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Fig. 1. Changes in accuracies of GEBVs for traits with different heritability estimates due to increment in 
effective population size (a), and for traits with different number of QTLs due to increment in effective 

population size (b) 
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Fig. 2. Interaction effect of heritability and markers effect estimation methods on the accuracy. 

BA: Bayes A, BB: Bayes B, BC: Bayes C, BL: Bayesian LASSO, BRR: Bayesian Ridge Regression, RKHS: 
Reproducing kernel Hilbert spaces, NN: Neural Networks 

 H/�2 -  
��$�� >�� � 8L3 ��:?@ 8G��� ��&# H��B�# �G���G$ 0��:+�� 8C3 �� ��(��)�0#"�5 ��	 

��  �.�  {��� V:��� c��� H/� �
2  �.	�)#0# 
"�  �

>�� *Y�� � Z�"�# *I&:�@ ��:?@ 8G��� �� Q�L3 ����-

� ���#���@ ��	>�� +� ��\�
"�� H�- ���#���@�� ��	.��* 

�	 ���	 .Snq%Pe  �  �"'  >�� .� ��vRKHS  �


 0\��)# 
�/,�- ����
 Y�� � I&:�@ ��:?@ 8G��� �� Q�L3

>�� �� 0���� 
�"# ���#���@ ��	8�� .I:� +� �&@  ��&�

�. � 
"� � >�� 8C3 �
"� ��q��.�- ���#���@�� ��	 

�   H&W
 �&�>�� �
 �.# �
�� >+������#���@�� ��	 

8��  )Howard et al., 2014(.  

�
�
 +� �
�L��� �� D&BC� 4: �
 K"K 0Je�� ��	 ��	

 0#"�5 0��:+�� 8C3 *0S&n��\n  >��BLUP *

GBLUP O&� *LASSO  �BayesMix4  �+� Q�L3 ����

 �
 �.��� ) 0(�L	BW6 �
 �.� �+� *(12  0(�L	

)BW12 .3�
 *(eviscerating )EP  S&�  ,p- .3�
 *(

)BMP) �@  ,p- .3�
 � (LMP89�' ���e 0��:+�� 
�"# ( 

(Liu et al., 2014)>��  � 
�
 ��)� 0���� V:��� . ��	

 P�� ����
 8C3 �d� +� *�.� 0���� Q�L3 �
 m,�`# -

.S��	 Q��L�# �.S�*  �"'  � �
 8C3 I:��)&�  � ��

Q�L3 BW6  �BW12 ) l&���  � ��:?@ 8G��� ��26/0  �

13/0 >��  � D,J�# (GBLUP 8L3 �
 *EP  �BMP 

)l&���  �  ��:?@ 8G��� ��44/0 �39/0 >��  � D,J�# (

BLUP  8L3 �
 �LMP  ��:?@ 8G��� ��)39/0 D,J�# (

 >��  �BayesMix4  
"�(Liu et al., 2014)  �  �PW� .

0# �d� I:� .����G$ # �� ��%- H��B�# ��:?@ 8G��� ��O&

.S���  ���
 0(��� O&� ��(:
 H#�"-  � Q�L3.  

 
�.J� H��B�# �G�QTL ��:?@ 8G��� �: H/� �
 3   �

0# �.	�)# 2"E� ) I&:�@ ��:?@ 8G��� �
  � 
"�1/0 *(

>+�� 8C3 ��O&# 0#"�5 0F%3� ��	 
�.J� �:�O9� ��

QTL ) 0�.�� ��O&#  �018/08��  �9�: �:�O9� (*  0W�

>+�� 8C3 ��O&# 0F%3� ��	 Z�"�# ��:?@ 8G��� �


) ����# ��O&#  � Y�� �003/0  � 8��  �9�: �	�� (

��)� H#�- �
 I:� I&� H��B�# �G� �.S	
8�� H&W
 .:�� .

 
�.J� 0�e�  � .��� I:� ^"E"# I:�QTL 0# �:�O9� .��:

 +� ����� �\� *��(��)� ����� �
"� 8��G H&W
  �

�# X��:����$  � z"�0# �
 A�U�  � �	 ^"E"# I:� ..:$

0# ����/�$ �� 
"! 0LS# �G� 0�e�qY"3�  � .S�  �\�

 �&G�� 8C� 8L3 0g&�"S9 ^"S� +� ���)&�QTL ���e �	

..���  ���
 

 &P�  JW�j# 4: �
 �&G��  � �+�� �  8G��� wj�

) ��:?@10/0 *25/0   �40/0(*  wj� �
QTL )400  �

600) ��(��)� �����  � � (2000 *4000  �6000 �� (

0��:+�� 8C3 ��O&#0#"�5 ��	 ��  ���e 0���� 
�"# 
�


(Gorgani Firozjah et al.,2014)  �	":��S�  �	 �
 q�P:�B�

 
�.J� �:�O9� ��QTL0��:+�� 8C3 ��O&# * �:�O9� �	

89�:* ��� �:�O9� ��.B# I:��)&�  � Q��L� I:� �� 8G��� �

) I&:�@ ��:?@01/0���� �:�O9� ��.B# I:���� � (  Q�L3


�
 t� Y�� ��:?@ 8G��� �� 4: �
  � 8�� 0W�F �
 I:� .



6                  0LT�- c�P-  :����/�	 �8C3 0��:+�� 0#"�5 I�9�' �d� �
 �� �G� I&� H��B�# >�� *��(��)� ��G$ 
��$�� ���#$ ���!��...   

 

 &P�  JW�j#�(:
 �+��*  ��:?@ 8G��� wj�  � �	 �


)1/0 *3/0  �5/0 
�.J� �:�O9� �� (QTL )100 *200  �

300>+�� 8C3 *( 89�: �	�� 0#"�5 0F%3� ��	

)Alanoshahr et al., 2017.(  

 &P�  JW�j# 4: 0T�+��*  ��:?@ 8G��� wj�  �

)05/0 *10/0  �25/0 Q��L�# 
�.J� � (QTL )4 *10 *20 

 �40>+�� 8C3 0��:+�� ���� ( 0#"�5 0F%3� ��	 �


 �9�' �d� .� 8G��� �
  � 
�
 ��)� D&BC� I:� V:��� .

 ��:?@05/0  �25/0*  
�.J� �:�O9� ��QTL  +�4   �10  �

  � Xg�208C3 ��O&# ** 89�: �	�� Xg� � �:�O9�* 

 ��:?@ 8G��� �
 0W�10/0*  
�.J� �:�O9� ��QTL  +�4   �

10 �� Xg� � �:�O9� �
�:+ l&� �� 8C3 ��O&# *40 

QTL 89�: �	�� (Honarvar and Rostami, 2014) .  

 [:+"� H��B�# �G�QTL  ��:?@ 8G��� �:  H/� c��� ��3 

  dF%#0#
"� �5 0�e�  � [:+"� ����
 �G� �.�- ��	

 ��:?@ 8G��� � �
"� ��#��50/0 .���
 ��.B# I:��)&� *

 8�.� 8C30#.:$ ��:?@ 8G��� �
 .10/0  �50/0 

0��:+�� 8C3  � .� �.	�)# [:+"� ���� 0#"�5 ��	


"� ��#�� [:+"� +� ���� 8!�"S/:* 0��:+�� 8C3 0W� ��	

"� �
 0#"�5q�P:�B� ��#�� � �#�' [:+ 
"� ���/:.  8G��� �


 ��:?@30/0*  8C3 ����
 8!�"S/: � ��#�� [:+"� �


q�P:�B� 0#"�5 0��:+��  ����
 �#�' [:+"� � .�
"� ������

.
"� ����� 8C3  

4: �
  JW�j#  &P��+��*  JW�j# �"dS#  � [:+"� ���#$ 

 ��G$QTL �� 8C3 >+����	 0F%3�  *0#"�5 ��	":��S�

 &P� �#�' ���#$ [:+"� ^"�  � +� �
�L��� �� �.� �+��1 

)shape=0.4, scale=1.66 �#�' *(2 )shape=0.4, 

scale=1) ��� [:+"� � (shape2=1.16, shape1=3.11 (

�5 �����
 *�G� �.�- ��	 ) ��:?@ 8G��� wj�05/0  �

2/0 Q��L�# 
�.J� � (QTL  )10 *20 *50  �100 (

 0F��T�. )����/�	 � �
"�C#*  1394 I:� V:��� .(

 *0���� 
�"# ��:?@ 8G��� �
 �	 �
  � 
�
 ��)� D&BC�

 �#�' [:+"�1 ����
 
"� 0#"�5 0��:+�� 8C3 I:����* 

 �#�' [:+"� �
 l&��� 0W�2 ��:?@ 8G��� �
 ��� � ��	


"�� �&&x� 0���� 
�"#*  �"'  � 8G��� �
 ��� [:+"�  � ��

 ��:?@2/0  �#�' [:+"� �2  ��:?@ 8G��� �
05/0  ����


..�
"� 0#"�5 0��:+�� 8C3 I:��)&�  

 [:+"� � 
�.J� H��B�# �G�QTL : �E�F �	�1@ �
 �.	�)#

� 0�e�  � .QTL 8!�"S/: [:+"� ����
 8L3 ��	

���S 
�.J� �:�O9� �� *.QTL  +�50  ��200 8C3 ��.B# *

0��:+��   � 0��L3 ���� .89�: �	�� 0#"�5 ��	

QTL
"� �#�' � ��#�� [:+"� ����
 �\�$ ��	.� ��.B# *

0��:+�� 8C3 
�.J� �:�O9� �� 0#"�5 ��	QTL  �:�O9�

 89�: � 
"� ��)&� �#�' [:+"� ���� �:�O9� I:� l&� 

 H/�)4 .(  

  

Fig. 3. Changes in accuracies of GEBVs for traits with different heritability estimates due to increment in the 
number of QTLs (a) and for traits with different distribution of QTLs due to increment in heritability (b) 
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Fig. 4. Changes in accuracies of GEBVs for traits with different distribution of QTLs due to increment in the 
number of QTLs (a) and or due to increment in the effective population size (b) 
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Fig. 5. Interaction effect of effective population size and estimation method of marker effects on the accuracy of 
genomic evaluations. BA: Bayes A, BB: Bayes B, BC: Bayes C, BL: Bayesian LASSO, BRR: Bayesian Ridge 

Regression, RKHS: Reproducing kernel Hilbert spaces, NN: Neural Networks 
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Abstract 

This study aimed to investigate the interaction effects between marker effect estimation methods, population 
structure, and genetic architecture of the trait on the accuracy of genomic evaluations. A reference population 
with two different effective population sizes (100 and 500) was simulated using the QMSim software. 500 
markers and two different numbers of quantitative trait loci or QTLs (50 and 200) were distributed randomly 
through the genome including a 100 cM chromosome. In this study, three traits with different heritabilities (0.1, 
0.3, and 0.5) were simulated. The genomic breeding values were predicted using Bayesian ridge regression, 
Bayes A, Bayes B, Bayes C, Bayesian LASSO, Reproducing kernel Hilbert space, and neural networks 
methods. Through the three heritabilities, as the effective population size increased, the accuracy of genomic 
evaluation decreased with different trends. As the number of QTLs increased, the accuracy of low heritability 
trait increased, but the accuracy of medium and high heritability traits decreased. Similarly, as the number of 
QTLs increased, the accuracy of the trait with normal distributed QTLs increased, but the accuracy of traits with 
gamma and univariate distributed QTLs decreased. For all types of QTL distributions, the increment of effective 
population size decreased the accuracy of genomic evaluations. The results of this study clearly showed the 
interaction effects between markers effect estimation methods, population structure, and genetic architecture of 
the trait on the accuracy of genomic evaluations. 

Keywords: Interaction effect, Genomic selection, Population structure, Prediction accuracy, Trait genetic 
architecture 
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