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Table 1. Nonlinear mathematical function models and related functions

Calae dlady #obs Ceu
ol ol Inflection e dbl 5 G by £ Age to
Mathematical function point Inflection age ~ Growth rate maturity
[CEXB
Brody y=a*(1-b*exp(-k*t)) Ve.=ka(1-y/a) —(In(a—y/ba)_)/k
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uf"'vo.:‘ X y=a*(L1-b*exp(-k*t))**3 . [n( & )
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Soeal yma(Lrep(kA)- () w]C) -]
Logistic m) yi=a/2 1)/k T 1+ E‘*‘J B K
Ny infing}
FopesS y=a*exp(-b*exp(-k*t)) B
Gompertz yi=ale ti=In(b)/k Ve=kyln(aly) K

y = weight, in kg, at age t; t = age in days; a, b, k and m = parameters
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Table2- Least-squares mean of growth curve parameters in Moghani sheep breed for age of dam and sex

deo/ 53 ok 0o ady e R ok o
Variable/trait Mature weight Growth rate Mature rate
e G ns
Age of dam P<0.05 P<0.05
2 38.39+3.48" 1.66+0.55° 0.85+0.372
3 39.48+3.45¢ 1.66+0.552 0.88+0.262
4 39.88+3.472 1.64+0.55¢ 0.84+0.372
5 39.78+3.49° 1.6+0.55¢ 0.82+0.372
6 39.17+£3.51¢ 1.55+0.55¢ 0.8+£0.372
7 39.74+3.51° 1.3620.55" 0.69+0.372
- P<0.01 P<0.01 P<0.01
sex
> 39.86+3.472 1.8+0.55° 0.97+0.36°
male
sobs
38.96+3.47° 1.36+0.55° 0.66+0.36°
female

Aol Hle e MR A b ol

Ns: indicates a lack of statistical significance. Means within each group, which have the same letters are not

statistically significant.
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Table 3- Estimate of (co) variance components and genetic parameters of mature weight’s (A) parameter in Moghani sheep

NEWARN| Y Jae Y Jao Y Jae £ Jas ° Jao T Jas
Components/model Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
plo ol 8l (K3 Luwbls
o% 7.32 7.22 9.63 9.97 9.09 9.11
o3l (ol 38l (Sans Luibsly
o%m --- - 55 6.15 5.04 5.03
sosle (Bl (asas (ilsly
o2pe 1.34 0.94 0.96
swilasdls Luilyls
o% 25.83 24.68 22.63 22.24 22.39 22.39
S5 byl
% 33.15 33.24 33.92 33.05 33.91 33.91
pafious (gl &bl
h?a 0.22+0.001  0.22+0.003 ~ 0.28+0.004  0.29+0.003  0.27£0.003  0.27+0.003
soobe el il
hm 0.16+0.002  0.18+0.001  0.15+0.002  0.15%0.003
soobe g paliine  (SiB3 Luibyl S
Gam -3.29 -3.58
soile 5 pafine (SB35 (Shiusen
Fam -0.52 -0.51
2be ails lasas 5 il oS 538 Gl sl
c? --- 0.04+0.0003 --- --- 0.02+0.003  0.03+0.002
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Table 4- Estimate of (co) variance components and genetic parameters of growth rate (B) in Moghani sheep

Jae/elsal V Jae Y Jae Y Jae £ Jase © Jae T Jae
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Table 5- Estimate of (co) variance components and genetic parameters parameter of mature rate (K) in
Moghani sheep
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Table 6- Heritability (diagonal), genetic correlations
(above diagonal) phenotypic correlations (below

diagonal) and residual correlations (in parentheses)
of growth curve parameters in Moghani sheep
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Introduction: Develop mentalists are often interested in understanding change processes; so,
growth models are the most common analytical tools for examining such processes. Nonlinear
growth curves are especially valuable to develop mentalists, because the defining characteristics of
growth processes such as estimating initial levels, rates of changes during growth spurts, and
asymptotic levels. A variety of growth models are described beginning with the linear growth
model and moving to nonlinear models of varying complexity. A detailed discussion of nonlinear
models is provided, highlighting the added insights into complex developmental processes
associated with their use. Non-linear models can be an option to establish the mathematical
behaviour of body development throughout the life of the Iranian sheep breed (Bahreini-Behzadi et
al. 2010). These models require lower computational and faster convergence than other methods.
Moreover, in genetic evaluation programs with large data sets, non-linear models are more
advantageous. Non-linear models were analysed to describe both the biological and commercial
growth curves of the Moghani sheep, one of the most important Iranian breeds. 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 this study was to estimate (co)variance components for growth
curve parameters and investigate environmental effects on these parameters in Moghani sheep.

Material and methods: Data on body weight were collected by Jafarabad sheep-breeding station
during 1995 to 2011. The number of records used to estimate (co) variance components of growth
curve parameters for birth weight, weaning weight, 6-month weight, 9-month weight, and yearling
weight were 7278, 5881, 5013, 2819 and 2883, respectively. Environmental factor such as, age of
dam at birth, sex of lambs, type of birth, birth year, and birth season were studied on parameters of
growth pattern. 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. Growth curve parameters (mature
weight, growth rate, and mature rate) were estimated using 4 nonlinear regression models (brody,
gompertz, logestic, and bertalanfy). After fitting different models and obtaining growth parameters,
the best fit function was selected based on the amount of correction coefficient and corrected
Akaeic index and the parameters of the growth pattern were calculated based on the selected
function for each animal. The function has the lowest value of the Akaeic index and the highest
amount of explanation coefficient, selected as the best function. Estimation of (co)variance
components of growth curve parameters was conducted using Bayesian approach implemented in
MTGSAM 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 400 and Gouss-
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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.

Results and discussion: The Von Bertalonfy model presented the highest R? and the lowest AIC
compared with the other models and selected as the superior model. Environmental factors such as
birth year, sex, and age of mother had significant effects on the mature weight (A) and growth rate
(B). Fix effects of birth year and sex had significant effect on the mature rate (K), (P<0.01). Among
the six linear models, according to minimum residual variance for mature weight model 4, for
growth rate model 6, and for rate of maturity model 5 were selected. Using the most appropriate
models in Bayesian approach, the direct heritability for curve parameters was 0.29+0.003,
0.35+0.004 and 0.21+0.004, respectively. The genetic correlation between all the growth curve
parameters was positive and small and its value between A and B was 0.007, between both
parameters A and k 0.001 and between B and k 0.009. The results obtained in this study
contradicted the results of some researchers in this regard (Mollaei et al.2013). The difference in the
estimates of different researches depends on the type of model used for analysis, the breed of sheep,
and the structure of available information to estimate the parameters, the differences in the
management of different herds and the application of different breeding programs (Bathaei and
Leroy, 1998).

Conclusion: According to the results, the effect of environmental factors on the parameters of the
growth pattern is important and should be investigated in the analysis of these parameters.

Keywords: Bayesian approach, Growth pattern, Moghani sheep, Nonlinear-functions



