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Genetic characteristics and stability of fertility restoration genes
of K-cytoplasmic male sterile wheat

Ql zZhi, SHI Xiao-yi, MENG Li-ying, HU Gan, SONG Xi-yue"
(College of Agronomy, Northwest A&F University, Yangling 712100, China)

Abstract The K type male sterile wheat is important in wheat heterosis utilization. The stability of the sterility and its
fertility restoration have great significance. With two K type wheat male sterile lines,21 restorer lines and two reference
materials as test materials, hybrid combinations were used in this study. The results showed that the sterile gene of rf in
K type wheat male sterile wheat was mainly transferred by the female gamete, the sterility gametophyte. Sterility was
controlled by 2 pairs of additive-dominant main gene additive-dominant polygenes,and the effect of the first main gene
was stronger than the second gene. In F, populations, the gene was 62.44% , polygenes inheritance was zero and the
variance of environment accounted for 37.56% of the variance. The result showed that the type of wheat male sterility
was given priority to the main genes and also influenced by multiple genes and the environment. The study also showed
that the interannual fluctuations of sterility stability was very big in the K type cytoplasmic male sterile wheat, but
through screening the high degree of recovery and stable restorer lines, would be further supporting the hybrid wheat
breeding.
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KTP116A 5 4 P & (P,) 00 (48) 3, CYLO5,
SN33 fl R392 4438 10 A% F, Fl 132012 4F,F, H
LA EF, Ff 52012 45 10 A BK#E Py (30 Hi, 2011
AEBYRE AR A BE B SR T L P, (150 KD L Fy (150
BN F, (300 B>, 2013 4 3 A, 4 BEEIKRM P
P, Fy Fl F, 43 bk g . TIF ARG 20 0 42, I 4
EEEse: 9
1.2.3 KAEDNEFHRRBRTHAFT
2011 4 5 H—20134E 5 A K BUNERMEAT
Z KTP116A 43515 19 MR E R XN501,XN822,
SN342, 696B1, KD509, WM5-5, 223Y., F26. Z9,
R198.R354,X197,223D3.CYL05,5506 ,R159-121,
76 .SN33 Fl R392 L4l A Fio 4350 T 2011.2012
2013 4F 10 H 5 HHEHM, LI/ME 22 FJE 2 18
XF B HEAT A PR MR
1.2.4 HEHH
SR FH 26 A A A5 < kAR 0 MR 2 B A M
27 (sin. exe) $EA7 358 4% 155 1 43 7 , 3 B 05 O 38t 1% AL
AL SR E Al TE — B it A% 2 80m B st il 280 R
Excel il SAS Gt it 43 A 4k 3047 B0 Hie b 21
DL A 50 45 41 A A4 RE AR AR ] B Fh R P b ok
MR K200 L AL X .3 REE . 417
X .47 1 m. 1780 25 cm, #kHE 6. 6 cm, A\ T H 4
RS A& BT 15 B0 AR BRIR R

2 HRE5SMH

2.1 KEEHERFNEZREREERNEEHS
Bl TR B 46 46 0 10 & M B8 2 I ik
RERH A 1 35 A i 42 4. Al e KB /N &2 4 52
WA Rf/rf. WRMEHEMFEAT. LIS HE
ANEFR/WE ZFOF, R F R A rf 30 1E % 7]
B GHZ xR ERFEN . F, AAFH®RES
AIEREC G 1 s 3 Mk B FIRAE , 1
ARG F, R T4 50%8 R TFIEWATE .,
HA SOV rfRFME.F, P EAFHRBIA. H
1 R[50, BAR 00(48)3,R392,CYLO5 #l YN23 J5

X100



14

S L I A N s S

2015 4E 45 20 %

PR A B 23 AN 7 0k (G I fid 25 BE98 LE 451 L 15 )
1 K B2 575 57 1 #5707 Beu v 1 52 36 IA) A e T 1

H 2

JUF- A B 38 i METRC 4% 3 K 284 40 i S5 /D 22 i P A
BRMOE TR T LA,

1 TMEEE RBERRERGAE
Table 1 Frequency of F; sterile plants in seven combinations
ke, SR ] H A B REBE/ N
Hybrid Number of total plants Number of fertile plants Number of sterile plants Sterile rate
KTP116A/00(48)3 131 129 2 1.53
KTP116A/CYLO05 119 119 0 0
KTP116A/SN33 230 230 0 0
KTP116A/R392 269 268 1 0.37
KTP3315A/CYLO05 150 148 2 1.33
KTP3315A/X197 117 117 0 0
KTP3315A/YN23 187 186 1 0.54
2.2 KEBEWHNMNEREFRANES 527 AR X 3R KTP116A/R392 1y 45 5 %

PR AR K e Rl — AR B 2845 58 8 (3R 2
KL FEA R B, 5K R R AN, B
KTP116A/R392 i [ 3¢ 45 52 2 W Ik T K &2 B A
25 S hh iy By S AR S 52 R W) B Tk 2 o
A 45 52 R R KTP116A/SN33 4 4% 52 % &
ik 95. 96 %0, R B HAK & g 8 M KTP116A/00
(48)3 Fl KTP116A/CYLO05 -3 B 38 45 52 K 43 5l
k90, 04 %6 F1 84. 97 %, =5 T ACA L L, 37 B K

(85. 02V IR TFACA A & 550 R, R HWE 1 i
55 . R AR BUME R O R T HL AR S —
HKE R IR X KTP116A 1Y 7 £ &
BEBL . (NS A A0 F AR E M0 LT
45RO L00(48)3,SN33 Fl R392 FFBL4H &0 E
75 Ak R 5 KL T CYLOS T it 21 & 1k A2 45 Fa
FE S UL CYLOS By ik &2 JL I wT ) F K 7Y e
HEARB/NERE FANIES .
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Table 2 Fertility performance of fertile plants in different populations
wa AL H MR Fertility distribution a2
Gene-
Hybrid = . 0~9 10~19 20~29 30~39 40~49 50~59 60~69 70~79 80~89 90~99 100 Lants Average
A 20 20 0
00(48)3 R 7 11 2 20 83.51
F, 11 9 20 90. 04
F, 6 2 2 9 4 12 27 45 19 4 1 131 64.71
CYLO05 R 5 9 4 2 20 77.12
F, 4 13 3 20 84.97
F 0 0 2 5 6 10 15 31 26 20 4 119 74.21
SN33 R 12 6 2 20 89. 38
F 3 17 20 95. 96
F, 8 15 11 17 15 22 31 41 44 22 4 230 61.97
R392 R 11 9 20 88.92
F, 1 14 ) 20 85.02
F 8 6 4 8 19 28 41 77 53 20 > 269 67.83
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3 2 AJALR392 IR E R F, AAREIR M & 4
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Table 3 Max-likelihood values (MXL) and Akaike information criterion (AIC) values of
different genetic models in KTP116 A/R392 combination
g TR AG T b A . S v DU
Model Max-likelihood value(MXL) Akaike information criterion( AIC)
1MG-AD —819.929 8 1651.859 5
IMG-A —820.817 0 1651.634 0
1IMG-EAD —837.904 4 1 685.808 8
1MG-AEND —824.615 8 1659.2315
2MG-ADI —771.265 8 1564.5317
2MG-AD —821.630 7 1657.261 3
2MG-A —822.534 7 1 655.069 3
2MG-EA —822.5350 1653.070 1
2MG-AED —848.994 3 1707.988 6
2MG-EEAD —837.136 1 1 682.272 2
PG-ADI —760. 369 4 1532.738 8
PG-AD —825.927 9 1661.855 8
MX1-AD-ADI —753.861 3 1523.722 6
MX1-AD-AD —831.593 1 1677.186 2
MX1-A-AD —825.926 9 1663.853 7
MX1-EAD-AD —825.926 9 1 663.853 7
MX1-AEND-AD —825.926 8 1 663.853 6
MX2-ADI-ADI —753.576 4 1531.152 8
MX2-ADI-AD —753.385 8 1524.771 6
MX2-AD-AD —753.863 4 1517.726 7
MX2-A-AD —825.926 9 1657.853 7
MX2-EAED-AD —825.926 8 1 655.853 6
MX2-AED-AD —760.976 6 1527.953 2
MX2-EEAD-AD —825.926 9 1 655.853 7
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1M 26 FE R AL R (W2, ) N 0, AT RE & 2 38 [H it 4% 7 22
FHXTEE /N BB B R T 22 W R . 25 bkt
PRI 43 47 AT LA L KTPI16A By HEPE T 132 2
X — S S PR hn P — S 2 S PR e [ s o

%* 4 KTPL116A/R392 A& B EEESHAMET
Table 4 Estimated genetic parameters of genes controlling fertility in
KTP116A/R392 combination

—rigfe S

First order genetic

ftiiHa

Estimate values

Zhrigfe S

Second order genetic

fhiiHE

Estimate values

parameters parameters
d, 23.356 8 7 54,271
dy 7.613 5 G 33. 887
ha 23.000 2 oy 0
hy —3.626 9 & 20. 384
i R/ % 62. 440
Jab R/ % 0
T 7/d, 37. 560

TE s do Ay IMERIONT 5 b 0 Ry s SEAEZEONE 5 40 P SR LA 5 5o P g s S DO EAR 5 o 0 R
BITT 2 5 G s BN TT 25 0« IR T 225 S IR T 25 1y« 2R PR 8045 2865 1« 20 R A gt

e, — AAFTE.

Note: d, and d,: Additive effect; h, and h,: Dominant effect; i; Additive X Additive interaction;

jaw and ju : Dominant X Additive interaction; o5 : Phenotypic variance; oy, g: Variance of

majorgene; a5, : Variance of polygenes; o° : Variance of environment; h, : Heritability of

majorgene; hj, : Heritability of polygenes;—:Inexistence.
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Table 5 Interannual change of fertility restoration in K type male sterile wheat
2012 4F 2013 4F 2014 4
aa e e e gk T i
Hybrid Seed-setting Seed-setting Seed-setting Seed-setting Seed-setting Seed-setting
rate rate rate rate rate rate
KTP116A/R392 78.0 108.0 61.0 85.0 85.5 95.6
KTP116A/XN501 80. 1 109. 5 50.0 73.0 32.5 52.4
KTP116A/XN822 74.9 111.0 44.0 62.0 45.6 58.3
KTP116A/SN342 73.7 99.6 52.0 72.0 — —
KTP116A/696B1 72.4 115.2 84.0 62.0 50.5 72.3
KTP116A/SN33 90.0 123.0 44.0 68.0 54.6 78.5
KTP116A/KD509 77.8 109. 1 66.0 104.0
KTP116A/WM5-5 77.1 101.2 71.0 94.0 75.4 95.4
KTP116A/223Y 84.0 118.0 77.0 110.0 81.2 121.3
KTP116A/F26 63.0 83.0 33.0 46.0 39.4 49. 3
KTP116A/Z9 55.7 80. 2 78.0 109.0 75.8 93.9
KTP116A/R198 72.0 93.0 40. 2 55.4
KTP116A/R354 64.0 88.0 24.6 32.8 79.7 11.3
KTP116A/X197 84.6 130. 6 90. 2 142.9 91.5 141.3
KTP116A/223D3 90.1 135.2 89. 4 139.8 95.5 131.1
KTP116A/CYLO05 80. 1 107.3 79.5 108. 4 82.3 111.0
KTP116A/5506 78.6 115.3 42.7 58.2 77.8 98.1
KTP116A/R159-121 72.7 94. 4 69.7 98.3 71.9 95.4
KTP116A/Z6 78.5 112.4 75.6 108.0 73.3 101.2
/IME 22(CK) 81.0 123.0 78.3 123.1 82.3 125.2
J&l 2 18(CK) 90. 1 128.9 85.2 132.2 84.6 130. 6
Wra: E R b EBRE; — BRER
Note:a: Domestic method;b:International method;— : Missing.

5REZBIEE R A AR BRI NE K
MAERBETRTEAT. SIAEZEE NI GF
PEBREXT /N B R HEAT AL F 5T ARG B M4 L
1) By 056 kA 35 AR B T 5 o O S i
IEAFSE A AR 3318 (Ml F ES210) [ F it 44 i
2 5% e P i DA s R B A A o T 1 3k 4%
i IESE YS BUR SORF R M MR B A2
200 S5 35 DR 9 TR s 22 2 5K ek A 3 PR A s o
X LB AT 5T B 52 41 18] 5 BRASR 1) 52w, [W] B 40F 5% & 1Y)
T AT — R R 22 B T 36 A A R

F14) L A0 5 P AR B AR 2 A AR TR B st A A 7Y
GIAT OV S B R A AT I O R BRI AT 43 S 4%
BT 45 AT B Ry 0 . AR BF 9 A 35t A% ff B SE 2
FH A+ Z R B AR KTP116A/R392 & Y
4 AR (PP, Fy HFo) FEAT 4347, I 42 58 7T BE Y
B rp Bk Y el B A L ke TN R o M AR
1 3 W

X /NDF AN R RE A 8t 15 SR X AL AL/ 22
NEHRFT IR R B PEW S LK 2 % &L
B DR 22 5% Bl s 3k PR 4 o A A0 R TR A st



18 HOE R O K % IR

2015 4E 45 20 %

PR RN e MR B R XND126 13 38 /N 27 2% 32 Y
WA AT N RN /INZE MEME T 22 2 % R
+ZRF B AN 2 XF RO Z A BAERL
IV 5 K 37 S-S R TR A a8t A5 A5 TR 4 T Ol T R A%
HEVEAR T & BS210 5K & (BY149 Hl 0201) i il
(24 22 A B M AL 200 . T E M 2 X
— Pk — A M 2 R P — I 2 R D AR ) 4
il 5 #v ik SO R IR O R TN A (A4
S5 38t A AT AT 0 0 RN g AT S Uk T R R
INFE SR B EYE N T R BS366 1Y H AL RZ 2
X F2HE PR P B 32 s A R R s . A ST A
P K BUNEZ VAT R st B AT 0 B R
ZRBNE AT RZPA 2 A FEUEEH, [FEZ
ZHF A EZN W, K B/NERNT R T MR
KB R AP — L% K BRE/NEF Mg
B T AR .

IKFE A CE 5T e i) — R E SR 5 A
[F] 19 A A 2% 52 Ji 1 36 B0 H S [ 19 38 4% &L, AR A 5%
BEXTAS [ 24 B 2R A7 T 9 2 4 B[] 22 £k 1) AH
RS K H00 R 52 R A B 1] AR AR AR K L
— LU NE AT R R 2 A
Mrfr A — e OCF B R G 2 R X S
HATAERAEZEZ X, B, o] LUK E A bR
] A8 A B K1 S P EAT 2458 ARG S R E RINAE
W — L E MR B G O XN E A E R
B R E VAT R A BB SE, NI F
IS IR Z S R A A8 /N 22 B B F AR AR 3R
1 BTHK .

2 % X W

(1] BERESE. W R B RIOEE e 3 K R b i i ot S L. B 5
#2.,1995 (11):46-48

(2] XUSEHT, Ph 2B, m PRk, 3. K AU/ 40 MM R B 4
RS a8 A WEFE (0], I AR AR R 25441, 2000, 31 (1) - 11-14

[3] Mukai Y, Tsunewaki K. Basic studies on hybrid wheat
breeding: . A new male sterility-fertility restoration system
in common wheat utilizing the cytoplasms of Ae kotschyi and

Ae wvariabilis[J]. Theor Appl Genet,1979,54:153-160

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

TR A R MBS BN AR F R a5 ],
VEWI 2 412,1989,15(1) :1-10

BHRE NEFUAE RSN HLCT/ /BRI 22 fh/h
WS E R, 5 R . b st b sl K2 A, 1990
110-136

B, KB B 2R N R S [MO. db st b R R
#1,1993:80-98

RS IB/IR ANEMEVEARN B RG-S A RIS Ea s [)]. i
2 42,1992,19(3) :266-277

R R PRIE L SE ST, 45 K BN M VE R & R AFSE 5
JHLT]. Beva ol BH4%,1990,3(2) 1 2-4

faffEan. —Fik E /D EZ AR T RERMAE R ELPL.
sRE LA, Z21.94116837. X, 1994

KEDL. MG AR MR, % dE 1B/IR 2RAIM 1B/1R 2K/ E K
THEVERE R P[], bR MR K2 2E 42, 2002, 30
(1):1-4

IhA e, SR L R B, 4. 1B/1R 53E 1B/1R /hE K B
AE R ). bk 24, 2006,21(4) :5-8
B e, BEOCH R M B R MR AL R R M. db st b
TURH AR AL, 2003

R4 A REE L XA, % K 8 1B/1R B /N E itk A & &
A PR S 5t A (M /B R, 2 /N 22 i ot g bt . ARl
AL, 1993:87-92

TR A, PR KRS A AR T AR R T 1 B A
()] fEW2 4R ,1987,13(1) : 23-28

R . BT TR 2 32 RIRE K 52 0 DR 1 3 A P 5 [ . AR R 2
% .1985,14(3) :194-202

VLB PR A B RN E R T R-K V R
WFFELT ] IR AR R 47,1992, 23(1) :1-8

OB S8 /INT X4 AL A5 /N 22 8 TR SO R R T 9 )
)], 2R, 2004,31(3) :293-298

REBL AT, DA, 5 NERBAE R A REAE
PRI LT ). P AR BL 2, 2005, 38(6) : 1095-1099
XU/NTS AR B 4, 45, AL BUNE FHRE FRHN £
BPNR A 8L 0], Biss Aol B4, 2010,47(7) :1332-1335
Bl R, o] N M E R+ 2 RN
BE B, 815 ,2006,28(12):1567-1572

TR B AR N E RO ER E R BS210 B
PR E R + 2 5 KR A st 1L 4 B L. 1R % 4. 2007, 33
(9):1553-1557

IR RS B L N E IR BUREE R R BS366 B
PER 8% 4T [0, A gl K22 4R , 2009, 28(6) :655-659
BT XN ECH, FHERAR S KRR S AR R AR T RA
BB AL T ()], T EKRERFA%,2006,20 (4):372-378

B 2

TG, AL



