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Monte Carlo simulation for analyzing ADAA models and seed models
based on the triallel mating design

XU Zi-cheng' LU De-bin' ZHU Jun®
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2. College of Agriculture and Biotechnology Zhejiang University Hangzhou 310029 China

Abstract Monte Carlo simulations were performed to prove the efficacy of the genetic models and its statistic methods
for three-way cross. The results indicated that 1 unbiased estimates of genetic variance components could be obtained
by methods of MINQUE 1 for ADAA models and MINQUE 0/1 for seed models if covariance between direct addi-
tive and maternal additive effects and that between direct dominance and maternal dominance effects do not exist or
are negligible MINQUE 1 method can be employed for re-analyzing the reduced models to obtain unbiased results.
2 Three generations including parents F; of single crosses and F; of three-way crosses were necessary for the analysis
of ADAA models or seed models. The precision of the estimates and predictors improved with increase of number of
generations and/or increase of the sample size. 3 Genetic effects could be predicted without bias by adjusted unbiased
prediction AUP method for both ADAA models and seed models.
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1 ADAA
Table 1 Simulation analysis of variance components and genetic effects for ADAA model

based on the three — way mating design two generations

Estimation of variance components Prediction of genetic effects
Param x 1074
o? Bias MSE CE Param Mean 62 Dis
o 60 20.27 11 771.09 1.35 A -1.29 80.27 3.13
0% 50 1.63 1323.67 0.70 D -0.28 51.63 1.50
P=5 2 30 -0.56 302.11 0.57 A ~0.56 29.44 0.84
a? 20 -0.14 9.76 0.16 € -0.02 19.86 0.20
a4 60 7.73 6 019.42 1.15 A 0.52 67.73 2.66
0% 50 -0.36 737.26 0.54 D -0.01 49.64 1.18
p=6 ’u 30 1.04 173.26 0.42 AA -0.05 31.04 0.66
a’ 20 -0.02 4.49 0.11 3 0.00 19.98 0.13
o 60 3.88 3810.78 0.97 A 1.65 63.88 2.42
0% 50 -2.09 458.99 0.41 D 0.27 47.91 0.95
p=17 ou 30 0.23 118.27 0.36 AA 0.63 30.23 0.53
o’ 20 0.11 2.81 0.08 3 0.02 20.11 0.09
ADAA
F F
ADAA 2 2. 3
5% MINQUE 1
MINQUE 1
2 ADAA
Table 2 Simulation analysis of variance components and genetic effects for ADAA model
based on the three — way mating design three generations
Estimation of variance components Prediction of genetic effects
Param x107*
o? Bias MSE CE Param Mean 62 Dis
o4 60 1.36 5841.69 1.25 A 0.83 61.36 2.62
) 50 1.14 797.59 0.55 D 0.14 51.14 1.15
One environment oo 30 -0.29 146.48 0.40 AA 0.31 29.71 0.65
p=6 o’ 20 0.07 3.72 0.10 3 0.01 20.07 0.11
o4 60 2.58 6 131.67 1.25 A -0.63 62.58 2.80
) 50 0.13 582.13 0.48 D -0.10 50.13 1.11
o 30 -0.38 154.71 0.41 AA 0.00 29.62 0.67
ol 20 0.85 401.11 0.96 AE -0.27 20.85 1.07
Three environments o5 30 -0.63 151.30 0.40 DE -0.05 29.37 0.63
p=6 ol 10 0.06 13.83 0.37 AAE -0.01 10.06 0.34
o2 20 0.02 1.31 0.06 e 0.00 20.02 0.06
MSE 3.72 1.31
CE 0.10 0.06 CE 1.25 . X X
X X
MSE =797.59 MSE = 582.13 CE
0.55 0.48 .
X
ADAA 6
3 Monte Carlo
3.1 2n 3n
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3 MINQUE 0/1
Table 3 Simulation analysis of variance components for seed model based on the three-way mating design MINQUE 0/1 method
Diploid seed Triploid endosperm
Param o’ . .
Bias MSE CE Bias MSE CE
o4 60 1.76 1533.49 0.63 2.78 2176.71 0.74
0% 50 -0.93 253.02 0.31 -0.98 227.24 0.30
0% 30 0.05 971.50 1.04 -0.20 933.02 1.01
%m 20 0.81 280.02 0.80 0.70 311.31 0.85
One environment m 30 -1.14 125.68 0.36 -1.15 127.59 0.36
p=7 6% am 20 0.9 351.18 0.89 1.54 416.13 0.95
o om 20 -0.21 106.58 0.51 -0.23 102.44 0.50
P 20 0.01 2.31 0.08 0.01 2.31 0.08
o4 60 -0.71 3012.87 0.90 3.20 4 688.02 1.08
% 50 0.30 575.96 0.48 0.48 527.47 0.45
0% 30 2.23 1733.09 1.29 2.54 1 695.83 1.27
6% 20 1.60 523.46 1.06 1.45 567.95 1.11
m 30 0.01 312.06 0.59 -0.02 311.77 0.59
0% 20 -0.26 231.31 0.75 0.65 426.70 1.00
Two environments o 30 -1.12 139.74 0.38 -0.9%4 114.26 0.35
p=6 % 15 1.13 404.09 1.25 1.34 392.47 1.21
Aok 15 0.34 158.96 0.82 0.35 188.35 0.89
Otz 20 -0.27 83.32 0.45 -0.24 84.68 0.45
04 Am 20 0.89 623.25 1.20 1.13 822.34 1.36
OD. Dm 20 1.05 249.51 0.75 1.13 245.05 0.74
CAE. AmE 15 -0.07 144.38 0.80 0.11 193.55 0.92
ODE. DmE 15 -0.26 67.28 0.54 -0.30 64.24 0.52
o’ 20 0.02 2.07 0.07 0.02 2.07 0.07
3 3
5%
7.7% 5% MINQUE 0/1
A>C>A. Am>Am>D>Dm>D.Dm > ¢
X 15 3
5%
X
5% 10% MINQUE 0/1
1.0
4
Table 4 Simulation analysis of genetic effects for seed model based on the three-way mating design
Diploid seed Triploid endosperm
x 1074 x107*
Param . . N X
Mean 6% Dis Mean G, Dis
A -0.36 61.76 1.30 -0.48 62.78 1.82
D -0.10 49.07 0.73 -0.05 49.02 0.61
C -0.26 30.05 1.66 -0.24 29.80 1.66
One environment Am -0.51 20.81 1.06 -0.33 20.70 1.13
p=7 Dm -0.04 28.86 0.63 -0.02 28.85 0.63
3 0.00 20.01 0.08 0.00 20.01 0.08
A -0.81 59.29 1.94 0.10 63.20 2.45
D -0.13 50.30 1.11 -0.21 50.48 1.02
Cc -0.44 32.23 2.13 -0.27 32.54 2.12
Am -0.68 21.60 1.49 -0.41 21.45 1.52
Dm -0.13 30.01 0.93 -0.09 29.98 0.93
Two environments — AE -0.34 19.74 1.16 0.11 20.65 1.28
p=06 DE -0.25 28.88 0.72 -0.08 29.06 0.66
CE -0.18 16.13 1.19 -0.13 16.34 1.17
AmE -0.38 15.34 1.00 -0.23 15.35 1.00
DmE -0.66 19.73 0.60 -0.04 19.76 0.60
€ -0.04 20.02 0.08 0.00 20.03 0.08
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Table 5 Simulation analysis of variance components for seed model based on the three-way mating design MINQUE 1 method
Diploid seed Triploid endosperm
Param o? . .
Bias MSE CE Bias MSE CE
o4 60 1.86 1563.13 0.64 3.24 2233.04 0.75
0% 50 -0.90 258.18 0.32 -0.95 229.93 0.30
0% 30 -0.96 870.91 0.95 -1.07 865.68 0.95
One environment o2, 20 1.07 279.17 0.79 0.78 319.41 0.86
p=7 o 30 -1.17 128.06 0.36 -1.20 129.27 0.36
o2 20 0.01 2.32 0.08 0.01 2.32 0.08
o4 60 -1.34 1.504.08 0.63 -1.42 2234.87 0.77
o) 50 1.14 359.98 0.37 0.93 335.40 0.36
o% 30 2.26 1081.69 1.02 2.43 1 087.87 1.02
6% 20 -0.16 355.18 0.94 0.29 388.66 0.97
om 30 -0.17 178.01 0.44 -0.19 177.66 0.44
Two environments o4y 20 -0.17 159.36 0.63 0.10 287.16 0.84
p=28 b 30 -0.72 74.01 0.28 -0.63 62.77 0.26
ok 15 0.54 222.54 0.96 0.51 224.46 0.97
0 15 0.07 96.35 0.65 0.01 112.52 0.71
i 20 0.59 39.76 0.31 0.60 39.80 0.31
o2 20 -0.06 0.70 0.04 -0.06 0.70 0.04
5 7 21 F, 105 F,
5% 5.4%
5% 8 28 F; 168 F;
10% 7.53% 8.10%
5% . MINQUE 1
AUP 6 AUP
8
6
Table 6 Simulation analysis of genetic effects for seed model based on the three-way mating design
Diploid seed Triploid endosperm
x 107* x 107*
Param ) . 2 :
Mean 6% Dis. Mean 8% Dis.
A -0.36 61.86 1.32 -0.49 63.24 1.85
D -0.10 49.10 0.74 -0.05 49.05 0.62
C -0.27 29.04 1.62 -0.25 28.93 1.64
One environment Am -0.51 21.07 1.07 -0.34 20.78 1.17
p=7 Dm -0.04 28.83 0.64 -0.02 28.80 0.65
3 0.00 20.01 0.08 0.00 20.01 0.08
A -0.51 58.66 1.53 -1.73 58.58 1.94
D -0.07 51.14 0.80 0.03 50.93 0.75
C -0.04 32.26 1.66 0.41 32.43 1.67
Am 0.02 19.84 1.24 0.10 20.29 1.28
Dm -0.04 29.83 0.63 0.03 29.81 0.68
Two environments — AE -0.16 19.83 0.9%4 -0.75 21.00 1.07
p=28 DE -0.06 29.28 0.53 0.00 29.37 0.49
CE -0.01 15.54 0.96 0.06 15.51 0.96
AmE -0.11 15.07 0.81 0.03 15.01 0.84
DmE -0.02 20.59 0.4 0.02 20.60 0.45
3 0.00 19.94 0.04 0.00 19.94 0.04
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