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Table 1. Mathematical equations of nonlinear functions used for describing the growth curve

"UL.QM Ay tj‘ T% Jde dslas % (,u
Maturity Age Growth rate In pg(i:rt1lton Function Model
) .
m(u—] e vin(® ¢ — 75
] v, = ky ‘J‘l{y:] %= Wy =4e"™™ ' +=& Gompertz
T (Larid, 1966)
n (2 ¥ ) &35
3 ﬂ( ba ) v, = ka(l— E:I - W, =A(l —Be ™) +¢ Brody (Brody,
k 1945)
1
In (E) - 1] _ e 2 —Ery -1 S
~ ¥ v, = bka 1107 ¥ =3 W =A(1+Be ™) +¢ Logistic (Nelder,
- = 1961)
o . Az 3y
In s ar 2a e Von Bertalan
o 1, = 3ky [(—J — 1] ¥ = 27 W, =A(1 —Be™)® +¢ (Von e
_ ¥ = Bertalanffy,
k 1957)

YVY Ll o sde

€ gk 'CJ;:KTB aJsl 035:B ok 035 A AL s ol o5 (WL

W,: Weight at time t, A: Mature weight, B: initial weight of animal, K: Maturity rate, e: 2.71

ez £ w8l Logl ol ys a8
Al e Jde 53 3 g e slaad ge SIS Py 5 03
SMSE 5 AIC s o 5 5mly shls oS Jus
Gl dde e Ol 4 05 R Slade o VL
A2 S s Ay e e

Ll ol e sladis 5l Sl ey
L Leals S5 5 Ay e slaadd go s o g
e 8 sl b e e ) ealicd
Lty oo glaadpe r J5e (S35 28 Jelse
SAS 9.0 Jl;3ls ;5 GLM a5y 5 25 Jobe Sl eslinad
W3S L3 o e

Yijim = & + year; + month; +s, +t; +Dage,

*+€jjkim

23 JJJ)L:.O Jde Q—il LS‘)".“ S
1S sy ol L Simonth ity L Sl iyear
M}#})sﬂﬁ@).ﬂj%;‘:tmﬁw}

.o.\JLAu_;L. )_",'\ € c(cb.w

sla e Ls 5l Calies gladde 5l s 51
Z- 2 - . 5 PN . .
Sl (R) s s Jold 31 S
ST Sledbl yaxls 5 (MSE) Uas Sle e
s S esleul Jus o e ol g (AIC)
e O S5 Sla o g yome Sl Sl e a2
235 tlons S Slas o ¢ pame
2 _ PReg
SST
Ql_a.nf C"M SSReg aJslxe ﬁ‘ BE PELY
b)}TJ—’J—.’.) ‘L_Ia_:b)\ abl.d.l'.w‘bua}g:)b)ﬂ u.:irt.:ﬂ

=

s S

MSE =
n—p
‘A.)\J.Lq.:gb. QLUJA Cjw SSE dslxe U'L\ B LY
Lol Jos gl d o slu s P 5 Laesls sl
ka5 estiral L ST Sledbl e ls
I.l.;); 5)_5])3
AIC, = —2Logl; + 2B

AR2 1



OS2 9 (SUyE iy

Jiie op e ST L 5loslinad b s 5 Uast
N bl e Cdo a5 425 gl
-l STT Slae sls &S Jie a0y gy 38
Jsan 28 S e e Ol w05 65
s s e S (M)A S sl Laesls
A s, s WOMBAT i3 sl 5 51 S5
(1) as eslicul (REML) slds sdoes laiins
Slaad yo (o pizasd Jdod 5 a4 4w rizmen
et S Sad 355l g Ay e
3 Je 55 5 pe Sl S planil i
i 6l e 3l S Asles o e g3 ol

Lsg Dlio 5 a0y SO e

e Sl bgi ol d 331 Ay s

GV 5 05 5 Seer (25 G S et
Sl Al e el ol e 5) I s
S 5o hls 1y plie Lo & Ly adde aen
03 Ay Al chae i SUlS o 4 eslital 5 40
= A5 S powne 4 a5 Loails 1 sl
b Ly Ay 1zl 3 cOlpm g5 Sl g ok
ot 3 i G 5 i Ll A e sl
JJJJ,«J}J»:)U‘J_LMJM_.;VJM

Sliw bty Ladl SU S sla, 80
s Sl ol e Do s Sl e e S
ej“'.«.:ﬂ&sfbduﬁ.xu;)\,ﬁj&;;j
ls e S 55 i B S 5
o= oS Gremen 5 o3l S5 g sk
LYY Q)l_é;ar_apdﬁujmﬁ.uad(?ﬁj;l
Sl esleal 5y e Dli o g A o S
s S

10 Y=¥b+Z,ate

2y ¥=Xb+Iat+iypete

N¥=Xb+Za+Zym+e Coviam)=0

$} ¥V=Xb+Za+Z,m+e Coviagm)=Aa,,
5) Y=Xb+Zga+ZIym+Ippe+e Cov(am) =10

6) Y=Xb+Za+ Zpm +Zpepe +e Cov(am) = Al
s Dl Sldalie s Y OVsles pl 53 &
Gl 3l el K 5B A slaad se ol o)
D b dgels SOST ws slassls 5 Jbb o e
(ol el (il o i Jols ol il
Aol i ity ol psle e M5
sl s M Ol Rl (K85 sl
iy o iolar Sl ipe (sosle S
lea o pbeiZa (ol ol lea ol X b
A b A ZM (G S5 sl
Aol ol iZpe (gl S35 ol

g A Ll Cov (@, M) obe adls Jams  slas
salas Sl :EJL;J:LA}WJQ:;};\&
50 = = = = (Brody) s&3;:
— — — (Gompertz) ;5,8
L (logistic) S wsd ez SR =
E‘? %30 | e [Ven WU‘HQB
2o «?“4&
2220 ¢ /*“"
10 —/,
O 1 1 1 ]
1 101 201 301 401
Age (day) Gs) o

».(:.:..\.gd" S39.7 ;ﬁYUﬁ S99 sj,;ﬁ‘gf ‘*’ﬁ cl‘,i Jn..»_,: "4 u:‘J'|J‘3 B3 L;'av.'w—\ JS&
Figure 1- Growth curve fitted by the Gompertz, Brody, Von Bertalanffy, and Logistic nonlinear functions
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Table 2- Estimated values for the growth curve parameters obtained from different nonlinear functions
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Table 3- Least squares means for the logistic growth curve parameters in the different levels of sex and
birth type effects

K B A Levels o Effect ;i
0.0189 + 0.0014 * 2.31+0.042 40.01+0.772 Male Sex o
0.0190 +0.0014 2 2.19 +£0.04° 35.02+0.77"° female oL T
0.0199 +0.00122 2.26 +0.03% 39.78+0.68 2 Single ;i <
0.0183 +0.0013° 2.28 +0.032 37.71 +0° Twin ks 5 Birth type Wy s
0.0182 +0.0023 ° 2.36+0.07 2 35.07+1.26°¢ Triplet s «.
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The values with different superscript letters in a column are significantly different.
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Table 4- Akaike information values for different models used for genetic analysis of studied traits

1 Je 0 Je £ Jde Y Jde Y Jde St
Model 6 Model 5 Model 4 Model 2 Model 1 Trait
10164.6 10165.8 10798.2 10795.5 10796.4 A
-5334.26 -5335.23 -4998.71 -5336.10 -5331.54 B
-14782.3 -15978.9 -18652.06 -16484.6 -17475.3 K
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A: Mature Weight B: Initial weight of the animals, K: Maturity Rate. Akaike value of the selected model for each

trait is indicated in bold letters.
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Table 5. Variance components and heritability for growth curve parameters

5 5 7 X ; - aa
h2 hi o5 o2 oy o >
" : F Cam " P : Component
0.018 0.171 93.2715 -5.2405 80.8186 1.7205 0.001 15.9719 A
- 0.08 0.05 - - 0.003 0.004 B
0.06 0.19 0.0148 -0.0013 0.001 0.003 K
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2: Additive genetic variance, E,E:

Permanent environmental variance, & m Maternal genetic variance, & E

residual variance, GE,: Phenotypic variance, (¥ _.,: Cov (a,m), h2: Direct heritability, , hZ: Maternal heritability
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Abstract

Background and objectives: The traits of economic importance such as body weight at
different ages and growth rate in sheep are used as selection criteria in breeding programs.
Growth can be defined either as an increase in the number of body cells or an increase in body
weight and volume over a period of a lifetime. Animal growth curves can be described using
various mathematical models. Growth curve components are heritable in different species.
Therefore, the genetic potential of animals can be predicted for growth curve components. Thus,
it is possible to change the growth curve in the population by selecting animals based on the
growth curve components in breeding programs. The best function describing the growth curve
can vary depending on the breed and population under study. The aim of the present study was
to investigate the ability of different nonlinear models to fit the growth curve of Moghani sheep
and to estimate the genetic parameters of the growth curve characteristics in this breed.

Materials and methods: In the current study, the data related to the body weights of Moghani
sheep collected at the Moghani sheep breeding station in Jafarabad, Moghan, during the years
1989 — 2016 were used to investigate the growth curve and estimating the genetic parameters of
the growth curve characteristics in this breed. Four nonlinear models including Brody, Logistic,
Gompertz, and von Bertalanffy were used to describe the growth curve of Moghani sheep. All
models were fitted on the body weight records of animals at different ages using the NLIN
procedure of SAS 9.0 software. The models used have three components including A (maturity
weight), B (initial weight of animal) and K (maturity rate). Goodness-of-fit indices including
coefficient of determination (R?), Root-Mean-Square Error (RMSE) and Akaike information
criterion (AIC) were used to select the best model. After fitting the nonlinear models and
selecting the best model, the components of the growth curve of individual animals were
estimated using the best nonlinear model. Then, non-genetic factors affecting the growth curve
components were investigated using the GLM procedure of SAS. Six univariate animal models
that differed in terms of maternal permanent environmental effects and maternal genetic effect
as well as covariance between direct and maternal genetic effects were used to analyze the traits.
Also, three bivariate analyzes between growth curve components were performed to estimate
the genetic correlation between traits.

Results: According to our results, the logistic model with the lowest MSE and AIC and the
highest R* was the best model to describe the growth curve of Moghani sheep. The estimated
values for the maturity weight (A), initial weight of animal (B) and maturity rate (K) by the
logistic model were 40.328, 7.582, and 0.0270, respectively. The fixed effects of lamb sex, birth
type, year and month of calving as well as dam age at calving had a significant effect on the
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components of the growth curve. Between the six fitted linear models, models number six, two
and four were selected as the best models to analyze the components of maturity weight (A),
initial weight of animal (B), and maturity rate (K), respectively. Direct heritability for maturity
weight (A), initial weight of animal (B), and maturity rate (K) were estimated to 0.17, 0.08, and
0.19, respectively. Estimates of genetic correlation obtained from bivariate analysis between A-
B, A-K, and B-K were 0-06, 0-03, and —0-0003, respectively.

Conclusion: Among the four nonlinear models used, the logistic model had the best fit for the
growth of Moghani sheep. According to the results of our study, the growth curve components
of this breed had an acceptable heritability, so that these traits could be used in breeding
programs to alter the growth curve and improve the growth pattern of animals in this breed.

Keywords: Growth curve, Heritability, Moghani sheep, Nonlinear functions
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