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Genetic Analysis of Fertility Restoration of T-type Male Sterile
Wheat by the Mixed Model of Major Gene—+ Polygene

WU Bingrui, WANG Shiyin, LI Tianyu, PANG Yuhui, MA Zhihui,
LI Jiachuang, LI Jiaojiao, WANG Liming, DONG Puhui

(College of Agronomy, Henan University of Science and Technology, Luoyang, Henan 471003, China)

Abstract; In order to explore the genetic mechanisms underlying the fertility restoration of T-type cy-
toplasmic male sterility(CMS) in wheat, the restorer line T16-2-1R was crossed with the sterile lines
T9023A and T-Luohan 7A to create hybrid combinations. The parents of the two combinations as
well as the F, and F, generations were investigated for fertility. A mixed genetic model major gene +
polygene was employed to analyze the inheritance of fertility restoration in the T-type sterile lines.
The results showed that both T9023A/T16-2-1R and T-Luohan 7A/T16-2-1R combinations of restor-
ative inheritance were controlled by two pairs of additive-dominant-superior major genes + additive-
dominant polygenes, and both of them had reciprocal effects. The heritability of the major genes in
the combination of T9023A/T16-2-1R was 98. 6405 % , and the heritability of polygenes was 0. 2283 % ;
the heritability of the major genes in the combination of T-Luohan 7A/T16-2-1R was 98.1538% , and
the heritability of polygenes was 0. 1364 %. These findings suggest that the heritability of the major genes for
fertility restoration in T16-2-1R is very high, enabling effective selection in early generations.
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Table 1 Analysis of seed-setting rate of the restoration lines and F, population %

kU FIME AR 53 i 22 AR5 AR

Source Mean Range of variability Standard deviation Coefficient of variation

T16-2-1R 84.90 78.26~95.65 4.39 5. 17
T9023A/T16-2-1R 72.89 65.79~79.55 4. 65 6. 38
T-Luohan 7A/T16-2-1R 81.88 73.81~91.67 5. 66 6.91
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Fig. 1 Distribution of F, self-crossing fertility of T9023A/T16-2-1R (A) and T-Luohan 7A/T16-2-1R (B) combination
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Table 2 Analysis of a mixed major gene + polygene genetic model

. T9023A/T16-2-1R T Luohan 7A/T16-2-1R
Model MLV AIC MLV AIC

1IMG-AD —758. 107 1528. 214 —938. 647 1 889. 293
1IMG-A —758.107 1526. 214 —938. 647 1887. 293
1IMG-EAD —758.160 1526. 321 —953. 688 1917. 376
1MG-NCD —737.310 1 484. 619 —919. 759 1849.518
2MG-ADI —570. 172 1 162. 344 —1754.035 1 530. 070
2MG-AD —596. 042 1 206. 083 —763.803 1541. 607
2MG-A —622. 237 1 254. 473 —1798. 995 1607.991
2MG-EA —1 242. 294 2 492. 588 —837.730 1 683. 460
2MG-CD —11322.105 2 654. 209 —807.718 1625. 436
2MG-EAD —623.196 1254391 —796.732 1601.464
PG-ADI —639. 753 1291.507 —827. 996 1667.993
PG-AD — 648, 421 1 306. 841 —841. 148 1692, 297
MX1-AD-ADI —603. 706 1223.412 —1770. 272 1 556. 544
MX1-AD-AD —604. 499 1222.998 —790. 681 1595. 361
MX1-A-AD —628. 921 1269. 841 —1786. 040 1584, 081
MX1-EAD AD —604. 570 1221, 141 —804. 574 1621, 148
MX1-NCD-AD —647. 654 1 307. 308 —840. 715 1693. 431
MX2-ADI-ADI —569. 951 1163. 902 —768. 060 1560. 120
MX2-ADLI-AD —570. 272 1158. 544 —749. 318 1516. 635
MX2-AD-AD —574.628 1159. 256 —767. 470 1 544. 940
MX2-A-AD —611. 554 1229. 107 —1785. 020 1576. 041
MX2-EA-AD —638. 090 1 280. 180 —823. 821 1651, 642
MX2-CD-AD —604. 561 1215. 121 —804. 565 1615. 130

MX2-EAD-AD —639. 983 1 283.966 —825. 968 1 655. 936
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BRI P<C0.05 M gtit &k 24. 719 1.1. 676 1,
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% 2 f8%0 T-Luohan 7A/T16-2-1R & h
MX2-ADI-AD 1 2MG-ADI #: %1 () AIC {8 #H %}
N4 1 516,635 F1 1 530,070, HE 4 F
i, MX2-ADI-AD BRA 4 A58t a1k 5] 2 3K
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2MG-ADI #E R 3K 3] 8 F K gt =k 6 4.4
WA 24,557 7.1.681 3.0. 527 2.4. 085 0,6.589 4,
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T16-2-1R 41& By Feil 7 MX2-ADI-AD,
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Table 3 Fitness testing of the T9023A/T16-2-1R population genetic model
— X
1\1/:[%0%231 Gerjl-%r{attion Ui? U.* Us? nW* D.
MX2-ADI-AD P, 0.000 0€0.994 9) 0.052 1€0. 819 4) 0.789 4(0.374 3) 0. 050 2(0. 875 3) 0.134 1€0. 818 5)
P, 0.008 2(0.928 0) 1. 350 1(0. 245 3) 24.979 6(0.000 00 * 1.667 4(0.000 0)* 0.505 8(0.000 0)*
F, 0.182 7(0.669 0) 1. 254 6(0. 262 7) 7.979 2(0.004 7> 0.268 6(0.172 7) 0.226 0€0.222 5)
F, 0.021 2(0. 884 3) 0.021 9€0. 882 4) 0.000 0€0.977 9 0.224 5(0.228 3) 0.149 2(0.025 0) "
MX2-AD-AD Py 0. 027 3(0. 868 8) 0. 149 1€0. 699 4) 0. 819 4(0. 365 3) 0.056 5(0. 837 4) 0.127 1€0. 863 3)
P, 0.112 7€0.737 1) 0.842 6(0.358 7)  24.719 1(0.000 00* 1,676 1(0.000 0)* 0.521 6(0.000 0)*
F 0.471 0€0.492 5) 1.972 2(0. 160 2) 8.757 9(0.003 1) * 0.312 1(0.1315) 0.251 3(0.134 0)
F, 0. 098 2(0. 754 0) 0. 059 8(0. 806 8) 0.055 4(0. 814 0) 0.254 9(0.188 1) 0.161 5(0.011 8~
U 2.U2 U3? T =R AR K 52 W2 Sl Smirnoff K% 3D, i Kolmogorov #5563 555 N P {H; * F/RTE 0. 05 KFEEH B,
F 4,
U,%, Uy?, and Uj3? indicate the three homogeneity tests; nW? is the Smirnoff test; and D, is the Kolmogorov test; P values are in

parentheses; * indicates significant differences at the 0. 05 level. The same in table 4.
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Table 4 Fitness test of the genetic model for the T Luohan 7A/T16-2-1R population
] )
1\1/:1%03%1 Gerlllirfﬁion U2 U? Us? nWw? D.
MX2-ADI-AD P, 0. 035 3(0.851 0) 0.063 4(0. 801 2) 0.078 1(0.779 8) 0.043 2(0.915 8) 0.123 1(0. 886 8)
P, 0.133 1€0. 715 3) 0.789 4(0.374 3) 24.668 4(0.000 0)* 1,677 7(0.000 1)* 0.523 5(0.000 0) *
Fy 0.121 1€0.727 9 1. 353 8(0.244 6) 10.933 5(0.000 9)* 0.306 0€0.136 6) 0.239 3(0.171 5)
F, 0.018 2(0. 892 6) 0.016 1¢0. 898 9) 0.000 2(0.988 2) 0.089 1(0.653 1) 0.095 1€0.174 3)
2MG-ADI Py 0.009 5(0.922 4) 0.032 2(0. 857 7) 0.115 6(0. 733 8) 0.037 8(0.944 2) 0.096 9(0.982 5)
P, 0.177 7(0.673 4) 2.712 8(0.099 5) 24.557 7(0.000 0)* 1.681 3(0.000 1)* 0.527 2(0.000 0) *
F 2.029 6(0. 154 3) 4.085 0€0.043 3)* 6.589 4(0.010 3)* 0.390 3(0.079 9) 0.319 1€0.026 0) "
F, 0.035 0€0. 851 6) 0.098 7(0.753 4) 0.283 3(0.594 5) 0.109 6(0. 548 6) 0.102 0€0.120 4)
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Table 5 Estimated values of genetic parameters for the optimal model

— % fE1H{E Estimated value “HEH it Estimated value
Ist-order 2nd-order
parameter T9023A/T16-2-1R T-Luohan7A/T16-2-1R parameter T9023A/T16-2-1R T-Luohan7A/T16-2-1R
d, 29.646 8 33.187 0 Gl 1 188.954 0 987.310 5
d, —6.230 3 —5.056 7 0% 2.751 8 1.3719
I —9.169 8 —22.001 5 hag /% 98.640 5 98.153 8
hy —1.580 8 —9.241 0 R/ % 0.228 3 0.136 4
i 9.128 7 9.379 5
o 13.778 1 5.195 1
Jba 42.066 2 30.678 3
[ 24.527 4 46.605 8
[d] 19.034 0 14. 320 2
[h] 25.737 3 33.203 4

dody EFEFEIMERLR 500 hy  EFEF BN ;0 M X BB AR j o e X BT A REXIEE AL B X BHEE
P sLd ] 23PN s [h ) 23 BN 00, ERE T %500,  ZIH T 250k,  BIBE AL R LG,  ZILF AR,

d.» d,: Additive effects of major genes; h,» h,: Dominant effects of major genes; i : Additive X additive interaction; j. : Additive

X dominant interaction; j, : Dominant X additive interaction; /: Dominant X dominant interaction; [ d ]: The additive effect of polygene;

[h]: The dominant effect of polygene; o2, : Variance of major gene; o3, : Variance of polygene; h2, : Major gene heritability; h%, : Pol-

ygene heritability.
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