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1- Restriction maximum likelihood
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Table 1- Descriptive statistics parameters Zandi sheep using Logistics growth curve function
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Maximum Minimum
A 34.48 0.09 34.66 34.29 1182 19.5 51.83
B 7.61 0.28 8.15 7.06 1160 23/2 5.25
K 0.027 0.0004 0.028 0.026 1195 0.69 0.0044
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A: Asymptomatic mature weight (kg), B: Growth rate (kg/day) and K: maturity rate
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Table 2- Six Different Animal Models
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Model Models Matrix Notations
1 1 atey=Xb+Z
2 2 atWe,y=Xb+Z
3 2 at+Z mte COV(am)=0,y=Xb+Z
4 2 at+Z,mte COV(am)#0,y=Xb+ Z
5 3 a+Z m+Wc +e COV(a,m)=0,y=Xb+7Z
6 3 COV(am)#0a+Z m+ Wec+e,y=Xb+Z
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K and Pi: The number of components variance and parameters in the model
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Table 3- Least squares means logistic growth curve parameters

Fixed effect b !l A B K
Mean ;,%le 33.86+0.17  3.47+0.02 0.019+0.0002
Year of birthdg Jl o ok o
Age of dam pl o ns ns
2 33.41+0.99*  3.59+£0.14* 0.018+0.0012
3 34.08+0.99>  3.69+0.14* 0.019+0.0012
4 35.0640.99¢  3.68+0.14* 0.018+0.0012
5 34.92+1.004* 3.59+0.14* 0.018+0.0012
6 34.73£1.02  3.61+0.14*  0.019+0.0012
7 34.56+1.02  3.66+0.14* 0.018+0.0012
8 34.59+1.07%¢  3.58+0.15* 0.018+0.001°
Type of birth Jg *ok ns ns
single 4l s 35.63+0.95*  3.64+0.13*  0.019+0.001°
twin g 33.33+0.99*  3.62+0.14* 0.018+0.0012
S€X  ywix *k £ **
male 37.16£0.97* 3.68+0.142 0.017+0.001
female ol 31.79+0.96° 3.6240.13° 0.019+0.001°
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Table 4- Genetic parameters for Growth rate maturity rate (A) using REML and Bayesian method Zandi sheep

- Sxndyedlyy 90 4 e uilly Cas _—

il i) Joe oo Proportion of ke s 2sls Log L/RSS 8T o
Statistical i . . Maternal ram
Model Direct environmental variance e AIC
method Y . . heritability
heritability to phenotypic variance

1 0.16+0.05 - - - -2180.620 4363.24
canys Slis 2 0.13+0.05 0.08+0.05 - - -2179.176 4362.35
i ’ " 3 0.09+0.05 - 0.11+0.05 -2178.190 4360.38
o 29 2 4" 0.064+0.02 - 0.06£0.07  0.98  -2177.072  4358.144
REML 5 0.09+0.04 o 0.11£0.08 2178.190 436238
6 0.064+0.06 o 0.06+0.11 0.99 -2177.072 4360.15
1 0.18+0.0005 - - - 12.3 -5410.92
2 0.15+0.0004 0.08+0.0002 - - 11.46 -5475.48
i 3 0.09+0.0001 - 0.08+0.0002  0.34 11.76 -5444.79
Bayesian 4 0.14+0.0003 - 0.12+0.0001 0 -18 11.34 -5487.83
5 0.14+0.0003 0.03+0.0001 0.08+0.0001 - 11.06 -5516.08
6 0.14+0.0003 0.03+0.0004 0.10+0.0001 0 '12 11.09 -5512.39

oblosdl Slaspe d gosme RS (il g 5 (oloiinn)s @l w2, :LOE L (g y3lo g puions (S5 (Samsods Tam il Jio 1
* Best model, ram: Direct and maternal genetic correlation, Log L: Log Likelihood, RSS: Sum of Squares Residuals.
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Table 5- Genetic parameters for growth rate and maturity rate using REML and Bayesian method Zandi sheep

Ephcdly 98 4 e iyl G

Sl gy . ©rle g pdycily LogL i
Statistical e i . Proportion Of. Maternal ram /RSS ST e
Model Direct environmental variance o qens AIC
method ey . . heritability
heritability to phenotypic variance
1 0.13+0.05 - - - 93.117 -188.23
Canyd Sl 2 0.13+0.05 0.01+0.05 - - 93.117 -190.234
Sgaome gles 3 0.13+0.05 - - - 93.116 -190.232
oAd 4 0.17+£0.07 - 0.03+0.08 -0.756 93.537 -191.074
REML 5 0.13£0.05 0.0240.08 ; ; 93.117  -192.234
6! 0.17£0.07 0.03+0.09 0.16+0.12 -0.99 93.657 -193.14
1 0.17+0.0003 - - - 0.24 -9829.47
) 2 0.13+0.0001 0.03+0.0006 - - 0.24 -9831.79
B SR 3 0.14+0.0001 - 0.01+0.0002 - 0.24 -9798.11
ayesian
4 0.12+0.0001 - 0.01£0.0002 0.022 0.25 -9776.80
5t 0.16+0.005 0.04+0.0001 0.03+0.0007 - 0.23 -9861.02
6 0.17+0.005 0.04+0.0001 0.04+0.0003 -0.67 0.23 -9860.52
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! Best model, ram: Direct and maternal genetic correlation, Log L: Log Likelihood, RSS: Sum of Squares Residuals.
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Table 6- Genetic parameters for growth rate and maturity rate using REML and Bayesian method Zandi sheep

sl g, Joe dﬁﬁa‘” S .wsb")‘fj e sple gpicslyy LogL ST e
Statistical f . Proportion o . Maternal ram /RSS wT0E
Model Direct environmental variance A AIC
method o . . heritability
heritability to phenotypic variance
1 0.16%0.05 - - - 1434.448 -2870.89
2 0.13%0.05 0.05£0.05 - - 1434919  -2870.838
el oy Shs
N 3 0.15+0.06 - 0.03+£0.04 - 1434.692  -2873.384
[ Jj.k?m
REML 4 0.17+0.07 - 0.06+0.07 -0.30 1434.741  -2873.482
5 0.15%0.06 0.05+0.07 - - 1434918  -2875.836
6! 0.16x0.07 0.05+0.09 0.006x0.11 -0.58 1434.985 -2875.97
1 0.23+£0001 - - - 0.023 -12968.32
2 0.16+0.0003 0.06+0.0001 - - 0.023 -12966.32
S

Baye::ian 3 0.15+0.0004 - 0.04+0.0008 - 0.0241 -12911.68
4 0.17£0.0004 - 0.05+0.0004 -0.217 0.0237 -12930.64
5 0.16+0.0005 0.04+0.0005 0.04+0.0001 - 0.0230 -12969.50
6! 0.18+0.0006 0.04+0.0001 0.04+0.0005 -0.479 0.0228 -12979.94
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! Best model, ram: Direct and maternal genetic correlation, Log L: Log Likelihood, RSS: Sum of Squares Residuals.
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Table 7- Correlation genetic, environmental and phenotypic parameters of growth curves Zandi sheep

ol EESNESN sladly Sivon s S
Parameters Genetic correlation Residual correlation Phenotypic correlation
AB 0.323 -0.053 0.007
BK 0.803 0.732 0.743
AK -0.429 -0.296 -0.184
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Introduction Growth, defined as changes of body weight over time, is an economically important trait in sheep
that directly determines meat production.Increase in live weight or dimension against age has been described as
growth. Changes in live weight or dimension for a period of time are explained by the growth curves. Animal breeders
are interested in the genotypic and phenotypic relationships during all phases of growth. Knowledge of genotypic and
phenotypic relationships among live weights, degree of maturity and growth rate during all phases of growth is
necessary to formulate breeding programs to improve lifetime efficiency. Growth models are mathematical functions
which are applied for describing the growth pattern. Understanding ,estimating, and capturing the defining
characteristics of growth processes are key components of developmental research. The aim of the present study was
to estimate the genetic parameters for growth traits in Zandi sheep, by determining the most appropriate animal models
to be fitted. In addition, genetic, phenotypic and environmental correlations between traits were estimated.

Materials and Methods The data used in this study were obtained from the Animal Breeding Center of Iran. The
data were screened several times to remove the defective and out of range records. Growth curve parameters used in
study were asymptomatic mature weight (A), Growth rate (B) and maturity rate (K). The procedure of SAS software
was used for studying of fix effects. Based on body weight at different ages and using different initial values, each of
the growth curve parameters was estimated using SAS software version 9.1 and NLIN procedure. Estimation of
(co)variance components of growth curve parameters was conducted using Bayesian approach implemented in
MTGSAM and Wombat software. The number of Gibbs sampling rounds used was 200,000 rounds. Ten percent of
these numbers (20,000 rounds) was burn-in. The convergence criterion for stopping repetitions in this analysis was
also considered as 10 decimals (10-10). Sampling intervals of 200 and Gouss- Seidel 10000 repetitions were
considered. In order to find the best model incorporating the constant and random effects affecting each of the
parameters of the growth pattern, the following models ,with and without regard to maternal effects including maternal
additive genetic effects and permanent maternal environmental effects in the model (Meyer’s models) were tested.
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Results and Discussion Environmental factors such as year of birth and sex of lamb showed significant influence
on growth curve parameters (A, B and k) in Zandi sheep. Estimates of direct heritability is based on best models using
REML and Bayesian methods for A, B and K were 0.064 and 0.14, 0.17and 0.16, 0.16and 0.18 respectively. Maternal
heritability was in range of 0.006 - 0.08 and Proportion of environmental variance to phenotypic variance in range of
0.03 - 0.05 parameters growth curve. Among the growth curve parameters, only A and k have biological interpretation
and therefore ,relationship between them may provide necessary conclusions. Estimates of direct genetic correlation
between growth curve parameters were 0.323, -0.429 and 0.803 between A-B, A-K and B-K, respectively. The
positive and high genetic correlation between A and B parameters is evident as expected for common genetic and
physiological mechanisms controlling these traits. Positive genetic correlation between these traits suggests that
selection in one parameter of the growth curve would also improve the other parameter. Residual correlations between
growth curve parameters varied form —0.296 (between A-K) to 0.732 (between B-K). Phenotypic correlations between
growth curve parameters varied form —0.184 (between A-K) to 0.743 (between B-K). The phenotypic and genetic
antagonism between A and k indicates that rapid reduction in growth rate after inflexion point results in lower mature
weights. This finding would be helpful for improving selection by identifying the animal who reaches inflexion point
earlier and attend higher mature weights later.

Conclusion Current genetic estimates for growth curve parameters in Zandi sheep could be applied in designing
selection program in this breed. The low estimates of heritability for A, B and K parameters could be assigned to the
high phenotypic variance arising from large environmental variation. This therefore implies that much of the
improvement in these growth curve parameters could be obtained by improvement of environment rather than genetic
selection. It is important to provide good environmental conditions along with optimal management strategies in the
flock to achieve a desired shape of growth curve through changing the parameters of model.

Key words: Bayesian, correlation, Growth rate, Heritability, Restricted maximum likelihood.



