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Using Random Regression Models to Estimate Genetic Parameters
on Body Weights in Layers
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Abstract: [Objective] This study was to assess the effect of the orders of Legendre polynominals on the size of the maximum
likelihood and the error, to optimize the random regression model, to evaluate the genetic potential and selection knot of layer
resource population and to provide parameters for optimal layer breeding scheme for resource population. [Method] The data set
consisted of 26 532 items collected from the layer resource population, which set up by White Leghorn reciprocal crossing with the

blue eggshell chickens. The pedigree consisted of 5 871 individuals, including 4 147 chickens with 5 records, 802 chickens with 4
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records and 128 chickens without records. The standard of data cleaning included: i. removing outlier; ii. eliminating repeated
individuals; iii. getting rid of unknown sexed individuals; iv. individuals with less than 4 records were also excluded. After data
cleaning procedures, 25 483 records on body weight could be used in the next step, 2 223 of which collected from blue shelled
chickens, 696 of which collected from White Leghorn, 6 002 of which collected from F; generation and 16 562 of which collected
from F, generation. The influence of the nongenetic factors on body weights was analyzed by GLM in SPSS. The fixed effects of
animal model included batch and sex factors. Using the random regression model, variance components, genetic parameters and
eigenvectors were obtained. The model included general fixed effect and fixed regression, random regression. In this study, batch-sex
was the fixed effects, and a fixed regression was fitted for week age body weight effects; the direct additive genetic, permanent
environment were the random effects. Comparing with AIC and BIC values, the best model should embed 2nd Legendre polynomials
into fixed effects, 5th Legendre polynomials into additive genetic effects and permanent environmental effects. Heterogeneous
residual variance was grouped into 5 levels. Each observation was set an initial estimate. The residual variance between the
neighboring observations was treated as a linear regression. [Result] For the body weights on resource population, heritability was
ranged from 0.46 to 0.63, repeatability varied from 0.88 to 0.92, the genetic correlation was ranged from 0.32 to 0.99, and permanent
environmental correlation was varied from 0.34 to 0.99. The genetic correlations among the weeks reduced with the intervals
increased, high correlations occurred between the neighboring weeks. The genetic variance, permanent environmental variance and
residual variance increased with ages. The first three eigenvalues of additive genetic effects was 1 976.91, 161.95, and 42.22,
respectively, and these eigenvalues could explain 99% of total variations. [Conclusion] The genetic parameters on the early body
weights in laying chickens were estimated with a random regression model. The individual growth curve could be altered by
selection on the coefficients associated with the second eigenfunction. The right time seemed to select on 3 to 6 week. Estimates of
heritability in the resource population were larger than the results in the literatures.
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Table 1 Statistics on body weights in the resource population

A 1 F AR 3 A E 5 AR 7 JA 9 JH AR E
Generation 1st-week BW 3rd-week BW Sth-week BW 7th-week BW 9th-week BW
L5 HIAY A %Y Blue shelled cocks 48.53b+5.24 107.40b+14.51 167.13b+27.25 301.11b+47.41 469.60b,c+68.73
475 XS BEAY Blue shelled hens 46.29 a+5.14 97.05a+12.56 147.23a+24.11 260.84a+37.50 396.74a+52.44
I 3EMTXS A 1Y White leghorn cocks 69.54£+6.80 162.88g+14.94 268.08£28.13 473.17f£38.15 634.12g+67.65
I SN BEXS White leghorn hens 66.02¢+6.75 145.29¢+13.31 236.76d+23.36 397.29¢+36.25 539.40e+55.33
Fi A4 % Cocks in F; generation 47.05a+7.74 141.15d+20.34 273.07f£31.35 382.72¢+48.58 569.77f£67.75
Fi fABEM Hens in F, generation 45.64a+7.35 130.03¢£19.90 241.94d+29.27 331.45¢+39.61 478.98c+58.73
Fo A4 % Cocks in F, generation 62.91d+5.82 152.26££19.45 252.52¢+34.15 393.87¢+56.56 522.68d+71.82
F, A Hens in F, generation 60.61¢+5.33 139.27d+15.96 225.19¢+28.33 353.03d+47.51 458.44b+56.63

PRI PIIMAR  SNK IWINLEER SR, AR TR RER B3 (P<0.05)

Different letters in same column indicate significant difference among groups as determined by SNK multiple comparisons(P<<0.05)
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Table 2 Comparison of models on body weight in laying chickens

IR AU NIRRT A BRI AIC BIC
Orders of additive genetic effects Orders of PE effects The number of parameters Maximum IgL

2 2 11 -84372 168766 168855
2 3 14 -83807 167642 167755
2 4 18 -83776 167589 167734
2 5 23 -83734 167514 167514
2 6 29 -83734 167526 167760
3 3 17 -83627 167288 167426
3 4 21 -83599 167240 167410
3 5 26 -83553 167157 167367
3 6 32 -83553 167169 167428
4 4 25 -83515 167081 167283
4 5 30 -83419 166899 167142
4 6 36 -83419 166911 167202
5 5 35 -83052 166173 166456
5 6 41 -83052 166185 166517
6 6 47 -83052 166197 166577
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Fig. 1 Three largest eigenvalues of the eigenfunctions on body weight
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Table 3 Variance component and genetic parameters on body weight in resource population
Jalwe I Ay 7= KRG T5 7 B2 Ry % 8L ) TR T 22 H )
Weeks Additive variance  Permanent environmental variance ~ Residual =~ Phenotypic variance  Heritability oﬁ ./ 0"27 Repeatability
1 18.91+1.44 14.76+0.85 3.99 37.67+1.01 0.50+0.03 0.39+0.03 0.89"
2 158.36+13.51 70.01+8.23 22.85 251.214£9.07 0.63+0.04 0.28+0.04 0.91
3 214.60+14.83 153.93+8.80 41.70 410.23+10.50 0.52+0.03 0.38+0.02 0.90
4 538.68+32.11 349.48+ 18.39 87.74 975.89+24.30 0.55+0.02 0.36+0.02 0.91
5 925.68+55.51 528.66+ 30.59 133.77 1588.11+40.61 0.58+0.02 0.33+0.02 0.92
6 1275.48+86.87 694.50+ 47.56 264.02 2233.99+57.81 0.57+0.03 0.31+0.03 0.88
7 1882.89+152.26 1100.43+ 85.98 394.26 3377.59+95.76 0.56+0.03 0.33+0.03 0.88
8 2471.924216.91 1798.51+£126.09 498.20 4768.62+135.92 0.52+0.03 0.38+0.03 0.90
9 2797.48+238.06 2731.94+147.03 602.13 6131.55+£159.58 0.46+0.03 0.45+0.03 0.90

T IR IEE T 0, W44 mE  Considering the standard error of repeatability approached zero, this item was omitted
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Table 4 Estimated values of genetic (below the diagonal) and permanent environmental correlations (above the diagonal) on body

weight
JEy JH#k Weeks
Weeks 1 2 3 4 5 6 7 8 9
1 0.5940.05  0.65£0.03  0.5940.03  0.54£0.03  0.48+0.05  038£0.05  0.34+0.05  0.42+0.04
2 0.68+0.02 0.76:0.03  049:005 043005  048:006  052:0.06  0.54:005  0.50:0.05
3 0.86£0.01  0.7120.02 0.93+0.01  087£0.01  0.7740.02  0.62£0.03  0.5740.03  0.71£0.02
4 0.71:0.02  032£003  0.90£0.01 097:0.00  085:0.01  0.64:0.03  057£0.03  0.76:0.02
5 0.68£0.02  033£0.03  0.89+0.01  0.99:0.00 0.94£0.01  077£0.02  0.71+0.02  0.86+0.01
6 0.70:0.02  0.54£003 091001  091£001  0.95:0.00 094:0.01  0.90£0.01  0.98£0.00
7 0.6740.02  0.72£0.02  0.86:0.01  0.74£0.01  0.80£0.01  0.95£0.00 0.9940.00  0.97+0.00
8 0.66:0.02  0.73£002 082001  0.67£002  0.73:0.01  0.90£0.01  0.99:0.00 0.960.00
9 0.67£0.02  0.40£0.04  0.78£0.02  0.82£0.01  0.86:0.01  0.89£0.01  0.85:0.01  0.87£0.01
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