
 ���� ����	
� ��
�
��  

 ����/��	 
����/
�� ���1399 )12-1( 
 

�� �� ������ ��
� ������ ��������    ����� � ���� � ���
�� ���
��  !� "�� #  $�

�%&'(&�) � �* ��# ��  

+,��
- �	��.
1

0 ��1& * ��2� �3��
2*

0 �-6��7. �� ���*
3

0 9��: "�;- �
< �&
�
3

0 =���� 9�: ��1,
4

  

1- ����� 
��� �����	� �� ����� 
!"��	� �#$	� %�&' 
��(�  !��$ #����) 
�*��	�  

2- ���+����	 !��$ #����) 
�*��	� �� ����� 
!"��	� �#$	� %�&' 
��(  

3-  �����	 
!"��	� �#$	� %�&' 
��( %�&' 
�*��	� �� �����,-.(  

4-  !��$ #����) 
�*��	� �� ����� 
!"��	� �#$	� %�&' 
��( �����	  

  

 :1)�+�� 2+��3)01/07/98  -  :7�+89 2+��317/09/98(  

9���?   

 �:;<�=$ >+	 ?!@ #���� AB�C.D$ � E.3��F G��B�$ �H	 )G×E(  � :&I�)GJ�  ��1)��.9   #".��F �	�$ K	��	�  	 GI�L #".��F

M-I	 :$���� !N�) ���� O+ �� ��.� ��(  ��.9 ��	P�:.Q� ��RS$ :� .��� :�)  � ��G×E  	  �..U3��HV G<V #S.���W 
��X��	 �@ 

  .!� Y=� :�100 (!@��)� 75  �50 
@ !I��  #����9��HV 
�*+�W���S� ��@#[�� K�XI 
!SS� )QTL ( #3	��	� ��@�� ��  ��

1H	�� M�=�  ��+891/0 �3/0  �5/0  �:���.9 #S+\*+�W ��+��S� :� � #S+\*+�W �	�$ GJ� �� :&I�) �� � GJ� O+ :&I�) ��

 #W��] #".��F:�)�( �R� �� �� 
�-' .!� A.9 1DI A@�� �H	 �,V 1H	�� �� K�XI �� #$��F #S.�  :;<�=$ ���$ >.+�9 ��+89

 .1)�( �	�N�' :� �	� ,��� !@�� ��+��S� �� #&D$ 1.;�W �� �� ��@��( ,	��]� ��"&��@��Q@	�  �� K	��	� �� #S�Q$

��@��Q@	� .��	� ��3�� #&D$ 1.;�W ���+	 #".��F #*�JQ�@  
@ �	�� 
!�  #����975  �50  �!I����HV QTL ^.3�3 :� �@7/0 

 �5/0  ��_ �� :` �(	 #".��F #*�JQ�@ A@�� �� .���.��Q� 	!Q$ 1.;�W 
 	!�	 :� �$	 �1)�+ A+	\)	 #".��F 2��9 !��� ,�$  

,	\.$ >+���.� #".��F 1)��.9 )56/2 (1H	�� �	��  ��+895/0 ��  :���.9 #S+\*+�W � ��W� %!'G×E !� 
!@��$ . A@��

A.9 1DI  �#S.�G×E 	� .��� !+!�3 �	�$ K	��	� �� CB) #&� ��_ :� 1.;�W  	 #".��F  	!Q$  ��>.*��.$  #".��F �3b�� �

 >�)�( �R� �� >.Sc�@G×E �� #$ �d&�e$ K�XI 1)��.9 ��B��	  	 ����.� ,	\.$ ,	�3  :� 	� #&D$ 1.;�W :� #".��F 1��

  .���V  

9��� :����A ���C.D$ � E.3��F G��B�$ �H	� �#$��F f�e��	 �#".��F 1)��.9 ��.� ��( �GJ� :&I�)  

 
*

 :��gJ$ h!SJ+�� shariati52@gmail.com 

doi: 10.22124/ar.2020.14600.1454  



2                  1��!BL :<��'  :,	��"�@ � �� �� #".��F �	�$ K	��	� ��@!$�.9  ...�� #S+\*+�W :&I�) � C.D$ � E.3��F G��B�$ �H	 >�)�( �R�   

 

���
�  

  	 #(�\� 
�� ��.� ��( 1;SI �� #".��F 1)��.9 :�

:&.�� 
��X��	 ��@�� #*�J+��  � 
!� :' �@ �� �!9 ,	�S

#$ >..;3 GJ�  ��� >+����$  	 #"+ >+	���S� .�� ?	!@	 

���� �@ #&$ #".��F #��+ �	�  �� :� 1�	 #+�@�� >..;3

C.D$ �@ i�]  #���H ��_ :� ���j�N	 K�XI :�@ �R�  	

!S��� �3�� )Haile-Mariam et al., 2008( . �� ,�$\�@

 1)��.9����S) ��@ #&k$!.<�3  #$��F �)Fleming et al., 

2018(� 7��J( :$����  ��@M-I	  ��	P� �� l��	 :$���� 

 #".��F 1)��.9 :� ��S$ #$��F f�e��	:��.<��   	50  �3

100   	 � �!.<�3 K�XI �	�� !I��:�  �3���`  �	�� ��	��

1H	�� �� K�XI  ��+89>.+�9 #$��� )García-Ruiz et al., 

2016( . 
�$ :�"�1�	 ,V  :� ��?-] 7��  f�e��	 ��@

#�S�� A+	\)	 1)��.9  #".��F:&.�� :�  �� #$��F f�e��	

 GJ� :&I�) A@�� �H	 �� ��	 :W�� 1�	)Meuwissen et 

al., 2013.(  �#$��F f�e��	 :$���� �� O+�� %	�  >.<�	

 E.3��F >..;3 :"S+	 mD$ :� 	� ����'	 G��N #".��F #��+ �	

 ����O+ �� #".��F n�Q3�	  	 oW�$ 1.;�W1#$ 1�!�  ���V

)Masuda et al., 2018(� ���_ :�GJ� :&I�) :�  �.J$ ��

  	 �@�� �!97  :� ���5/2  ��� 	!.9 A@��#$!S� 

)García-Ruiz et al., 2016(. #<� 1.&��N    ����'	 1DI

A.9  #S.����V  :� 1QJ�)�p	 K�'-_	�����  	 
!� :��@ 

,	��]� 
!S+V �..U3  ��+89��	� ����.� )Cassell, 2010; 

Schefers and Weigel, 2012; Boichard et al., 2015.(  

 G.<� :�fV C+	��  �1+��!D$ �#+	�@ :+8U3 ��@  � �	

 ,	��]� 1�	 >"�$ 1+�+!$ >+	 G.J���9 �3�� ��@��

 >+	 .!S@!�  ��� 	� ��] #".��F K��X31.&��N �� �@��  ��@

C.D$ �� ���V ,	��]� #".��F #$ d&�e$ ��@   	 #��� !�	�3

C.D$ � E.3��F G��B�$ �H	 )G×E( !��� )Hammami et 

al., 2009( .  	���R� q�D< G×E ,	�S' :�  #*�JQ�@

C.D$ �� ,	�.L O+ #".��F #*�J+�� >.� #".��F  ��@

 d+�;3 d&�e$#$  ���)Falconer, 1952 (�  #*�JQ�@

 >.� #*�JQ�@ �#".��F��HV  #S.���W#&<V 
�*+�W  ��@

���S�1XI O+ 
!SS� [��) #QTLs( ) 1�	Falconer and 

                                                           

1. Reference population or training set 

Mackay, 1996.(  �� K��X3��HV  #S.���WG<V  >.� �@

1.;�W  G.<� :� �@��W� G×E #$  !�	�3 #".��F #*�JQ�@

1.;�W >.�  	 ���� :� 	� �@ O+ @� A@�� !

)Lillehammer et al., 2009( .#����  ���+  ��@%	� ��  ��@

 #�;SI
�	� ,��� ,�.� :� !�	 #".��F  O+QTL #$   !�	�3

�	�N C.D$ �H	 �.H�3 1D3 �.() �Li et al., 2015; 

Komisarek and Kolenda, 2016; Liu et al., 2017; 

Wetzel-Gastal et al., 2018.(  

 >+	���S�  	 #"+:�S�	�)��@  
�$ K	��	� ��#".��F �	�$ 

1.;�W >.� #".��F #*�JQ�@ :� :W�3  �@ ,	�S' :�

 ��W�  	 #j]��G×E 1�	. >.+�9  #".��F #*�JQ�@ >+�3

 �!.<�3 K�XI �	�� �@���� >.�68/0 ������ K�XI �	�� �

47/0 � �	�� ��' ��_ K�XI42/0 � �	��  E.3 K�XI4/0 


!� 7�	\(  1�	 )Interbull, 2019( . �� :;<�=$ >+!S`

 ��W� \.� :;��3 ��L �� ��@����G×E 
��� !.+�3 	�  !�	

 :�#$  #".��F #*�J+�� �� #".��F �	�$ K	��	� 
!+�) !�	�3

!@� A@�� 	� b�� )Bohlouli and Alijani, 2012; 

Ramirez-valverde et al., 2014; Montaldo et al., 2015; 

Montaldo et al., 2017.(  

 ��L ����p�L A.�   	50  !I�� ��@���#'�Sj$ Y.B&3 

E.3��F >..;3 ,	�W ��@��   ,	��]� ����� ,�!� 
!�

!S�J@ )CDN, 2019; Rexroad et al., 2019.(  >+	���S�

A@�� �	�� ,�(!SJ+��  	 ���.J� �=] 1.&��N  	 #��� 

 >.+�9 ����'	 
���� :.I�3 �@�� >+	 �3  �	!;3 :� !�	 ��@��

 �	�� ����.�Y.B&3  �	�� �$	 #'�Sj$:&I�) 
�3�� #��$   �3

 
��X��	!���  � !.<�3 �	�� �� �@ %�r�	 :� #����� �

��� 
�	� A@�� �����	 )Cassell, 2010; Party, 2011; 

Schefers and Weigel, 2012 ( ��@���� �� s�p�$ >+	 �

��	� :Q3� :� ��� :�)�( �R� �� \.� #".��F �	�$ 
!SS�  �!S�

%	� �@ #$��F #L-I	 7 �	 �R�  	 � :� 1QJ� !.+�3 ��@�


!�  ����� 1N� �	�	�1�	 )Party, 2011.(  

 �:;<�=$ O+ ��Okeno et al. (2010)  K	��	� ��+��S� ��

 ���V ,	�W ��@��  	 
��X��	 � #W��] #".��F �	�$ :���.9

 A+	\)	 !��	� ,��� � !���� :J+�B$ 
@ �� �.S� ���� �� 	�

A.9 1DI #��e��	 ��@�� �.J$ �� f�e��	 K!� � #S.�  ��

	!Q$ 1.;�W  :� 1QJ� ���.� #".��F 1)��.9 :� ��S$

��@��Q@	� .!� !@	�] #&D$ 1.;�W  �� #".��F 1)��.9



 ��� #$	� K	!.<�3 K�B.BD3��
����/
  ����/��	1399 )12 -1                        (                                                                   3  

 

 

 

#".��F �	�$ :���.9 #S+\*+�W  >+	 t���  	 
��X��	 :� 1QJ�

�@�� �10   	 
!� 7�	\( u+��� �� :� 1�	 ���.� !I��

Mpofu et al. (1993)  �Vargas and van Arendonk 

(2004)  ^.3�3 :� 1B��=$ �"+������ � 
��Q�+  ���� �	��

.��	� ��*+� :;<�=$ �� Obšteter et al. (2019)  
���	 \.�

!���� 
�3�� :&I�) �� #S+\*+�W  ,�$  !L	� �� �� %	� �3

#".��F 1)��.9 A+	\)	 ^W�$�  #".��F s�S3 A@�� #<�

 .!� !@	�] ��W� K��I �� #)�_  	G×E� 
�3��  ,!� �3

GJ� :&I�)   	 ���.� ��.(�&W ^W�$ #L-I	 :$���� ��

!� !@	�] #".��F 1)��.9 A@�� )Mpofu et al., 1993; 

Mulder and Bijma, 2005.( 

,��� :;<�=$ >+	  	 ?!@   �� #$��F f�e��	 :$���� �H	 ,�	�

��@��Q@	�  1.;�W :� 	!Q$ 1.;�W  	 #".��F �	�$ K	��	�

 ��W� K��I �� #&D$G×E �� 
�-' .1�	 >+	�  :J+�B$

 �� #".��F �	�$ K	��	� :$���� #".��F��W� K��I  � %!'

 ��W�G×E :&I�) ��  #&J� ��@ #S+\*+�W �� d&�e$

 #&D$ 1.;�W #".��F 1)��.9#$ �	�N #���� ���$   .��.( 

B�� � ��
�  �� 

:.Q� 
�	� � �� %��  	 
��X��	 �� #$��F ��@  �	\)	QMSim  �

��  �!$ l��	3A�W ���;-%���	 #".��F A�	�  � !

)Sargolzaei and Schenkel, 2009( ���+	 �	�� 	!��	 �� .

 ���;3 %!' Y=��#*���.9 800  �� #e+��3 1.;�W GJ�

1500 G."�3 l	�   :� :� !�10500  GJ� �� l	�810 

 .1)�+ A+	\)	 GJ� >+�]V  	 #e+��3 1.;�W O+ 1.;�W

 %�� :� �.]	) 	!Q$ 1.;�WOP (�� 400  � ��8000  
��$

 G."�3� 7�� �#r.3�S) f�e��	 ��@ A.9 >+����  #S.�

#=] ^+�	�� )BLUP1(  #$��F f�e��	 � ,V �� .!� 	�W	 ��

#$��F f�e��	 :$������ f�e��	 �  >..;3 A.9  	 1DI l��	


!� ��	�� 8/0 1.&��N #Q+�B3 ���;$)   f�e��	 ����'	#$��F 

�� ��	�� 7/0( 1)�( K��I )Dehnavi et al., 2018.(  s��

 
�J.��\.$V# K��I :�  v��� .��� #)��j37\.$V  �	��

vSW �� �@ !� w�) ��	�� �@�� �	�� #S+\*+�W !I�� .50 


��$ �	�� � !I��  �@30  !I�� ��RS$�!#r.3�S) v��+�	� . 

1.;�W �@ O+ ��	�� 1H	�� Y=� :� �  ��+89GB�J$ 1/0 �

                                                           

1. Best linear unbiased prediction 

3/0  �5/0 :�)�( �R� ��  f�e��	 
��� G� .!�  >+	 ��

1.;�W 25 ��� � ��� GJ� ��_ �� #$��F f�e��	 :$�1�@ 

 vr� .!� 	�W	 GJ�  	 1.;�WOP G."�3 �	�� 1.;�W 

#&D$ )LP (GJ� !.<�3 � K��X�$ f�e��	 ��@�+��S� ��  ��@

 !;� 
��X��	!� 1.;�W :� ^.3�3 >+	 :� .LP   	100  � ��

2000   	 
��$ 1.;�W 
�X@ GJ�OP :�  ,V �� f�e��	

#r.3�S) #$ %���	 ���   �xV � 
!� vr���  l��	

 ��@�+��S�#���� ���$�100 #3	��	� ��  1.;�W  	OP �  �+

LP :�   	 GJ� �@
�	� ��B��	 ,V #$  >.Sc�@ .���
��$  �@

GQN GJ�  	 \.�  �3 1.;�WLP �J@!Sf�e��	 ��.;$ .  ��

 1.;�WLP #3	��	� ��@�� �	�� ,��� 	�	� �	!B$ >+���.� 

 #��e��	 :$���� #L-I	 7 �	 � 	!Q$ 1.;�W �� 
!� 	�W	


��$ �	�� .��� #)��j3 f�e��	 �#&D$ 1.;�W G]	� ��@  ��

:;<�=$ >+	 
��� �	��  w�) #���� ,!� �3   !� :� K	��	�

 �� %	�#$ K��I 1.;�W O+  	 ��S3   .��.( >.Sc�@w�) 

  !� :� .1�	 O`�� #&D$ 1.;�W � y�\� 	!Q$ 1.;�W  

%��F :.Q� G$�� 
!� � �� 29  ��_ �� %� �$��2496 

#���� �� ,�!� ��( %��F ��_ �� ��	�� ,�(��$ �R�  >�)�(

 #JSW %� �$�� ���)Bohmanova et al., 2010.( E.3��F  �@

 �	��50000 �*���� ) �!.3�g&��� O3SNP(  �� #&<V �

1000 QTL !S` #&<V )2 �3  �4 #&<V #�	�	�) �� (#&<V  ��	��

% �$��� ��_ �� ^��S�$ #)��j3 ,�"$ � o+ �3 �@   �H	 .!�!�

QTL G"� ��$	��9 � �$�( o+ �3 �� �@4/0 :���� ��.(  .!� 

 �	�� A�W ,	\.$SNP  � �@QTL �@ ��	�� 5-10 ×5/2  �@ ��

#����  ,�(��$ ����!$ � A�W  #��( �� �	�� CB)

�*���� �@�� �R� :�)�(   .!� >.Sc�@ ,	\.$ ��	�� #Q.��3��

25 #���� w�) ,�(��$  .!�  

:.Q�   :C.D$ � E.3��F G��B�$ �H	 � �� �:.Q  � ��G×E  ��

 	 
��X��	 �@�� ��"&�' �..U3:� #3	��	� �  #&D$ 1.;�W

 %���	!� �� #L-I	 7 �	 ���V�� :S+\(  	 ���RS$ >.�@ :� .

�� O+�) #W��] :$�external_bv%�� �� ��W�$ (  �	\)	

QMSim � #J+��!� �� C.D$ R � �	��:� #��.�� 

1N�$ G+�) #r.3��F � #r.3�S) K�'-_	  
!� !.<�3:&.�� :� 

 :$����QMSim �!� 
��X��	 7 �	 ,	��� �3  #L-I	 ��@

 :�)�+ ��"&�' �..U3 #3	��	� ��@�� ,	��]� #r.3�S) � #;N	�

 ���+	 	����:$���� >+	  	 
��X��	 �� .� ��HV  #S.���WQTL �@



4                  1��!BL :<��'  :,	��"�@ � �� �� #".��F �	�$ K	��	� ��@!$�.9  ...�� #S+\*+�W :&I�) � C.D$ � E.3��F G��B�$ �H	 >�)�( �R�   

 

��  l��	 :;<�=$Yin et al. (2014) �..U3 !� 
�	� >+	 �� .

3:� K��X ����V :;<�=$ ��  ,	��]� ��"&�' �]V GJ� �� �	��

�� �R�  >�)�(G×E :.Q�  � ��!�!��  >+	 �� #<��#���� 

 :�.�� �� � #&D$ 1.;�W :� #3	��	� ��@�� ��"&�' �..U3

 #���� �	�� ���V ,	��]�G×E  #_!S`  GJ���  :$����

QMSim %���	 !� .��HV  #S.���WQTL��@�� �� �@  #3	��	�

 1.;�W �� >.� {���$�� 
@ d&�e$ M�=� l��	  #����9

 :� ��Y=� 100 !I�� )!@�� �(75  !I��(C���$)  �50 

!I�� (
�)  #&D$ 1.;�W ���..U3 !� 
�	� ^.3�3 :� :� !�

�*��.�  ��W� %!' 1.;p� :�G×E ���W� G×E  � C���$

��W� G×E  !+!�1�	7 �	 vr� .  #;N	� #L-I	 ��@

 |	�!�$ o�W  	��HV G<V #S.���W � !� :Q��D$ �@ E.3�S)  �@

�� \.� :)�p	  :���� 
!���.N�� �H	 ,��� ��.(   o+ �3  	 
!�

 s���$ :� ��$����HV #S.���W QTL�� �@  l��	

1H	�� ��+89 d+�;3 ��@   
!�|	�!�$  !.<�3 .!�!�  

:.Q� ��@�+��S� 
!� � ��: #���� ?!@�  #@� �� >..;3

 #;N	� #L-I	 7 �	 �R�  	 #".��F �	�$ K	��	� ��@�+��S�

1)��.9 �		 #".��F �� ,	��]� 1.;�W #&D$GJ� #_  ��@

 :� .��� #���� ���$��Q@	� #S+\*+�W ) :���.9CR(  �

#S+\*+�W  f��S�$�� O+ :&I�)  GJ�)DR-1 GJ� �� � (

DR-2)( :.Q� #".��F �	�$  .!� � ��  

#S+\*+�W ���.9 :)CR:(  >+	 �����Q@	� w�)   :� !�

 K	��	�#".��F �	�$  1DI ��A.9 #S.�  b�� :���.9 ��_ :�

GJ� :�@ ��  �@#$ K��I 	!Q$ 1.;�W  	 ��.( :$���� }.@ .

#&D$ 1.;�W �� #L-I	 #�� 	�W	 .��� �� 
�-'  w�) >+	


��$ #$��3 :� !�  ��@ ��@�� �� #)��j3 ��_ :� 1.;�W

#$ 
�	� #N-3 #3	��	�  .!���  

#S+\*+�W f��S�$-  :&I�)O+  GJ�)DR-1( : >+	 ��

���Q@	� K	��	� #".��F �	�$   	� 	!Q$ 1.;�W : f��S�$ ��_

 #&D$ 1.;�W �� GJ� O+ :&I�) :� �#$ o+ �3  ���  �� �

GJ� #B��$	�@ %	� >+	 t���  	  �� #3	��	� ��@ #)��j3 #N-3


��$ #$��3 1.;�W ��@ #&D$ #$ 
��X��	  .���  

#S+\*+�W f��S�$- :&I�) �� ) GJ�DR-2:(  >+	 �����Q@	� 

 K	��	�#".��F �	�$ 	!Q$ 1.;�W  	  :&I�) :���  %���	 GJ�

#$ GJ� #B��$ �� � ��.(   	 �@��@�� ��W�$  1.;�W ��

#&D$ 
��$ #$��3 #)��j3 #N-3 �� �@ 1.;�W �#&D$ 

#$ 
��X��	 .���  

:.Q� ��  � ��G×E�  �� �� {���$ ��@�� ,	��]� ��"&�'

 C.D$ �� �� K�XI K��X�$ #".��F ,�.� w�) �� 1.;�W

�� :�)�( �R�  1H	�� Y=� :� .!�  Y=� �� �� ��+89G×E 

 1<�L �!@�� #����  �� .!� K��I ,	!B) G×E (!@��) 

 !� w�) ��@�� ,	��]� #".��F >.*��.$ �� �� {���$

1�	 ��	�� 1.;�W�  M�=� :;<�=$ �� #<�G×E� >.*��.$ 

 K!� :� :W�3 �� 1.;�W �� #".��FG×E "+,�J .��Q� 

:.Q�  �� � �� G$�' 
�J.�Windows 2016 64-bit 

)64GB RAM, 2xIntel Xeon CPU E5-2620, 12Cores -

24Threads -2.0GHz (.!� %���	  �	�� �+��S� �@10  ���

 �	�"3 .!� 
��X��	 :J+�B$ �	�� ,V >*.��.$  	 � !�

) #".��F 1)��.9ΔG GJ� #;N	� #L-I	 7 �	 K��X3  	 (

 .!� :Q��D$ #$��F f�e��	 :$���� �� �]V � ��	 >.Sc�@

 !I��A@�� #".��F 1)��.9 )�� ����(  ��+��S� �@ ��

) f�e��	ΔG selected) :+�9 ��+��S� :� 1QJ� (ΔG base( �,V 

��  	 
��X��	  �+  :<��;$:!� #��+ �	   

�� ����= (
��	
��
 ∆� ��������

∆�	
��
) × 100 

 C�� � D&���  

#S+\*+�W :#$��F �	�$ :���.9  G"�1�  K	�..U3 >.*��.$

#".��F  �� 1.;�WLP  �OP  �� 	� ��+��S� M�=� � !@��

1H	�� d&�e$  ��+89 ,���#$ !@� . �� K��I��W� %!' 

G×E (!@��)�  ��S$ #&D$ 1.;�W �� #".��F �	�$ K	��	�


!� #".��F Y=� >*.��.$ A+	\)	 :�  .1�	  �@,	\.$ :` 

 #".��F #*�JQ�@1.;�W >.� !��� ���.� �@ ��@��Q@	� 

�� #S�Q$   	 K	��	���@��Q@	�  #&D$ 1.;�W �� f�e��	

!@	�] ����  ��� )Mpofu et al., 1993; Vargas and van 

Arendonk, 2004; Okeno et al., 2010.(  

 :;<�=$ ��Smith and Banos (1991) !� 7�	\( \.� 

1.;�W >.�  	 �@�� f�e��	 �@#+ ��  #".��F >.*��.$,�J"+ 

 ���.� �+ Y=� �#&D$ 1.;�W  	 #".��F 1)��.9��3b��  	�

!@	�] ���+	 ��� . >.Sc�@!���� !.��3 ���V 1.;�W  ��@

 O`��1;XS$ 1.;�W :� 1QJ� f�e��	  	 ����.�  ��@

!S@	�] y�\�  ��� .   



 ��� #$	� K	!.<�3 K�B.BD3��
����/
  ����/��	1399 )12 -1                        (                                                                   5  

 

 

 

 

Fig. 1. Average true breeding values of origin and local populations in control scenario at different heritabilities  
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Fig. 2. Trends for average true breeding values in daughters per common sires at different heritabilities in control 
(a), moderate (b) and low (c) levels of overlapping QTLs in continuous (CR) and discontinuous (DR) genetic 

material replacing. DR-1: Discontinuous replacing with one-generation interval; DR-2: Discontinuous replacing 
with two-generation interval 
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Table 1. Genetic gain (ΔG) and regression coefficient of true breeding values on generation (in parenthesis) based 
on QTLs overlapping levels and different heritabilities 

        Genetic gain (ΔG)  
Scenarios  Heritability  QTLs overlapping levels  
   Control 

(No G×E) 
Moderate 

(Moderate G×E) 
Low 

(Severe G×E ) 
Continuous replacing  0.1 1.25(0.2083) 0.97(0.1601) 0.64(0.1061) 
Discontinuous replacing-1   1.15(0.1922) 0.89(0.1460) 0.58(0.0973) 
Discontinuous replacing-2   1.05(0.1694) 0.82(0.1324) 0.55(0.0891) 
Continuous replacing  0.3 2.08(0.3479) 1.59(0.2628) 1.03(0.1728) 
Discontinuous replacing-1   2.00(0.3345) 1.49(0.2465) 0.98(0.1638) 
Discontinuous replacing-2   1.85(0.3021) 1.39(0.2262) 0.90(0.1479) 
Continuous replacing  0.5 2.56(0.4303) 1.96(0.3289) 1.32(0.2225) 
Discontinuous replacing-1   2.52(0.4249) 1.87(0.3081) 1.25(0.2061) 
Discontinuous replacing-2   2.47(0.4088) 1.89(0.3112) 1.30(0.2165) 
DR-1: Discontinuous replacing with one-generation interval; DR-2: Discontinuous replacing with two-generation interval 



8                  1��!BL :<��'  :,	��"�@ � �� �� #".��F �	�$ K	��	� ��@!$�.9  ...�� #S+\*+�W :&I�) � C.D$ � E.3��F G��B�$ �H	 >�)�( �R�   

 

GJ� O+ :&I�) �� #".��F 1)��.9 ,	\.$ :� 4/9  �� � !I��

GJ� �� :&I�) ��	�� 1/14  ��+��S� :� 1QJ� !I��CR  .���

1H	�� �	�� ,	\.$ >+	  ��+893/0 � : ^.3�34/8  �6/12 

� !I�� 1H	�� �	��  ��+895/0^.3�3 :� � 6/5  �5/1  !I��

.��� GJ� O+ :&I�) �� #S+\*+�W �� �#&� ��_ :��  >+���.�

:� n���$ #".��F 1)��.9 �� A@�� 1H	�� �� 1XI ��+89

1/0  #".��F #*�JQ�@ �5/0  .���,��@ :RL-$ :� ���_

#$  ����� M�=� K��X�$ G×E 1H	�� � ��+89 5/0�  v"'

 !���\*+�W :&I�) �� #�@��+ #S
!@��$  !�� � :���_  :�

 f��S3 A+	\)	 #S+\*+�W)DR-2 :� ��S$ #W��] ��@�� (

 ���� A@��#".��F 1)��.9  :� 1QJ�DR-1 .!�  !+��

 ,	������ ,�.�  #".��F �	�$ #S+\*+�W :&I�) A+	\)	 ��

 :� #$�*S@ 	!Q$ 1.;�W�	!B$  G��N:W�3 G×E  �� >.�

 ���	� ��W� 1.;�W #&D$ 1.;�W  	 #".��F �	�$ f�e��	

 ����@��Q@	�  .1�	� !@	�] ��3�� #3	��	�Vargas and 

van Arendonk (2004) #$ 
���	  :� !SS� �� K��I��W� 

G×E C���$ )75/0 =rg(�   	 GI�L #".��F 1)��.9

:$����  #&D$ 1.;�W �� ��	P� M-I	 ��@ ����Q@	�  K	��	�

��� !@	�] ��	�� #".��F �	�$�  �� #<���W� K��I G×E 

) !+!�5/0 =rg(� ��@��Q@	�  ��	P� M-I	�� #S�Q$  1.;�W

 .1�	� !@	�] ��3�� #&D$�� 
�-' 	+ A+	\)	 �� > :&I�)

�� ��( K	��	� �� GJ�� ��.$>.* ��.;$ ?	�D�	  #L-I	 7 �	

 #B.BL ,	��]�	!.9 A+	\)	 ���. >.Sc�@ Nilforooshan 

and Edriss (2007)  #&D$ ��@�� ,	��]� !���� ,�.�

 1.;�W ��@�� ,	��]� :� 1QJ� ����.� #".��F v��+�	�

 G.<� :� .!��	� 	!Q$G×E #&D$ 1.;�W �� f�e��	 1DI �

#$ A@��  #".��F v��+�	� A+	\)	 :� ��S$ :�.�� �� � !��+

 !� !@	�](Mulder and Bijma. 2005) .  

A.9 1DI #S.� :C.D$ � E.3��F G��B�$ �H	 �  ��!W2 


@ M�=� #����9   K��X�$QTL:&I�) � �@  #S+\*+�W ��@

� #".��F 1)��.9 �R�  	 	� f��S�$ � :���.9 Y=� �� �

A.9 1DI #$ :J+�B$ #S.�  � !@�� ��+��S� �� .!S�

,	!B) G×E� A.9 1DI �� �@�� f�e��	  :� ��S$ ���� #S.�

 A@��1)��.9  #".��F ��	� 1.;�W �� .!� 
!SS�  ��

1DI A@�� A.9 #S.�  ,	\.$ :�25 !I��  �� %	� ��

#3	��	�#".��F 1)��.9 � ,	\.$ :� 24  .1)�+ A@�� !I��  

 1DI Y=� �� �� #".��F 1)��.9 �� A@�� ,	\.$

A.9 
@ M�=� �� #S.�  #����9QTL ��+��S� :� 1QJ� �@

 ,��� :J+�B$ >+	 .1)�( �	�N #��+ �	 ���$ !@���	�  :�

A.9 1DI A@��  �f�e��	 #S.�G×E #$ !+!�3 	� !S��  :�

���_A.9 1DI �� :�  #S.�6/0 1)��.9 �  ��_ :� #".��F

 C���$5/2 >.+�9 !I��  1DI :� 1QJ� �38/0  ��

#*�JQ�@ .1�	 
��� O+  	 ���� #".��F ��@  :;<�=$ ��

Mulder and Bijma (2005)  1DI :� !� 7�	\( \.�

A.9  oQS$ >+����$ #S.� G.<� :� #".��F 1)��.9 A@��

G×E 1�	 .:� :W�3 �� u+���  ��!W2�  :&I�) �H	 #���� ��

\*+�W+ #S#$ ��� 
���	 ,	�3  �� #".��F �	�$ K	��	� :�

A.9 1DI  #S.�6/0  ��+��S� ��CR #$  ^W�$ !�	�3

A@��  ,	\.$ :� #".��F 1)��.99  :� 1QJ� !I��

) GJ� �� :&I�) �� f��S�$ #S+\*+�W ��+��S�DR-2(�  #<�

��  1DI8/0   ��@�+��S� �	�� ,	\.$ >+	 .��� DR-1 � 

DR-2  1DI ��6/0 � : ^.3�319  �22 !I�� �� 
�-' .�

 ��>+	 � 1DI �� #".��F �	�$ K	��	�8/0  �K��I �� G×E 

C���$ )7/0 =rg(  ��@�+��S� ��CR �DR-1  �DR-2 �� 

#&D$ 1.;�W :� 1QJ� ����.� f�e��	 :� 2��9  ��+��S�

CR  �DR-1  1DI �� #".��F �	�$6/0  �� #�L,	!B) 

G×E  .��� ���+	 (!@��) �$	 >+	 ��G×E !+!� )5/0 =rg( 

 � 1DI ��8/0 .1J.� ���I  G.<� >.�@ :�Clark et al. 

(2014) :��	� 
���	 \.� A.9 1DI A+	\)	 �� :� !�	  #S.�

#$ #$��F f�e��	 :$����  	 
��X��	 �� #&D$ 1.;�W ��  ,	�3

.��� 1+�+!$ 	� C.D$ � E.3��F G��B�$ �H	  

#���� #$ ,��� �@  :� #$�*S@ !@�G×E  ���	� ��W� ���Q3

#".��F �	�$ ��S� �� #$��F K�'-_	 #��+ �	 ��  1.;�W ��@

 #&D$A.9 1DI A+	\)	 :� ��S$  d&�e$ K�XI �� #S.�

�� �� #<�  >�)�( �R�G×E  
!� #".��F #��+ �	 �!$ ��

 1�	)Zhou et al., 2013; Li et al., 2016 .( ,	\.$ >+����

f�e��	 :� 2��9  ��+��S� ��DR-2  1DI �6/0 �   ��

�I ��W� K�G×E !+!� )5/0 =rg( .!$V 1�!�   

  

  

  



 ��� #$	� K	!.<�3 K�B.BD3��
����/
  ����/��	1399 )12 -1                        (                                                                   9  

 

 

 

��!W 2 -  :J+�B$#".��F 1)��.9  #;N	� #L-I	 7 �	 ,�.��(� ^+�p �:� �� (\��	�9 G]	�) GJ� 
@ M�=� #����9   K��X�$

QTL1DI Y=� �� �� �@  
Table 2. Genetic gain (ΔG) and regression coefficient of true breeding values on generation (in parenthesis) at different 

QTLs overlapping levels in two levels for accuracy 
                                                                                                           Genetic Gain (ΔG) 
Accuracy of predictions  0.6    0.8  
QTLs overlapping levels Control Moderate Low  Control Moderate Low 
Scenarios        
Continuous Replacing 0.95  

(0.1589)  
0.72 

(0.1207) 
0.47  

(0.0776)  
 1.25  

(0.2083)  
0.97 

(0.1601) 
0.64  

(0.1061)  
Discontinuous Replacing-1 0.89  

(0.1485)  
0.68 

(0.1132) 
0.46  

(0.0765)  
 1.15  

(0.1922)  
0.89 

(0.1460) 
0.58  

(0.0973)  
Discontinuous Replacing-2 0.86  

(0.1420)  
0.64 

(0.1046) 
0.42  
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 1.05  
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DR-1: Discontinuous replacing with one-generation interval; DR-2: Discontinuous replacing with two-generation interval 
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Abstract 

The present study was aimed to assess the role of genotype× environment interaction (G×E) and generation interval 
on the genetic gain caused by importing the genetic materials of dairy cattle in a country without advanced breeding 
program. Changing allele substitution effects of quantitative trait loci (QTLs) underlying the trait was used to 
simulate G×E. To this end, three levels of 100 (control), 75 and 50% overlapping of QTL effects in imported sires at 
the heritability levels of 0.1, 0.3, and 0.5, as well as three scenarios of continuous replacing and discontinuous 
replacing with one and two generations of foreign genetic materials were considered. Moreover, the effect of 
decreasing the accuracy of genomic prediction in traits with the low level of heritability was investigated. Based on 
the performance of daughters of sires in the local population of control scenario, import-based strategies were better 
than on the strategies of local population. The genetic correlation created in 75% and 50% overlapping of QTL 
effects were as 0.7 and 0.5, respectively. Although the trend of genetic response increased by decreasing genetic 
correlation over the time, it was not equal to origin population. Maximum genetic gain (2.56) was observed with a 
heritability of 0.5 in continuous replacing and absence of G×E. A decrease in the accuracy of prediction resulted in 
exacerbation of G×E. In general, more genetic improvement is transmitted from origin population to local 
population only by importing the genetic materials related to populations with higher genetic mean and also by 
considering G×E in different traits.  

Keywords: Genotype by environment interaction, Genomic selection, Genetic gain, Generation interval, Dairy 
cattle 
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