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Abstract: In order to assist the lodging resistance breeding of maize stems and to understand the genetic char-
acteristics of lodging resistance related characters of maize stems, six generations(P1, P2, By, By, Fi, F2) of reciprocal
crosses of K12 and A7110 were analyzed by major gene—polygene mixed inheritance model. The results showed that
the optimal model of stem diameter orthogonal combination was D—1 model(one major gene and additive—dominant
polygene), and the optimal model of stem diameter reciprocal cross combination was E—1 model(two major genes
with additive—dominance—epistatic effects plus polygenes with additive—dominance effects). The most suitable mod-
el of thrust resistance combination was C model(additive—dominant epistatic polygenes). The polygenic heritability
of backcross generation was 6.22% and 19.94%, respectively, and the polygenic heritability of backcross generation
was 68.81% and 52.78% in reverse cross. In the process of maize breeding, according to the characters mainly con-
trolled by polygenic inheritance, the method of recurrent selection in the generation with high heritability can enrich
the target genes, which is conducive to improve the breeding efficiency.
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Table 1  Significance test of difference between the parents

R Trait ZEfl(mm)  Stem diameter YiHEII(N)  Stem antithrust
P 67.22+3.67 A a 143.40+27.51 A a
P, 49.07+£2.73 B b 72.48+17.34 B b

TE AR RIS TR TE 0.01 K- 225 355 R [l NG P RERRTE 0.05 K- 28 5 i35

Note: The difference of different capital letters is very significant at the level of 0.01, and the difference of different small letters is significant at

the level of 0.05.
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Table 2 Phenotypic characteristics of stem diameter and stem antithrust in By, B,, F> populations

(RN S <5 R [ v wME S ERORME W 2 FEME S ARifEE ERARK W ¥ g i

Trait Parent Generation Minimum  Maximum Range Mean SD (%) Skewness  Kurtosis
combination %
= M P\xP, B, 34.96 74.70 39.74 54.94 8.07 14.69 0.00 -0.10
B, 24.63 78.41 53.78 54.10 10.12 18.71 -0.20 0.17
F, 26.86 84.69 57.84 60.88 10.38 17.05 -0.20 0.22
P,xP, B: 26.39 81.96 55.57 60.12 10.96 18.23 -0.70 0.18
B, 27.08 88.24 61.17 61.05 9.52 15.59 -0.44 1.63
F, 14.86 92.27 77.41 55.79 9.73 17.44 -0.48 1.66
BTy PxP, B, 30.90 196.80 165.90 100.44 28.23 28.11 0.68 1.36
B, 40.00 234.30 194.30 92.84 31.07 33.47 1.44 5.03
F, 5.30 279.40 244.10 128.90 43.10 33.44 0.24 0.27
P.xP, B: 19.70 252.40 232.70 118.29 42.59 36.00 0.21 0.08
B, 25.20 231.80 206.60 114.75 34.62 30.17 0.33 1.39
F, 20.80 208.10 187.30 95.16 30.32 31.86 0.47 1.02
A B C
100 25
80
20
0
Efllimm i inn ES
stem diameter stem diameter stem diameter
T AR BRI BARE BRER  CAUR BRI, TR
Note: A, the F; group; B, the B, group; C, the B, group. The same below.
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Fig.1 Frequency distribution chart of stem diameter from orthogonal cross
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Fig.2 Frequency distribution chart of stem diameter from reciprocal cross
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Fig.3 Frequency distribution chart of stem antithrust from orthogonal cross
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Fig.4 Frequency distribution chart of stem antithrust from reciprocal cross
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Table 3 The values of AIC obtained from IECM algorithm
P x P, P, x P,
FEAIA S
Vol sy o i 41 i)
Stem diameter Stem antithrust Stem diameter Stem antithrust
A-1 4061.93 6130.28 4312.69 5794.09
A-2 4055.34 6116.81 4330.65 5792.67
A-3 4092.35 6129.32 4311.44 5799.89
A4 4098.84 6152.21 437274 5821.72
B-1 3974.08 5989.63 4165.21 5709.65
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%3 Continued 3
Pl X P’l PZ X P]
FEEIACS -
Model syl 4 it I = ity
Stem diameter Stem antithrust Stem diameter Stem antithrust
B-2 3978.02 6073.79 4244.93 5760.90
B-3 4190.34 6252.57 4391.19 5905.79
B-4 4 089.90 6135.93 4344.14 5800.93
B-5 4 084.03 6131.29 4310.89 5794.04
B-6 4100.00 6 129.29 4325.93 5792.04
C 3920.12 5982.39 4073.45 5679.40
C-1 4029.48 6127.52 4171.11 5789.04
D 4 000.97 5987.51 4077.10 5683.40
D-1 3916.47 6120.23 4179.89 5729.86
D-2 3997.64 6 095.85 4136.14 5750.34
D-3 4001.64 6114.99 4154.51 5781.36
D-4 3947.85 6110.63 4163.37 572545
E 3930.76 5991.11 4 078.58 5686.18
E-1 3931.36 5978.39 4 065.43 5694.41
E-2 4007.13 6120.92 4165.66 5787.34
E-3 3933.36 6011.30 4070.24 5693.03
E-4 3999.62 6 114.67 4163.02 5780.04
E-5 4000.37 6116.99 4152.80 5783.35
E-6 3998.37 6114.94 4148.36 5781.35
x4 ZHEMRENEEEENESERE
Table 4 Test for goodness of fit about genetic models of stem diameter and stem antithrust
RN FAEE i 1Y R
Trait Parent Model Generation U’ U’ U nW? D.
combination symbol
e 0.053 2 0.019 1 0.116 3 0.107 6 0.156 0
B! P:xP, C Py
(0.817°5) (0.890 1) 0.733 1) (0.5579) (0.256 5)
F 0.656 4 0.062 4 17.117 0** 0.608 4* 0.222 6*
! (0.417 8) (0.8027) (0.000 0) (0.0215) 0.0118)
p 0.1050 0.1113 0.006 3 0.089 8 0.142 4
: (0.745 9) 0738 7) (0.936 6) (0.649 3) (0304 9)
B 0.003 5 0.010 1 0.029 6 0.0453 0.054 2
! (0.9527) (0.920 0) (0.863 4) (0.904 4) (0.8919)
B 0.0250 0.0105 0.040 8* 0.023 3 0.0470
: (0.874 4) (0.918 4) (0.040 8) (0.9927) (0.942 5)
F 0.019 8 0.001 7 0.1452 0.0523 0.0395
: (0.888 2) (0.967 4) (0703 2) (0.862 8) (0.903 1)
D-1 p 0.053 3 0.0191 0.1162 0.107 6 0.156 0
! (0.8175) (0.890 1) (0.7332) (0.5579) (0.256 6)
F 0.656 1 0.062 5 17.117 O0** 0.608 4+* 0.222 5%
! (0.418 0) (0.802 5) (0.000 0) (0.021 5) 0.0118)
p 0.105 1 0.1115 0.006 4 0.089 9 0.142 4
’ (0.7457) (0.738 4) (0.936 3) (0.649 1) (0.304 8)
B 0.003 6 0.007 6 0.0132 0.044 7 0.0537
' (0.952 0) (0.9307) (0.908 7) (0.907 6) (0.898 2)
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%R 4 Continued 4
R FARAE T B I
Trait Parent Model Generation U’ U’ Uy nW? D,
combination symbol
= P xp, D-1 B, 0.024 5 0.008 4 0.057 6 0.023 6 0.046 6
(0.8757) 0.927 1) (0.810 4) (0.992 3) (0.9459)
F, 0.004 8 0.000 2 0.106 6 0.050 1 0.041 1
(0.944 8) (0.988 4) (0.744 0) (0.876 0) (0.875 4)
PP, B3 P, 0.293 1 0.209 5 0.070 8 0.138 3 0.1757
(0.5882) (0.647 2) (0.790 2) (0.4302) (0.150 0)
P, 0.038 0 0.0219 0.026 8 0.028 4 0.053 6
(0.845 4) (0.882 4) (0.870 0) (0.981 1) (0.997 2)
P, 0.1712 0.173 4 0.003 9 0.097 2 0.146 9
(0.679 0) (0.677 1) (0.950 0) (0.610 4) (0.2709)
B, 0.118 1 0.1070 0.000 5 0.0340 0.0453
0.731 1) (0.743 6) (0.9819) (0.961 4) (0.957 0)
B, 7.947 9% 5911 5% 1.4239 1.075 6% 0.172 3k
) (0.004 8) (0.0150) (0.2328) (0.001 6) (0.001 4)
F, 3.891 6% 6.094 1* 4.991 6%+ 0.491 3* 0.093 9%
(0.048 5) (0.013 6) (0.025 5) (0.0427) (0.040 0)
E-1 P, 0.095 6 0.047 7 0.1051 0.1136 0.160 9
(0.7572) (0.8272) (0.745 8) (0.5299) (0.2257)
P, 0.1256 0.1343 0.008 7 0.046 5 0.080 5
(0.723 0) (0.714 0) (0.925 8) (0.897 0) (0.876 2)
P, 0.247 2 0.2429 0.002 1 0.1053 0.1510
(0.619 0) (0.6221) (0.963 5) (0.569 2) (0.2427)
B, 0.208 8 0.174 8 0.009 5 0.0453 0.0539
(0.6477) (0.6759) (0.922 3) (0.904 3) (0.858 4)
B, 5.037 0% 3.3653 1.8343 0.760 8** 0.151 0**
) (0.024 8) (0.066 6) (0.175 6) (0.009 1) (0.007 5)
F, 1.178 0 22639 32939 0.1952 0.068 7
(0.277 8) (0.132 4) (0.069 5) (0.278 5) (0.243 0)
. 0.016 7 0.0 .04 .01 0.054
Bl P ¢ b (0.893 2) (0.9?12 (3>) (8.23431 i) (8.893 461) (0.938 Z)
P, 0.197 3 0.127 5 0.0855 0.150 3 0.1327
(0.656 9) 0.721 1) (0.770 0) (0.390 2) (0.3252)
P, 0.148 8 0.1134 0.021 6 0.0770 0.101 6
(0.699 7) (0.736 3) (0.883 3) (0.719 0) (0.740 3)
B, 0.221 4 0.663 3 2.060 1 0.140 1 0.074 7
(0.638 0) (0.4154) (0.1512) (0.423 8) (0.4327)
B, 0.405 2 1.066 6 2.774 0 0.148 0 0.080 6
) (0.524 4) (0.301 7) (0.095 8) (0.3975) (0.3672)
P 0.005 7 0.004 4 0.000 8 0.0922 0.056 2
: (0.939 8) (0.947 4) (0.977 4) (0.636 5) (0.4959)
E-1 P, 0.366 8 0.403 8 0.038 5 0.046 7 0.079 6
(0.544 8) (0.5252) (0.844 5) (0.8959) (0.922 0)
P, 0.044 2 0.048 9 0.0050 0.104 3 0.096 1
(0.833 6) (0.8250) (0.9437) (0.574 0) (0.719 5)
P, 0.0253 0.018 0 0.006 3 0.057 8 0.087 3
(0.873 5) (0.8932) (0.936 5) (0.829 6) (0.878 4)
B, 2.4840 3.6388 23291 0.338 1 0.100 6
(0.1150) (0.056 4) 0.127 0) 0.1115) (0.129 0)
B, 4.023 8* 5.184 7% 1.7929 0.495 2% 0.123 6*
) (0.044 9) (0.022 8) (0.180 6) (0.0417) (0.039 0)
F 1.110 6 0.466 7 1.8200 0.227 4 0.074 9
: (0.2919) (0.494 5) (0.177 3) (0.224 1) (0.176 2)
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ok FARAE T Y A
Trait Parent Model Generation U2 U’ Uy nW? D,
combination symbol
X 0.016 7 0.005 3 0.043 7 0.0196 0.054 5
i1 Py ¢ b (0.897 1) (0.941 8) (0.8345) (0.997 4) (0.998 6)
. 0.1209 0.143 5 0.028 3 0.084 5 0.1027
(0.728 0) (0.704 9) (0.866 5) (0.678 1) (0.629 8)
P, 0.148 8 0.113 4 0.021 6 0.0770 0.1016
(0.699 7) (0.736 3) (0.883 3) (0.719 0) (0.740 3)
B 0.023 4 0.0316 0.014 2 0.055 7 0.0523
(0.878 5) (0.858 8) (0.905 1) (0.842 3) (0.871 4)
B 0.034 2 0.414 8 3.4609 0.201 1 0.109 4
(0.853 3) (0.519 5) (0.062 8) (0.267 3) (0.105 0)
b 0.224 1 0.558 5 13358 0.128 2 0.056 1
’ (0.6359) (0.454 9) (0.247 8) (0.467 5) (0.530 1)
b N 0.016 7 0.005 3 0.043 7 0.019 6 0.054 5
(0.897 1) (0.941 8) (0.834 4) (0.997 4) (0.998 6)
. 0.121 1 0.143 5 0.028 1 0.084 6 0.102 8
(0.7279) (0.704 8) (0.866 8) (0.677 8) (0.629 1)
P 0.148 8 0.113 4 0.021 6 0.0770 0.1016
’ (0.699 7) (0.736 3) (0.883 3) (0.719 0) (0.740 3)
B 0.023 6 0.027 1 0.004 0 0.055 4 0.0517
(0.877 8) (0.869 2) (0.949 5) (0.843 9) (0.880 4)
B, 0.034 4 0.401 1 3.293 1 0.1958 0.108 5
(0.852 8) (0.526 5) (0.069 6) (0.277 3) (0.1102)
. 0.2257 0.5450 1.2387 0.126 1 0.056 4
(0.634 7) (0.460 4) (0.2657) (0.476 2) (0.524 1)

T FORAE 0.01 KP- 25 S b 3

Note: ** means that the difference is extremely significant at the 0.01 level.

2.3 mfESHhIt
x5 EEMMmEN—MSEMGITE
Table 5 Estimates of first order parameters for stem diameter and stem antithrust
— S5 ZEML Stem diameter YiffES1  Stem antithrust
First order parameter P,xP, PP, P,xP, P.xP,

d, 54773 4.754 9 0 0
d, 47549 0 0
h, 3.704 7 -3.703 1 0 0
hy 5.3600 0 0

i 5.469 0 0 0
Jab -5.4547 0 0
Jha -14.517 8 0 0
1 3.0169 0 0
[d] 3.0017 -0.496 0 0 0
[h] ~1.2446 56182 0 0

T = d 2 FEEED A B IPE0N 5 d, SRy 32D B A P00, 5 b, Jhy SRR A B S PRI 5 h S TR DR B S PRI 5 i kg S BRI AR
B 5 j R FEFER A S E LK B AL TAERN 5 i LK B AP SRR A A A T AER0N 5 1 0 S BR IR] M M TV E800E 5 [
ZHED IS0 5 [y 228 DX Ay S 800

Note: d.: additive effect of main gene A; d,: additive effect of main gene B; h.: dominant effect of main gene A; hy: dominant effect of main gene B;

i: additive x additive interaction effect of the main gene; j.: dominant interaction effect of main gene A plus X main gene B; j,.: dominant in-
teraction effect of main gene B additive X main gene A; 1: dominant gene dominance X dominant interaction effect;[d] : polygenic additive ef-
fect;[h] : dominant effects of multiple genes.[I] : additive interactions of multiple genes.[j] : additive X dominant interaction between multiple

genes.[l] : dominant x dominant interaction between multiple genes.
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Table 6 Estimates of second order parameters for stem diameter and stem antithrust

4l & e B, B: F
Combination Second order e P i k(W] i Yo
parameter Stem diameter  Stem antithrust ~ Stem diameter ~ Stem antithrust ~ Stem diameter  Stem antithrust
P.xP, o’ 65.12 823.58 102.36 965.04 107.72 1 857.65
i’ 0.87 17.93 15.21
ha’ 1.33 17.52 14.12
o, 48.46 50.82 68.63 190.86 76.71 1082.37
h, (%) 74.43 6.22 67.05 19.94 71.22 58.54
P,xP, o) 120.16 1814.14 90.64 1198.71 94.65 922.60
i’ 32.25 11.80 44.16
hus 26.84 13.02 46.66
v 56.65 1238.09 71.37 627.43 46.00 356.74
h,(%) 47.15 68.81 78.74 52.78 48.60 38.86

TE 0, WRET 2 500 N TR T 28 5 b, 28 TR B3R 0,0 W Z ALK T 22 5 h, S N 2R g R

Note: o,”: phenolypic variance; 0,,: major gene variance; 0, polygene variance; h,,’: heritability of major gene; h,,’: heritability of polygene.
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