4¢ 70 BNS/Shaannong 70 122. 22 88. 89 B 4¢ 70 Shaannong 70 119. 25 89.12
BNS/# 4 6 5 BNS/Wunong 6 112.50 82.50 K& 6 5 Wunong 6 110. 54 78.25
BNS/H1# 349 BNS/Zhongmai 349 113.16 76. 32 H174% 349 Zhongmai 349 106. 23 79. 34
BNS/#i4 1 5 BNS/Xiannong 1 94, 44 55.56 A 15 Xiannong 1 93. 68 70. 66
BNS/KZ# 989 BNS/Tianmai 989 134.72 93.06 KA 989 Tianmai 989 108. 998 3.52
BNS/#EZ# 05155 BNS/Huaimai 05155 127. 63 79.50 #EZ 05155 Huaimai 05155 103. 43 78.93
BNS/98343-3 115. 00 65. 00 98343-3 102. 11 80. 23
BNS/009Y37 94.12 58. 82 009Y37 99. 87 79.63
BNS/%; 1 6 5 BNS/Ligao 6 129. 41 85.29 751 6 5 Ligao 6 101. 89 80.12
BNS/10ZC02 90. 48 66. 67 10ZC02 97.74 76.53
BNS/10ZC03 97.50 67.50 10ZC03 99. 32 76. 34
BNS/# % 15 BNS/Qunxi 1 94, 44 63. 89 BE 15 Qunxil 96. 37 78. 84
BNS/i% # 24 BNS/Luomai 24 97.83 58.70 A 24 Luomai 24 90. 26 73.92
BNS/ P4 9062 BNS/Xinong 9062 93. 81 76.43 P4 9062 Xinong 9062 121.18 76.03
BNS/K460 91. 38 67.22 K460 106. 54 84.15
BNS/N9209 91. 67 68.79 N9206 114. 68 79. 49

2.4 BNSH 732A "B EHEMEME
AR I BNS 5 732A 1F X &8 45 50 M 09 2% B 1%

BN 5 iR,

X5 BNSHETR2AFERZTGEIENER

Table 5

Difference in seed rates of F, hybrids between the crossing and reciprocal crossing of BNS and 732A

EA AR Group of crossing

J2 3E #E4& Group of reciprocal crossing

A A 4550 R /% Seed rate

Number of groups [#] R 3% International [# Py % National

25523/ % Seed rate
[# PR International [ Py National

GRS
Number of group

64 38. 89 35. 66

53 40.63 34. 86

25 AT IE T, 732A/BNS 1 F, 1F 38 Bk 4t
64 k. FEIATF ., 459K N 38, 89% ([FHPrik) fl
35.66 % (ENZ) s F [ &8 BEARIL 53 #k. ¥ R

Al E L4592 N 40, 63 % (PR F1 34, 86 % (H N
). ULEH BNS fl YS BUESUEE R E R 732A 1)
AEREH AR 3 . BNS 5 YS 8 80U



543

T R i A5 /DN A2 U B PR R T AR BINS 10 38 % AR 1 Sk B A 57

HARM 99 Mo RS, H F 1 A 459081
INF 5000, PRI YS BUR UM RIGIKE R A
REA RIS BNS /) & 2 Bt — 2w LU W] Y'S
R OMETE AR F & 732A 5 BNS AR F ALK AR
LR

3T’

ABEFE T . BNS [ 3¢ 45 55 52 b 485 1A 1) 98 38 52
Y R B A (B W R S PR F L X T B 2
PK] hy W R 1 BINS /N2 AR K ] 0 R, JHG A A KR
AR AR K B IR AR L R B RN T AN S S, A
[F] 46 151 BNS W3k /9 B 38 b+ 1E 5 Bk 5 A7) 3 LA
IR E P UG 00 KRB 52 i BNS R+ F
PR IF R 5w HOR SO B R E . A6 DAY R S S
BNS Z il 1 28 Jly 7 30 19 B () 32 387 4 e o i AR =
A6 10 B[] 52 e A K DAL okt i 00 2 e A el A A AT
252 BNS & M 19 JCH i 1,

1E T 315 1) BNSB #4 %} 1, BNSB3 . BNSB4 #ll
BNSB5 FAUH HEARMK . 5 6] 4F 1E % Bk #% BNS #1 K
BYES AR MMM 3 MERMIRMEELT 2 #
A HE : (1) BNS /N 22 422 32 HoAth 5 B (RO 4B 8 BT 155
(2)BNS TERFIR AR [H] (1 335 22 5 ir 3. BNS /N I
PR E R H MR BUARXT 5k R A0 R AR 45 8] 1)
R A AL H A H RS A L B A, B DL #E
BNSB3, BNSB4 HI BNSB5 1/} 4k J& BNS #f #.
BNSB1.BNSB2 1 BNSB6 i 4% 2 4 [ 58 4% ¢ %
Ik ) H L R A sS4 SR AR 2 RS BNS M
) EL AR RS A kL A3 3 A4 ) 1 3R A5 T fig
JE BNS 455 3 28 R 7E 5t ob B vh e Az B R 92 7% L H]
BNSB1.,BNSB2 #il BNSB6 A A 4 i 715 S 44 K, 5
BB H S BNS I E & .

TE 680 AN S I 22 41 A Hh A i %k 21 16 4> 1Kk
HER N RLHE  HF B8R (EH R 18
F 0% LA b b MAHAR 2.35% , UL X BNS K&
PRGN SRl (RO B> ZE BT AR R g B
BNS HEPEA T 9 2 538 Sy 3 3l o AER S2 5 1 h
(RO IFAZ, HAETL LB 1L 4 055525 % BNS A
BESRIRERE S . TIAES B R WL AR
78 NAeFh F, 44 P BNS/9833 . BNS/SN-055525
Fl BNS/CLO442 ) A 28 45 5L R 8 &, o 5 A
118.54% ,104. 564 % H1 102. 021%, 3K A BH"Y 1F
26 MR G EE ] 3 A BNS WK E R L 400 kI %
41 45 FH 33 1 SN014975, H 3 MHAMWE BT T
IEH X REOK . BNS Bk 2 & D, X 5 A0

AW —H. TRE R LBNS WEEANF
PEAZ 2 %F 3 JE DR A 22 3 A A ) s oL 2 X R 3R
X M A 35 A% R 5 R L M 0 e S KT
O, Ui BNS (B A S K 2 5 A0 58 458 —
.

M ISR R R YS R E R T32A H
B 3 R R O A 1 1 B S AR T 5 AR A PRI
HAEA RS, & Y i o it L 200
SrHT. KB BNS WAFTE — & MM AL . 732A 5
BN'S i i i 26 PE— 250 % 8 A7 3 Ak ik AT
BT AT MR AP b B 2 DR H RZ IR . N ik
HRRBHEAT RIEE RAFIEAL, A5 BNS
HT732AMIERZE F ARG RE /R, IERKF
R F R, R FHEIKE R AL, B 732A
5 BNS B ARF &KW HAEEFM R, T 732A 1Y 99
A ERWKE PR — A BB UK E BNS A ML
J—HAAESE 732A 5 BNS 09K & 3 AR %
i F . Ub B BNS &4k K A0 Y /N E R 2
VIS i 15 S e ey RN R0/ % SUUE 1= I S B -
HE— AR ST BNS A H JE KA 0 W5 B s A% vk

4 #5 %

FEWE 5 HORE R 5 BNS 4 /0Fh & 14, BNS By
T GO T R AT R 2 38 1% 5 22 R 2 il AR v R 2 5
M) BNS 7Nz 45 52 3 (1) G B B 191 s BNS /N it &
R E LR IR X B AR E o 5 R ARG 18] 9 i B2 2R 1k
WA A 45 4%, BNSBL ,BNSB2 il BNSB6 1] fig
SRR BB RL T — 2B ST X BNS PR 5 R 1
M (Z) &b, 732A 5 BNS #R & S B b 3k 45 4 %
#,BNS 29k K B A F 2RI

(5% k]

[1] Cox T S. Genetic improvement in milling and baking quality of
hard red wheat cultivars [J]. Corp Sci,1989.,29(3):626-631.

[2] Kramer T H. A comparison of soft red winter wheat F, popula-
tion, their F; hybrids and parents [J]. Prod Agr.,1990,3(3):
363-367.

(3] gk, A /N LRk R (M. dbar . b st el K2 At
1993.
Huang T C. Research progress in hybrid wheat [ M]. Beijing:
Beijing Agricultural University Press,1993. (in Chinese)

(4] WEEE sk E i, F A, CHA 24 B/ E R 4 IF 5% 3E e 5 30
R DD BARA L BE 2006, 6(2) :56-58.
Yao J Z,Zhang ] C,Wang Q Y. Research progress and situation
of CHA hybrid wheat in the world [J]. Modern Agricultural
Science and Technology,2006,6(2) :56-58. (in Chinese)



58 PG b A ARRE B R 27 2= 4 (A SR B2 D 43 %
[5] HEE.AEEKR. glE. S ERECHUERST/NENAT S ation of ecological male sterile wheat ES-50 [J]. Journal of

(6]

(7]

(8]

9]

(10]

[11]

(12]

[13]

[14]

[15]

BFFE WA (7). PO M AR 241, 1992, 5(1) : 1-4.
Tan C H.Yu G D, Yang P F,et al. Preliminary study on sterili-
ty of thermo-photo-sensitive genic male sterile wheat in
Chongqing [J]. Southwest China Journal of Agricultural Sci-
ences,1992,5(1) :1-4. (in Chinese)
Reddy O U K,Siddiq E A,Sarma N P,et al. Genetic analysis of
temperature sensitive male sterility in rice [J]. Theor Appl
Genet,2000,100:794-801.
Lopez M T, Virmani S S. Development of TGMS lines for de-
veloping two-line rice hybrids for the tropics [ J]. Euphytica.,
2000,114.211-215.
Sasakuma T I, Ohtsuka. Cytoplasmic effects of Aegilops spe-
cies having D2 genome in wheat: | . Cytoplasmic differentiation
among five species regarding pistillody induction [ J]. Seiken Zi-
ho,1979,28.59-65.
Murai K, Tsumewaki K. Photoperiod sensitive cytoplasm male
sterility in wheat with Aegilops crassa cytoplasm [J]. Euphyt-
ics.1993,67:41-48.
Al 5 G, B T L GFL R BUNEMETE R E R AT MEME
B EXT G AW R sni [T, FE ¥ 2% 4. 2004, 30 (11): 1176~
1178.
He BR,Dong P H,Ma L J,et al. The response of the male
sterility of A31 to photoperiod [J]. Acta Agronomica Sinica,
2004,30(11):1176-1178. (in Chinese)
ke AR, TR, N EOLOARE R 9018 B 54 R
(J]. 2 BOR M K 244171995, 23(2) :97-99.
Zhang S H, Yang Z L, Gan B J. Study of PTS male sterile
wheat 901S [J]. Journal of Anhui Agricultural University,
1995,23(2) :97-99. (in Chinese)
RG24 B 2 [ AN RO IEYE R B R LT-1-3A it
B R A G 0o (1], B oA, 2001,5(2) 1 65-67.
Zhao F W,Li H M, Li A G. Development, fertility transition
and fertility inheritance of a thermo-sensitive male sterile of
winter wheat (LT-1-3A) [J]. Acta Agriculturae Nucleatae
Sinica,2001,5(2) :65-67. (in Chinese)
Al £ G, B R B AL DR BUR A F R A3314 R
TECRFPETTSY [T, 2R AW %4 . 2003,23(1) : 1-6.
He B R,Dong P H,Song X Y,et al. Study on the thermo-sen-
sitivity of male-sterile wheat line A3314 [J]. Journal of Trit-
iceae Crops.2003,23(1) :1-6. (in Chinese)
skaEZE X WL . S IR AN e A R B N
CA9S (¥ 7 P B Hoadh o Mk a3 A [T ). 22 2B 4F 9 % 4, 2002, 22
(2):38-41.
Zhang J K,Liu G,Feng L,et al. Analysis of the fertility and
it’s adaptability of thermo-photo-sensitive genic male sterile
wheat line C49S [J]. Journal of Triticeae Crops,2002.,22(2) ;
38-41. (in Chinese)
R AR B LR A SR B /N ES50 F MR
HALH AT IE [T W Rl K22 4. B AR 2 . 2011, 27
(2):89-91.
Wu Q Y,HeJ M, Luo H B,et al. Mechanism of fertility alter-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Hunan Agricultural University: Natural Sciences, 2011, 27
(2):89-91. (in Chinese)

Ve Ja 4 Bk A SR A PR R A SS /N 4R IA 32 I &
HELEHA [T, B EFE,2003(12) :50-51.

Pang Q H,Huang G Y,Li S R,et al. Breeding and supporting
technology of two line hybrid wheat Mianyang 32 [J]. China
Seed Industry,2003(12) :50-51. (in Chinese)

BARZE B WA B R R NEHHE =43
5 [0, %Y%) . 2003,23(3) . 152.

Yang M J,Gu J,Zhou J S. The new combination of thermo-
sensitivity of Male-sterile wheat line Yunza 3 [J]. Journal of
Triticeae Crops,2003,23(3) :152. (in Chinese)

Wi R AR wli R sk R N IR TEANE R BNY LB F
PERH G IR TE [T, BB % . 2004, 24(2) - 24-26.
JiJ] H,Ru Z G,Zhang G S,et al. Study on pollen fertility and
selfed seedset of thermo-sensitive male sterile wheat line BNY
[J]. Journal of Triticeae Crops,2004,24(2) ;24-26. (in Chi-
nese)

BULL AR R, S N EMETERE R BNS K A Fh
Fi &0 L) ], Z2 2B WA 41, 2009,9(4) : 583-587.
LiLJ,RuZ G,Gao Q R, et al. Analysis on the fertility of
wheat male-sterile line BNS and its F; hybrids [J]. Journal of
Triticeae Crops,2009,9(4) :583-587. (in Chinese)

TYLAL AR H M . 45 BNS /N2 v B MR B R H
WA TERIBTSE [T, Z MY 24, 2011, 31(4) : 642-647.
Ning ] Q,Ru Z G,Zheng W J, et al. Male sterility and restora-
tion of thermo-photo sensitive male sterile line BNS of com-
mon wheat (Triticum Aestivum 1.) []]. Journal of Triticeae
Crops,2011,31(4) :642-647. (in Chinese)

ik A BH. /N2 R O M R F R BNS B M 4 A R R A
PEWFSE (D] MR 2 0w B B . 2010.

Zhang Z Y. Fertility changing and restoration of thermo-sensi-
tive genic male sterile wheat line BNS [ D]. Xinxiang, Henan:
Henan Institute of Science and Technology, 2010. (in Chi-
nese)

FBE 1. BNS /N MRS & PR A2 K IR 35 A% e P H QTL %)
HE AL (D] AR ZE% Il R ARk K5, 2011,

Wang M T. Genetic analysis and QTL priliminary mapping for
fertility of BNS [ D]. Taian,Shandong: Shandong Agricultural
University,2011. (in Chinese)

F U AN TN AR PR R ) 268 K RUAN I BT A H
R ESE L], bR, 2010,25(5) :99-103.

Xiao H F,Xie S F,Ding P H,et al. The study of k-cytoplasmic
male sterile lines in two different types [J]. Acta Agriculturae
Boreali-Sinica,2010,25(5) :99-103. (in Chinese)
TRORER ok TR, o IR 2%, S IR OB MU ME AR B /NEE BNS F 1
g AL o A LI, B AR B2, 2013, 46(8) 1 1533-1542.
Zhang B L, Zhang W D, Gao Q R, et al. Genetic analysis on
male sterility of thermo-photo-sensitive male sterile line BNS
in wheat [ J]. Scientia Agricultura Sinica,2013,46(8):1533-
1542. (in Chinese)



