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 >""I1 ��&A�&c=�� =  ������ �'�Z/� .*+ ��?� k!C� ��

 ���@�	# �� �"J	1� �� �=�#� 9&����� "��D ��=� ��&A �

 �� B�@C  �A  ��"��D lA��� >"�dO= � \
�]� >"�� ��

 B�@C >"A��&m���� B.  �&A �
� &A �W"H� f	��� B�&X�

 �� \
�]� ��=��?� �� ���I�� B�G"GH1�IJ�W� ��	�  ��&V

.�� ��/&# )Boujenane et al., 1991; Jorgensen et al., 

1993; Yazdi et al., 1997(. �=�?9 ��  ��� �=  ��=��� 

 ��� ��&V B�&X� ����� L�� ��  �	"R ��=�  ����&A ��&A

&�����9 ��"��D ��= ����&A �R�&M �  a*� ��?� k!C� ��=

.�� �� �'�Z/� �� g�]��� .HC � �=� )Nasholm and 

Danell, 1996; Maniatis and Pollott, 2002; Simm et 

al., 2002; Nasholm, 2004(.  ��=��?� ��� ��I�� B�IJ�W�

���  ��� ��@�	# \
�]� �� � a"G�b� ��"��D B�&X� ��

����� ."O=� �&A �
� ��� ����� )Maria et al., 1993; 

Tosh and Kemp, 1994; Nasholm and Danell, 1996; 
Yazdi et al., 1997; Jara et al., 1998; Ghavi Hossein-

Zadeh and Ardalan, 2010a,b).(  B���	"R �"J�� �
�

���Z�  ��&A ��!� ."/&n �
� ��&A  �	"R ��"��D�  �A

�
"��  �W"H� B�&X� Z"� ����� ��"��D � �Oo�� >""I1

�� �	
 )Ghavi Hossein-Zadeh and Ardalan, 2010a(. 
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 ��/&# &#� q	[� �A �� �WA����	�I >"A �*�� �	+� 
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2010a(. �� �=�#� ��=&�����9  ��"��D�	p�� �A �A�'��� 

��"��D � .���
 >'&�*A ����&A ��= �g�]��  ��"bA Zo�R
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Table 1. Characteristics of data set for Guilan province native sheep 

Trait 
No. of 

records 

No. of 

sires 

No. of 

dams 

Min Max 
Mean (kg) SD (kg)  CV (%) 

BW  14549 449 7902 1.3 5 3.12 0.60 19.23 

3MW  13153 427 7534 1 30 15.42 3.92 25.42 

6MW  10142 378 6166 7.15 34.5 20.69 4.53 21.89 

BW=Birth weight; 3MW= 3-month weight; 6MW= 6-month weight; SD= Standard deviation; CV= Coefficient of 

variation.

�&A���� a"p�1 � �'�&'� �  �&9 v��/ ��Z/� �&� �� �= ��&A �

 Pb�� ��Z/� �&� �� �&Q
 P'�/ �"*1 ���@����
 . �'�=��	��

���
 <8R �	c� P��� �' � F"V� �*�� B��!M� �� . >"�dO=

 .cX ���O
 �' � ��	c� �	+	�  �	"R ���O
 �� �'�=��	��

`j	�  �	"R  �� �	A ��'�J�� .cX ���O
 �� &1 ��	OQ�

���� ���
 ��
�8# ���� �=. &X� ���&A ��&AB�  &A &XY� .A�X

 �'�� �� B�@C >'�GLM �&���Z/�(SAS Institute, 2003) 

SAS ��I� wW� � �
 ���@���  P��	� 7��&A .*+ ����

�'ZQ1 �'�*� L�� �� .A�X� 05/0 �
 ��/&# &p� ��.  v�+

 �� �&A2  ,!�)���� � &�( �� �J	1 x"1 �3 !� ,)1� 2  �

3 	
V(�� �'�� a�
 � 3 ,!� )1  �13 �'�� a�
( >� �

 �'�� ��$�= �� ���� ��6  ,!�)2  �17 L��(� &X�  �c"�&1

�
#- L��-  P[/ a�
 � �J	1 x"1 >"A PA�G�� B�&X� �

 &X� >"�dO= � �'�� ��$�= �� ���� >� � �J	1 x"1 ��'��

 PA�G�� >"A �J	1 x"1 � �&A v�+ .A�X P��	����I  ��� &A

���	A �J	1  �� .�&A v�+ � �J	1 x"1 �&X� �
# �c"�&1 - 

L��- P[/ ��I� .A�X P��	� ��  �� &A ���  � ���	A �$=��

 �� ��$�= �� >� >"�dO= ��bcO= &"y�� ��� �� �	A ��

��  �� &A �	A &XY� �$=�� .&X� �
# �c"�&1- L�� - P[/ 

��I� .A�X P��� ��� �
  �� &A  �	A �$=�� >� >"�dO= �

 �� ��$�= �� ��bcO= &"y�� ���  �� &A �� �	A ��

�
 �	A &XY� �$=��.  

��Z+�  ��	� B�@C ��&A ��"��D ��=&�����9 � v��'���

�W�  �IJa�'�	$J� �
"�� �A  AI-REML) �'�O����� &^���R

��
 ���H� �
"�� �A B��!M� (�&���Z/� Wombat (Meyer, 

2006)  >�/&# &p� �� �A � 6   ����&A &'� P�
 �A L��

���
:  

 L��1                                                  y=Xb+Zaa+e                         

 L��2                                        e+y=Xb+Zaa+Zcc                     

 L��3     Cov(a,m)=0      y=Xb+Zaa+Zmm+ e            

L�� 4    Cov(a,m)=A amσ                   e+y=Xb+Zaa+Zmm   

 L��5            y=Xb+Zaa+Zmm+Zcc+e    Cov(a,m)=0       

 L��6   Cov(a,m)=A amσ        y=Xb+Zaa+Zmm+Zcc+e  

L�� >'� ��  �=y B��=��� ���&A �b ���&A  .A�X P��	� B�&X�

)�&A v�+� �J	1 x"1� �'�� a�
� �'�� ��$�= ���� >�� 

&X� �
# �c"�&1 - L��- P[/(� a  ��'�Z/� ��"��D B�&X� ���&A

a"G�b��m  ����� ��'�Z/� ��"��D B�&X� ���&A� c  ���&A

 �W"H� B�&X�Oo��� ������e   � ����O"V�A B�&X� ���&AA 

� v'&1��lA�� .�� ������'	�. X،Za ، Zm �Zc  

v'&1��  ��=_'�&m _"1&1 �A �� ���b= .A�X B�&X� z�c1��� 

a"G�b� ��'�Z/� ��"��D�  B�&X���'�Z/� ��"��D �����  �

 �W"H� B�&X�Oo�� ������ �� ��&V&A B��=��� ���&A �A ��-

���� . >"�dO=amσ 	�� ��'�Z/� ��"��D B�&X� >"A v��'��

"G�b�� a ��  ��� �� ����� ��'�Z/� ��"��D B�&X� �=� .

L��  ��=�	�8�   	��� �� ���@��� �A B�@C ��&A AIC �� ��

�A &'� �WA�� �� .��  �A �'�&$'��' ���
 �b'�G�  

(Alkaike, 1974):   

AIC i = -2 Log Li + 2Pi 
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 ��WA�� >'� ��AIC i  L�� �A z	A&� `'��� ��"I� ���G�i  �

LogLi  ^���R a�'��$J & �'�O�����L�� �� PC�R i  �Pi  

&�����9 ���I1  L�� �A ��
 ����&A ��=i �� ��
�A.  �� �J��

a�  ���G� >'&1AIC �  ��� ���= _����  �	�� �A  L�� >'&1

 ���'ZQ1 �  g�]��� P"
H1���	
. _����  ��&A L�� >'&1

C &=`'��� ��"I� ,��� &A .@�  L��+ ��2 ����  ���  

.�� ��
.  ����&A�$�bcO=  ��"��D ��=� �{"1	�/  >"A

 �'ZQ1 _J�V �� B�@C ����@C �  ,��� &A_���� >'&1 

L�� ��&A &= .@C ./&# B�	C ..A�X B�&X�  `' &= ��&A

�'ZQ1 �� B�@C �� ��@C�� ��=� _���� ��  >""I1 L�� >'&1

 &= ��&A ��
`' �'ZQ1 �� B�@C �� `' |�&]��� ��@C

�
.   

 
 L��+2 - L�� `'��� ��"I�  �A  ���� ��&A \
�]� ��=  

Table 2. AIC values for different models of analysis for body weights 
Model Traits 

 BW 3MW 6MW 
1 -6713.436 37498.728 32295.268 
2 -6745.244 37430.34 32216.076 
3 -6745.246 37430.338 32216.076 
4 -6747.778 37422.622 32195.42 
5 -6743.252 37432.342 32218.076 
6 -6745.776 37424.624 32197.434 

The most appropriate model is shown as bold-faced.  

BW= birth weight, 3MW= 3-month weight, 6MW= 6- month weight. 

      

.X��� 9P� �&'8�  P� ��'�Z/� ��"��D B�&X�  	"�&#�

)����� � ���&@�� (��  ��� �� x"1	�/ �A ��&A � �=�  B�@C

�A &'� �WA�� �� ���&A ��	� ��� .�� )Willham, 1972(:  
2 2

2
2

0.5 1.5a m am
t

p

h
σ σ σ

σ
+ +=  

 ��WA�� >'� ��2
th .X��� P� �&'89� 2

aσ ��"��D v��'���

a"G�b� ��'�Z/��2
mσ   ����� ��'�Z/� ��"��D v��'���� 

amσ ����� � a"G�b� ��'�Z/� ��"��D B�&X� >"A v��'��	�

 �2
pσ

 
�� �{"1	�/ v��'��� ��
�A.  

<(���  

>� �'�Z/� �A� ���� ��&/� ���I1 ��/�' �=�� ��	�� �.�� .

 ��	� B�@C &'�� �� &�O� �J	1  �� ��&A B�&""y1 _'&m

 .�� �IJ�W�) L��+1( . ��W� � B�IA&� PV��R >"$��"�

,!� �� `' &= ��&A ���������  .A�X B�&X� ��=�J	1  ��� 

  ����  � �$=��  ���
  L��+ �� �$=��3  ����  ���

.�� ��
.  L�� �� ���  ��� e'���4 _����  L�� >'&1

�J	1  �� ��&A� �� �
 � �$=�� .�� �$=��.  ��Z+�

)	�(&�����9 � v��'��� ��"��D ��=� .X���  � a"G�b� �&'89

_���� ,��� &A �����  ��  �A  �� B�@C ��&A L�� >'&1

 L��+4 .�� ��
 ����  ���. �=�?9 >'� ��� .X���  �&'89

 �A  �� B�@C ��&A P�� �g	
W  ����&A
� ����� �� �  ��

 ��07/0  �1 �J	1  �� ��&A22/0 �
  �� ��&A  �$=��

.�� ��
 7��Z#. .X��� _'&m &'��G�  &�O� ����� �&'89

.X��� _'&m �� �� a"G�b� �&'89  ��� �� �
�A  ���=�

 ��"��D B�&X� �A .cb� a"G�b� ��"��D B�&X� ."O=�

�����  B�@C >'� ��&A.��.  

�$�bcO= ����&A �/ ��=�{"1	�  ��"��D � a"G�b� ��"��D

 L��+ �� \
�]� >"�� ��  �A  �� B�@C >"A �����5 

�o��� .�� ��
. �$�bcO=  ���
 ����&A >"'�9 �{"1	�/ ��=

)07/0 -30/0 -.(  � �J	1  �� B�@C >"A �{"1	�/ �$�bcO=

�� �	A .c^� �$=���  &'�� >"A �{"1	�/ �$�bcO= ���

 ����&A �@��  �A  �� B�@C�
.  �$�bcO= >'&��"A

�{"1	�/�  � �J	1  �� B�@C >"A  ���� �	A �$=�� .
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Table 3. Least squares means±SE1 for fixed effects on body weight traits2 

Effect Class BW 3MW 6MW 
Lamb’s sex Male 2.66a ±0.12 15.69a ±0.91 19.20a ±1.22 

 Female 2.54b ±0.12 15.03b ±0.91 18.11b ±1.22 

Type of birth Single 3.16a ±0.11 16.59a ±0.85 20.41a ±0.72 

 Twin 2.49b ±0.11 15.56a ±0.86 19.45a ±0.74 

 Triplet 2.14c ±0.15 13.94b ±1.28 16.11b ±3.04 

Parity 1 2.54a ±0.04 13.87b ±0.33 18.49a ±0.99 

 2 2.54a ±0.04 13.82b ±0.37 18.91a ±1.02 

 3 2.72a ±0.33 18.41a ±2.55 18.57a ±2.36 

Dam’s  age at  lambing 2 2.52b ±0.12 15.06a ±0.91 18.30a ±1.22 

 3 2.59b ±0.12 15.36ab ±0.91 18.58a ±1.22 

 4 2.60b ±0.12 15.36ab ±0.91 18.61a ±1.22 

 5 2.63b ±0.12 15.48c ±0.91 18.80b ±1.23 

 6 2.65b ±0.12 15.41bc ±0.91 18.91b ±1.23 

 7 2.61a ±0.13 15.54ab ±0.95 18.74b ±1.28 

1 Least squares means within a column for each effect that do not have a common superscript letter are significantly 

different (P < 0.05). 
2BW= birth weight; 3MW= 3-month weight; 6MW= 6-month weight. 
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Table 4. (Co) variance components and genetic parameter estimates for the studied traits 

Traits 
Fitted model 2

Aσ  2
mσ  2

eσ  2
pσ  

2 ( )dh SE  2 ( )mh SE  2
th  

BW 4 0.03 0.008 0.19 0.22 0.14(0.04) 0.04(0.03) 0.07 
3MW 4 1.72 0.11 4.93 6.33 0.27(0.06) 0.02(0.03) 0.18 
6MW 4 3.32 0.31 6.3 8.92 0.37(0.07) 0.03 (0.04) 0.22 
Ϭ

2
a: direct additive genetic variance, Ϭ2

m: maternal additive genetic variance, Ϭ
2
e: residual variance, Ϭ2

p: phenotypic 
variance, h2d: direct heritability, h2m: maternal heritability, h2t: total heritability and SE : standard error. 
BW= birth weight, 3MW= 3- month weight and 6MW= 6- month weight. 
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Table 5. The phenotypic, direct genetic and maternal genetic correlations among body weight traits in Guilan 
province native sheep 

Trait 1 Trait 2 12ar  12mr  1 2a mr  2 1a mr  12pr  

BW 3MW 0.08 0.08 0.17 -0.82 0.07 

BW 6MW 0.01 -0.13 0.05 -0.09 -0.01 

3MW 6MW 0.12 -0.96 -0.09 0.08 -0.30 

12ar , direct genetic correlation between traits 1 and 2; 12mr , maternal genetic correlation between traits 1 and 2; 

12pr , phenotypic correlation between traits 1 and 2; 1 2a mr , correlation between direct genetic effect of trait 1 and 

maternal genetic effect of trait 2; 2 1a mr , correlation between direct genetic effect of trait 2 and maternal genetic 

effect of trait 1. 
BW= birth weight, 3MW= 3- month weight and 6MW= 6- month weight. 
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Abstract 

The objective of the present study was to estimate genetic parameters of body weight traits in Guilan sheep. Traits 
included were birth weight (BW, n=14549), 3-month weight (3MW, n=13153) and 6-month weight (6MW, 
n=10142). Data and pedigree information used in this study were collected during 1994 to 2012 by the Agriculture 
Organization of Guilan Province in Iran. The GLM procedure of SAS was used for determining the fixed effects 
which had significant influence on the traits under study. Herd-year-season of lambing had significant effect on 
under study traits. Genetic parameters were estimated with 6 different animal models using restricted maximum 
likelihood (REML) procedure of Wombat program. The most suitable model amongst all six models was determined 
based on Akaike’s Information Criterion (AIC). Results indicated the model 4 was the most appropriate model for 
weight traits which included direct additive and maternal genetic effects. Based on the most appropriate fitted 
model, direct and maternal heritabilities of BW, 3MW and 6MW were estimated to be 0.14, 0.27, 0.37, and 0.04, 
0.02 and 0.03, respectively. Estimates of direct genetic correlations were 0.08, 0.01 and 0.12 between BW-3MW, 
BW-6MW and 3MW-6MW, respectively. Estimates of phenotypic correlations were 0.07, -0.01 and -0.30 between 
BW-3MW, BW-6MW and 3MW-6MW, respectively. The results of this study showed that maternal effects are 
significant sources of variation for body weight traits and ignoring maternal effects in the model would cause 
inaccurate genetic evaluation of weight traits. Also genetic progress for body weight traits is possible by selection in 
Guilan sheep.  
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