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Abstract The study was to analyze the effects of different animal models on the estimation of genetic
parameters of growth traits in Angus cattle at 18 months of age in Ningxia, and to screen out the best animal

models for estimating genetic parameters of growth traits. In this study, six animal models were
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distinguished using the inclusion or exclusion of maternal genetic effects, maternal permanent
environmental effects and the presence or absence of covariance between maternal and direct genetic
effects, and the genetic parameters of 18-month-old growth traits in Angus cattle were estimated using the
constrained maximum likelihood method (AI-REML) with the help of the DMU_AI module of DMU software.
The best animal model for genetic parameter estimation was determined using the Akaike Information
Criterion (AIC) and Likelihood Ratio Test (LRT). The results showed that: 1) Model 4 was the best model
for estimating body weight (BW) , crucifixion height (CH) and shin circumference (SC) in Angus cows at
18 months of age, and the direct heritability of the above three traits estimated by this model was 0. 42,
0.29 and 0.22, respectively. Maternal heritability was 0.11, 0.14 and 0.05, respectively, and total
heritability was 0.23, 0.12 and 0. 11, respectively. 2) Model 6 was the best model for estimating body
height (BH) , body length (BL) and chest circumference (CC) in 18-month-old Angus cows, and the
estimated direct heritability for these traits was 0. 42, 0.29 and 0. 22, respectively, and the estimated direct
heritability for the above three traits was 0. 11, 0. 14 and 0. 05, respectively. The estimated direct heritability
of these traits was 0.48, 0.48 and 0. 64, the maternal heritability was 0.02, 0. 12 and 0. 08, and the total
heritability was 0. 33, 0. 18 and 0. 34, respectively. In summary, considering the covariance and maternal
effects between direct genetic effects and maternal genetic effects, and maternal effects allows for more

accurate and unbiased prediction of the target trait. This study provides a theoretical basis for accelerating

2024 4F 55 29 %

genetic progress in Angus cattle.
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Table 1 Descriptive statistics of 18-month-old traits of Angus cattle

PEAR K i 3 e 22 B 5 R AL R K AH R/ME
Trait N Mean SD CcV Max Min
BW 1858 561.93 68.91 12.26 771 400
BH 2028 127. 49 9.29 7.28 160 110
CH 1889 130.73 9.31 7.12 163 115
BL 1959 153.41 13.53 8.82 180 118
cC 2 030 186. 70 17.42 9.33 235 128
SC 1774 21.03 1.75 8.39 25 18

TE:BW: (K& ; BH: #@; CH: T30 mBL: ERHS; CC: Rl SC: /. FI.
Notes: BW: Body weight; BH: Body height; CH: Crucifixion height; BL: Body length; CC: Chest

circumference; SC: Shin circumference. The same below.
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Table 2 Best animal model-2InL value and AIC information standard value

oy BEOE/T W . o
Model Number of < < <
parameters —2InL AIC —2InL AIC —2InL AIC
1 2 20 078.06 20 082. 06 7 883.79 7 887.79 11 210.49 11 214.49
2 3 19 628. 66 19 634. 66 7772.84 7 778.84 10 974.92 10 980. 92
3 3 19 628. 74 19 634. 74 7772.84 7778.84 10 974.92 10 980. 92
4 4 19 610. 12 19 618.12 7 768. 64 7 776.64 10 962. 51 10 970. 51
5 4 19 628. 66 19 636. 66 7 809. 63 7 817.63 10 974.92 10 982.92
6 5 19 609. 96 19 619. 96 7752.42 7762.42 10 962. 51 10 972.51
- Z BB /A BL ce e
Model Number of < < <
parameters —2InL AIC —2InL AIC —2InL AIC
1 2 11 026.49 11 030. 49 13 687.61 13 691.61 4126.67 4 130. 67
2 3 11 026. 49 11 032. 49 13 687.61 13 693.61 4126.67 4132.67
3 3 11 026.49 11 032.49 13 687.61 13 693.61 4126.67 4132.67
4 4 11 006. 93 11 014.93 13 679.98 13 687.98 4117.91 4125.91
5 4 11 026.49 11 034.49 13 687.61 13 695.61 4126.67 4 134.67
6 ) 11 002. 90 11 012. 90 13 677.63 13 687.63 4117.91 4127.91
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Table 3 Cardinality test analysis of different animal models
5 Model 6:2 4:3 5:3 6:3 6:4 6:5
BW 18.7 AB 18.62 AB 0.08 18.78 AB 0.16 18.7 AB
BH 20.42 AB 4.20 —36.79 20.42 AB 16.22 AB 57.21 AB
CH 12.41 AB 12.41 AB 0.00 12.41 AB 0.00 12.41 AB
BL 23.59 AB 19.56 AB 0.00 23.59 AB 4.03 23.59 AB
cc 9.98 AB 7.63 ab 0.00 9.98 AB 2.35 9.98 ab
SC 8.76 ab 8.76 ab 0.00 8.76 ab 0.00 8.76 ab
R Model 2:1 3:1 4:1 5:1 6:1 4:2 5:2
BW 449.4 AB 449.32 AB 467.94 AB 449. 4AB 468.1 AB 18.54 AB 0.00
BH 110. 95 AB 110. 95 AB 115.15 AB 74.16AB 131.37 AB 4.2 —36.79
CH 235.57 AB 235.57 AB 247.98 AB 235.57AB 247.98 AB 12.41 AB 0.00
BL 0.00 0.00 19.56 AB 0.00 23.59 AB 19.56 AB 0.00
cc 0.00 0.00 7.63 AB 0.00 9.98 AB 7.63 ab 0.00
SC 0.00 0.00 8.76 AB 0.00 8.76 AB 8.76 ab 0.00
TE R TIET 1.2.3.4.5 806 48 DR FARAY 1 AR 2 AR 3 AF R 4 AR 5 R Y 6, AN TA] /NG S 3 R AN ) A R A ] — IR ) 7E P<<

0. 05 7K 22 57 5. 3 5 AN ) K5 B 3 7 AN W) A5 78 7 ] —

PEAR ] AE P<<0. 01 K V-2 5 3.

Notes: The numbers 1,2,3,4,5 and 6 in the table represent model 1, model 2, model 3, model 4, model 5 and model 6. Different lowercase

letters indicate that different models differ significantly among the same trait at the P<Z0. 05 level. Different uppercase letters indicate

that different models differ significantly among the same trait at the P<<0. 01 level.
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Table 4 Variance components and genetic parameters of 18-month-old growth traits estimated by the best model

R Model PR Trait ol ol Cam ol ol o,
4 BW 2 069. 84 526. 83 —957.77 2 341. 23 3980. 13
6 BH 22.43 0.91 —5.01 0.00 28.77 47.09
4 CH 34.65 16. 20 —20. 54 67. 24 97.55
6 BL 39. 89 9.95 —19.89 0.00 53.87 83. 81
6 CC 166. 81 20. 28 —58.16 0.00 131.40 260. 33
4 e 0.62 0.15 —0.28 2.08 2.57

Al Model — PEAR Trait h? =+ SE h’ 4+ SE ¢+ SE h% + SE Fan
4 BW 0.42 0.11 0.23 —0.92
6 BH 0.48 0.02 0.00 0.33 —0.92
4 CH 0.29 0.14 0.12 —0.95
6 BL 0.48 0.12 0.00 0.18 —1.00
6 cc 0. 64 0.08 0.00 0.34 —0.87
4 SC 0.22 0.05 0.11 —0.93

Tcol: BARMESR AL T 225 ol BRIV AL T 22 50, 0 DRANBEAGR (LI T 22 5070 BEMOKAREETT 28 507 B80T 2% 50 FATT %502 H
et 1 s bl BERSON G 1 s BEROR AR B 07 22 SR MIT 22 2 LG s b SttE ), e B - BE DR ON (0 i 4 AR K

Notes: o.: Direct additive heritability variance; o,.: Maternal additive genetic variance; o, ,: Individual and maternal genetic covariance;

6Z: Variance of parent permanent environment; o: Residual variance; Jﬁ: Phenotypic variance; h%: Direct heritability; A%: Maternal

effect heritability; ¢*: Ratio of maternal permanent environment variance to phenotypic variance; Aj: Total heritability; 7, ,: Direct-

maternal effect genetic correlation.

x5 REHHF1ISARMBREEREREISEEXMRBEEX

Table 5 Genetic and phenotypic correlations between body size traits in Angus cattle at the 18-month age stage

BwW BH CH BL CC SC
BW 0.42 0.22 0.28 0.47 0.44 0.46
BH 0.35 0.48 0.92 0. 56 0. 38 0.53
CH 0.51 0.83 0.29 0.63 0. 36 0.56
BL 0.66 0.55 0.67 0.48 0.47 0.48
cC 0.59 0.40 0.40 0.47 0. 64 0.40
SC 0.55 0.32 0.40 0.55 0.44 0.22

T R as AL I3 A 6 A 2R LUORLOR 7%, X6 A 2 LA gt A A G, X f 2 LB ol 3R RIAH G

Notes: The heritability in the table is shown in bold along the diagonal. The genetic correlation is below the diagonal, and the phenotypic

correlation is above the diagonal.
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5 (LRT) , & B Ak 1142 4% W 4 18 J1 #% BW .CH
SC M e AR R #5570 4, BH BL #1 CC 1Y i AR A5 Y
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