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Major Plus Multi-gene Analysis of Resistance to
Powdery Mildew in Wheat Strain 09113

LI Hua LIU Lianzheng YANG Xing-sheng LIANG Zi-ying SHEN Wei-nan
XI Yagun WANG Zhu-in LIU Shu-dong
( College of Agronomy Northwest A&F University Yangling 712100 China)

Abstract: In order to realize the inheritance law of powdery mildew resistance in wheat 09113 six populations
(P, P, F, BC, BC, and F,) derived from the cross of 09113 x 11302 were used to study the inheritance of pow—
dery mildew resistance by the mixed major-gene plus polygene inheritance model with joint analysis method of mul-
tiple generations with using maximum disease severity( MDS) and area under the disease progress curve( AUDPC) as
adult plant resistance index. The result suggested that the inheritance of powdery mildew resistance of wheat 09113
of two adult plant resistance index was consistent all fitted two pairs of additive-dominance-epitasis majorgenes plus
additive-dominance-epitasis polygene model( E model) ; Two major genes was negative additive effects which can
enhance resistance the dominance effect was positive infected gene was partial dominance effect; There were variety
of effects between two major genes which can enhance resistance; The major gene plus poly-genes heritability of the
F, was the highest in segregative generation the heritability of MDS and AUDPC were 91.87% and 92.22%.
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AIC( Akaike’s information criterion) o F,
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Tab.1 The distribution of powdery mildew MDS values in populations of six generations
MDS /% / / Distribution
Model Mean MDS Numbers 0~15 16 ~30 31 ~45 46 ~ 60 > 60
P, 6 20 20
P, 80 20 20
F, 38 26 26
BC, 28 193 44 81 56 12
BC, 54 130 24 93 13
F, 40 270 23 89 57 86 15
100 -
% ] ] ] . F,
270
= e 250% ~ 480% 336%
§§ o] P, . F,
g 30 1 AUDPC 315% 15% ~ 825%
a 20 4 ) F
18 1 |—| . . . | |_| ( ) 2
0~15 16~30 31~45 46~60 >60
MDSEIE /% o
Mean MDS
1 F, MDS 2 F, P, BC,
Fig.1 The distribution of F, MDS values P, BC,
2.1.2 ( AUDPC) 6 p, 2
AUDPC o MDS AUDPC
2, 2 09113( P,) AUD- o
PC 166% AUDPC 560%
2 AUDPC
Tab.2  The distribution of powdery mildew AUDPC values in populations of six generations
AUDPC /% / /" Distribution
Model Mean AUDPC Numbers 0 ~80 90 ~160 170 ~240 250 ~320 330 ~400 410 ~480 490 ~560 >560
P, 56 20 13
P, 687 20 20
F, 336 26 12 9 5
BC, 204 193 15 67 20 17 5
BC, 403 130 4 30 35 33 17 11
F, 315 270 29 44 30 44 38 23 22
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Tab.3 The maximum log likelihood values and AIC values under various models estimated
AIC AIC
Model MLV AIC value Model MLV AIC value
A -2 666.219 7 5340.439 5 D -2 556.574 2 5137.148 4
A2 -2 666.230 0 5 338.460 0 D4 -2569.141 6 5156.283 2
A3 -2714.938 5 5435.8770 D=2 -2569.138 7 5154.277 3
A4 -2766.677 0 5539.354 0 D3 -2 569.740 2 5155.480 5
B4 -2574.716 8 5169.433 6 D4 -2566.328 1 5 148.656 3
B2 -2590.244 9 5192.489 7 E -2551.648 2 5129.296 4™
B3 -2591.1470 5190.293 9 E-4 -2553.2817 5136.563 5
B4 -2592.250 2 5 190.500 5 E=2 -2569.037 8 5160.075 7
B-5 -2 674.567 1 5357.134 3 E3 -2562.958 0 5143.916 0
B-6 -2 674.567 1 5355.134 3 E4 -2568.715 6 5153.4312
C -2 556.577 4 5143.154 8 E-5 -2 578.570 8 5175.141 6
c4 —-2589.3235 5192.647 0 E-6 -2678.475 6 5372.9512
D AlIC 5
Note: ** . Show the AIC values of the candidate genetic models. The same as Tab. 5.
4 MDS E EA
Tab.4 Tests for goodness of fit of model E and E4
Statistics
Model Generation U U; U; nW2 Dn
E P, 0.012(0.911 5) 0.469(0.493 4) 5.332(0.0209) " 0.427 4 0.307 1
F, 0.007(0.932 8) 0.373(0.541 4) 7.667(0.005 6) " 0.663 0" 0.331 6
P, 0.000( 1.000 0) 0.289(0.590 7) 4.627(0.0315) " 0.388 6 0.250 0
BC, 0.015(0.902 6) 0.079(0.779 1) 0.420(0.516 9) 0.254 7 0.099 5"
BC, 0.123(0.725 3) 0.178(0.6729) 0.107(0.743 2) 1.1322° 0.213 8"
P 0.012(0.913 5) 0.005(0.942 0) 0.017(0.896 7) 0.452 9" 0.110 2"
E, | 0.001(0.979 1) 0.369(0.543 7) 5.416(0.020 0) " 0.426 1" 0.300 9
| 0.049( 0. 824 3) 0.222(0.637 2) 7.542(0.006 0) " 0.6657" 0.323 4"
P 0.002( 0.964 4) 0.338(0.561 2) 4.628(0.0314)" 0.388 9 0.255 4
BC, 0.007(0.931 8) 0.010(0.919 4) 0.542(0.461 6) 0.243 0 0.087 2
BC, 0.144(0.704 1) 0.232(0.630 1) 0.207(0. 648 8) 1.1297° 0.213 4’
F, 0.052(0.819 1) 0.007(0.9326)  0.299(0.584 5) 0.483 3" 0.106 7"
;nW2  Smirnov ;Dn  Kolmogorov * 0.05 . 6

Note: Values are the statistic of Uniformity test; nW2 is the statistic of Smirnov test; Dn is the statistic of Kolmogorov test. * indicates the different signif—
icance at P <0.05 level. The same as Tab. 6.

2.2.2 AIC 5.
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Tab.5 The maximum log likelihood values and AIC values under various models estimated
AIC AIC
Model MLV AIC value Model MLV AIC value
A -1113.469 6 2234.9392 D -1022.692 4 2 069.384 8
A2 -1121.4511 2 248.902 1 D4 -1018.222 8 2 064.445 6
A3 -1162.5155 2331.0310 D=2 -1018.222 8 2052.445 6™
A4 -1228.982 7 2 463.965 3 D3 -1018.2328 2 052.465 8™
B4 -1028.5322 2 077.064 5 D4 -1025.4290 2 066.857 9
B2 -1041.3577 2094.715 3 E -1007.853 0 2 051.706 1
B3 -1172.084 4 2352.168 7 E4 -1012.475 8 2 054.951 7™
B4 -1065.661 6 2137.3232 E2 -1034.1520 2 090.304 0
B-5 -1101.833 1 2 211.666 3 E3 -1033.833 1 2 085.666 3
B-6 -1101.8322 2 209. 664 3 E4 -1062.154 5 2 140.309 1
C -1025.039 3 2 070.078 6 E-5 -1036.330 2 2 090. 660 4
(OF | -1062.6151 2139.230 2 E-6 -
AIC 0
E.D4d.D=2 E4 0 MDS 2 - - + -
( o) - 0
6 E.D2.D3 EA
Tab.6 Tests for goodness of fit of model E D2 D-3 and E4
Statistics
Model Generation Ul U; U: nW2 Dn
E P, 0.042(0.838 5) 0.229(0.632 3) 1.266( 0. 260 6) 0.328 7 0.3119
F, 0.127(0.721 7) 0. 188(0.664 7) 9.694(0.001 8) " 0.413 6 0.279 3"
P, 0.103(0.747 9) 0.266(0.606 1) 0.668(0.413 6) 0.369 0 0.345 8"
BC, 0.277(0.598 9) 0.366(0.545 4) 0.145(0.703 2) 0.644 4" 0.139 3"
BC, 0.149(0.699 7) 0.442(0.506 1) 1.359(0.243 7) 0.113 4 0.070 0
F, 0.627(0.428 6) 0.314(0.575 4) 0.681(0.409 3) 0.216 6 0.083 8"
D, P, 0.507(0.476 4) 0.968(0.325 1) 1.389(0.238 6) 0.376 2 0.3437°
F, 0.533(0.465 3) 0.000( 0.999 9) 8.000(0.004 7) " 0.412 7 0.283 2"
P, 0. 156(0.693 0) 0.402(0.5259) 1.017(0.313 3) 0.3773 0.350 2"
BC, 0.039( 0. 843 8) 0.046( 0. 829 4) 0.010(0.921 1) 0.659 8" 0.141 8"
BC, 0.014(0.904 9) 0.000(0.992 7) 0.181(0.670 1) 0.1215 0.0717
F, 0.173(0.677 5) 0.088( 0. 766 6) 0.179(0.671 9) 0.1818 0.073 3
D, P, 0.508(0.476 2) 0.969(0.324 9) 1.388(0.238 7) 0.376 2 0.343 7"
F, 0.531(0.466 2) 0.000( 0.998 9) 7.998(0.004 7) " 0.4125 0.283 2"
P, 0.154(0.695 1) 0.399(0.527 4) 1.020(0.312 6) 0.3770 0.3500"
BC, 0.038(0.844 7) 0.046(0.830 4) 0.010(0.921 5) 0.659 7" 0.141 8"
BC, 0.015(0.902 9) 0.000( 0.991 4) 0.184(0.667 7) 0.1217 0.0716
F, 0.175(0.676 1) 0.089( 0.765 0) 0.179(0.672 4) 0.181 8 0.073 4
E, P, 0.059(0.808 7) 0.025(0.874 2) 2.468(0.116 2) 0.330 1 0.2715
F, 0.193(0. 660 2) 1.149(0.283 7) 6.687(0.009 7) " 0.378 4 0.279 6
P, 0.305(0.580 6) 0.032(0.858 8) 2.038(0.153 4) 0.358 0 0.273 0
BC, 0.856(0.3550) 1.049(0.305 7) 0.265(0.606 7) 0.694 3" 0.146 8"
BC, 1.431(0.231 5) 2.139(0. 143 6) 1.480(0.223 8) 0.304 0 0.107 4
F, 0.465(0.495 4) 0.033(0.855 6) 3.657(0.055 8) 0.310 6 0.0974"
2.3 -8.21 -8.06 MDS
2.3.1 2 3.13 2.02
7o 7
09113 2 ; N
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Tab.7 The estimate of genetic parameters for resistance of wheat powdery mildew
Estimate
st parameter Estimate 2nd parameter BC, BC, F,
m 12.83 of, 161.31 93.03 239.84
d, -8.21 Ui,g 61.06 35.59 124. 64
d, -8.06 crf,g 80.75 37.93 35.59
h, 3.13 2 19.50 19.50 19.50
h, 2.02 h, /% 37.85 38.85 51.97
i 9.65 hf‘g/% 50.06 40.78 39.90
1 5.64 hilgﬂ,g/% 87.91 79.04 91.87
Jab -2.15 1- h,zngﬂ)g/% 12.09 20.96 8.13
Jha -1.19
BC,.BC, F, 37.85% AUDPC o
38.85% 51.97%;BC, BC, F, BC, F, 11% 51.82%
50.06% 40.78%  39.90%; F, 58.40%; BC,.BC, F,
BC, BC, BC, 52.62% 25.26% 33.83% . F,
BC, F, i BC,\BC, F, + BC, BC, BC, BC,
87.91% 79.04% 91.87% - F, 0 + BC,.BC,
2.3.2 F, 63.62% 77.08% 92.22% F,
0 8 09113 o 7.78% ~36.38% 0
2 -1.04
-1.04 AUDPC 3
2 0.41 0.42 MDS AUDPC 2 -
- + _ —
MDS o X (1) o 2
1.23 X (n -0.34 X
AUDPC 2 X X
o 1 2 o
jo  —0.33 1 0 F, BC,
2 Ja  —0.32 BC, BC, BC, F, F,
8
Tab.8 The estimate of genetic parameters for resistance of wheat powdery mildew
Estimate
1st parameter Estimate 2nd parameter BC, BC, F,
m 1.42 o, 0.70 1.11 3.28
d, -1.04 O 0.08 0.58 1.92
d, -1.04 o 0.37 0.28 1.11
, 0.41 o’ 0.26 0.26 0.26
b 0.42 hi,g/% 11.00 51.82 58.40
i 1.23 hig/% 52.62 25.26 33.83
1 -0.34 hi,m,g /% 63.62 77.08 92.22
Jab -0.33 1-h ., /% 36.38 22.92 7.78

-0.32

mg + pg
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