
 ���� ����	
� �����  

 �������/	
� ����/��� ���1399 )22 -15( 
 

������ �	��  

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

"�+  

$�!�� ���,
*  

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

  

 :01��� 2���)08/08/98  -  :5%�67 2���17/11/98(  

"��./   

%9�: ;<
=7 ��  
 >?%! 0@A�? �(�+�� %B�'�<%.��)� ��+A�  #,�+CD '+@�"E#*"� F� )SNP( �& %� �+� '(��+C��! 0GH

 (I)@�"@J���).01%& �%L  �%� �"! 	%� (�  �M1�QMSim  ��+A� N� >?%!  ��$-O� F��� ��P�� '�%�1000 ��"@: N@Q�'(�� 

�+� ���R��� .+�  (����� '�< >?%!N��� 
�  ��P���+: ) �
� N���AS@�"�T U!�� (  #H� '�< '
�:�����& '�< �+�) ��+A�52 

 %.��)� �M<SNP( 
 ) 	
� N���B (V
%W �� �����& '�<���� X"�P! (� �+� �<) ��+A�37  %.��)� �M<SNP ( ��P���+.  
� %< �

>?%! 0@A�? ��+A� �N��� �� 100 �250 �500  
750 N@Q� ��"@: .+� '(�� '�<%.��)� ��+A�SNP   1��Y� "O N� �+� Z6:

0Q�� �� 
 '�<15 �30 �55 �70  
95  +H�N@Q� N��� 
� %< � '(���.+ %� [���  '�<%.��)� 5(� I@�  .��Q�<SNP 

�\ 5(� 
 Z6: (� UQL  #H��< '(��+C��! (� +A��  �
\%� 0GH� .+ 0G� '(��+C��! 0GH N* ��� ��)� %9�: NA]�^! _����

 %@B`� 
 >?%! 0@A�? �(�+���*�%�  '�<%.��)�SNP �& �%L �+�0��� .��  (� >?%! 0@A�? �(�+�� ;��M1�100  N�750 ��"@:� 

 '(��+C��! 0GH a�"�! ;��M1� N��� 
� %< �01�� �� >?%! 0@A�? '�%� 0GH ��M@! I�%�)@� .750  NC!�� � ��"@:

89/0  ��98/0 N��� '�%� A  
90/0  ��99/0  N��� '�%�B  .+� �+<�)! � N #* "O�  >?%! 0@A�? �(�+�� %&� N* ��� ��)� _����

  1�* �(�+�� N�+��� #$ � %.��)� ���( ��+A� �bSNP �&�+��  %@@c� '(��+C��! 0GH'���( .�%* +<�"d�  

"0��$��1� $�� :  ���(� !"�T���� ��& '�<�+� � �	��;@7 0GH � C@�'(��+C��! 

 
*

 :�"E�! e+C��"� Mohamadi_yahya@yahoo.com 

doi: 10.22124/ar.2020.14875.1466  



16                                            '+�G!  @G� :N@Q� ���� � '(��+C��! 0GH %� >?%! 0@A�? �(�+�� 
 �<%.��)� �*�%� %B��+� '(��  

 

����  

0ACH � 5
%7 )* (� '�@�� '%@� 
�&�@�� '�<"� 

T  :-H� 5(� I@.��@! (�  !"��B\  #,�+CD F� '�<

'+@�"E#*"�1  %.��)�)SNP ! NQ��G! ("�) �Hayes et 

2009.( � ��� %@W� '�<���R��� (� I1 '
\ "�M!�N U@]� 

N��%� I�1%& �%L [%��� � '�<%.��)� '�<SNP  �*�%� ��

g��� hQ�  N#H�1 ;<�* NP@�� �  ,@��T 01%)@7 ;��M1�

 
 U�� ��"? %� i���"@: j�d��� 0GH ;��M1��+� 0�� 

)Schaeffer, 2006.( N��%� (� ���R��� N� U���� �*�%� �� '�<

� I@��7N NC�M< ;<�* U@]�� �< N '�<")* '�%� �=�
 �

 ��: � NA�"� ��: ;��M1�0��.  '(��+C��!

I)@�"@J���)2 '�<%.��)� (� (SNP N��%� '�%� �*�%� �� '�<

5�%� N� I@��7g�� �*�%� �� '�<� �� F�  ;<�* '�%� U:

NC�M<�< i�$-O� ��
\ 0�+� 
  i���"@:  J@�"�T0�� 

)Zhang and Druet, 2010; Whalen et al., 2018.( 

;@7 �  #H� ;k� 0�� ��L '(��+C��! 5(�  C@�

 ��+A� 0�� ��L 5
 I�� .+��� N����  !"�T  :-H�

 I@�d� ig��A! � � �+� S@�"�T I@@A� i���"@: (� '���(

 ;��M1� hQ� NP@�� � 
 ��"�� ��
  !"�T  :-H� 5(�

;@7 0GH C@� �<�"� )VanRaden et al., 2011 .( 5�M&

  ^W i"H N� '(��+C��! 0GH ;��M1� �� N* �+�

;@7 0GH ! �+@7 ;��M1� M@�  !"�T  :-H� 5(�  C@�-

) +C*Mulder et al., 2012 N* 0�� �+� 5�M& I@Cl�< .(

 '�<%.��)�SNP � g�� '(��+C��! 0GH �� N U��L "O

��C@�O�  ;@7 0GH 'g�� �
\%� �  �Qm! %B� 5(�  C@�

:-H�) +���  !"�T  Mulder et al., 2012 NA]�^! � .(

Daetwyler et al. (2011)  5�M&+�  S@�"�T %&� N*

� '(��+C��! U!�* "O N� i���"@:")  :-H� 5(� �+�

 ��  !"�T0GH �
\%� %��*  !"�.�  '(��+C��! '�%�

 '�<%.��)�SNP 5
'�< +��� �"?
 '�+A�! N�"& I�� .

5
�< %�  [����%P�U]\ n%R� �  .��"@7 ���A� 	+$ ��<

)LD �(0@A�? i�$-O�  ���\ U��k�! h@*%� 
+��� �%L.  (�

5
 I@��"?"! '�<�  !U.� 5
 ��"� )Beagle( 

)Browning et al., 2018(� S<+C@1 )Findhap( 

                                                           

1. Single nucleotide polymorphism 
2. Imputation 

)VanRaden et al., 2015( i"@J���+7 
  )PedImpute (

)Nicolazzi et al., 2013( .�%� 	�� �  ��"!  oA� � N*

 '"L '+�
�)�"W p�Q�� ��%1� I@� i�$-O� N� ��+� �"?


.0�@� (�@� '(��+C��! ��P�� '�%� �%P�  ��P�� '�%�

 '(��+C��!�>!�"? N�"& I�� � 	%� �M1�Flmpute ���C)@7 

 !�"� )Sargolzaei et al., 2014.(  '(��+C��! �

0@A�? ��%1� I@� N* 0�� I�� %� q%1 0@A�?�   O�Q��

� '+�
�)�"W p�Q�� 
 ��+� �"?
 N �@k��!%@b i"H

0��. S���"#7�< F�* N� ��%1� I@� N��)���<   ��%1� � N*

 r%�)!0�� ! 0�+� �+�\ )Browning and Browning, 

2011.( S@�"#7�< +C#� �"O �� ��%1� ���,�� F��M� p�Q�� %�

FD"* S@�"#7�< �"O �� 
%��  0GH .+��� '%�
� p�Q��

 0G� '(��+C��! %@B`� 0@A�? � ��%1� h@*%� 
 ��+A�

 �(�+�� �>?%! %Bs!0@A�? S@�"�T �*�%� I@� i
�R� 
 '�<

?%!>  �+� '(��+C��! 
��� �%L )Sargolzaei et al., 

2014.( U��k! �� 	%� �M1�Beagle  �+! F� %�  C�Q!

N�"W'�-  J@�"#7�< S@�"#7�< N*! '�< UW�� �  A9"

N�"W�%L �<  !+<� 0�� )Browning et al., 2011.(  0L�

���( �@�� 5
 I��� 0L
 i�Q��G! ��!(  ]
 %@&0�� 

)Sargolzaei et al., 2014.(  NA�"� ��: � '�<")* '�%�

I@@A� I���)#< '�<
�& N* ��%�� +C��!  '���( �+� S@�"�T

0�@� [%��� � 
 Z%O (� %.�� N��!%� '�%� '�6& I@@A�

S@�"�T N��%� �� �� '�<�*�%�  g���<
�& �  M@��
+G! 0�� �

;@7 0GH ;��M1�  !"�T  C@� (� ���R��� �� 5


'(��+C��!  ! +��"���+��� �)& .%9�: NA]�^! (� Z+< �

%B�  �%�  '�<%.��)� ��+A� 
 >?%! 0@A�? �(�+��SNP  (�

.�"� '(��+C��! 0GH %� N�1 0��  

2�) � ��
���  

	%� (�  �M1�QMSim  ��!( �"O � 0@A�? F� ��P�� '�%�

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

1000  �� �MP! U��2000 N@Q� �%1  '(��� ��P�� '�%� .+

LD U�� (� �1000  U�� N�1020  N� 0@A�? ��+A�1000 

 ��"@:;<�*  �+@7�%* U:�%! I�� � tC? %< ��%1� ��+A� .

��"� %��%� �< ��  ��+A�)1000 ��"@: L-� 
 (  %�  [���

0R?  0!�&  1��Y� �+� ��<  N�"�� N*  (�  1��Y� '�<



 �������/	
� ����/��� ���  !�� i�+@]"� i�k@kG�1399 )22-15           (                                                                         17  

 

0!�& ��.�T +��"� ���! 
 %� '�<�  +� 	�P��.  U* ��+A�

�+� S@�"�T I@@A� i���"@: ��P�� '�%�   ��$-O� F���

>?%!1��+A� N� 1000 N@Q� ��"@:� '(��.+ i���"@: (� 

� �"?"!  ��$-O� F����  
�N���2  ��P��:+� �
� N��� 

)A U!�� (S@�"�T ��+A� ��  #H� '�<52  %.��)� �M<SNP 

���� U!�� N*�& '�<�+�3 N@Q� �+��"� M@�+� '(�� � 
 

) 	
� N���B(� �����& '�<�+� ���� X"�P! (� V�W �<

� ��+A� 
 �+37  %.��)� �M<SNP .+��!  L��  N��� 
� %<

	%� � �M1�FImpute  +C�1%& �%L ���R��� �"! 

)Sargolzaei et al., 2014(. 	%� I�� (� ���R��� U@]��M1�� 

���� >�%� u@GY� i�Q��G! >�%� 	�P�� 
 �<.�"� S@�"�T-

 '�<AA �AB �BB S@�"�T 
�& '�<� �+� N� h@�%�� �+$�� 

0 �1 �2  
5  I�M.��?�.+�+  '(��+C��! '�%� ���� U��1 (�

;@7 q%10�? +� ���R��� 0@A�? '(��+C��! 

)Sargolzaei et al., 2014.(  '(��+C��! 0GH �"!(\ '�%�

0@A�?�  Z6: '�<%.��)� ��+A� 
 >?%! 0@A�? �(�+��

�+�  
� ��"C$ N�%@c�! +� N�1%& %v� �  #H�+�.  �(�+��

 �
%& ��D N�  1��Y� "O N� >?%! 0@A�?100 �250 �

500  
750  (�) �+� S@�"�T I@@A� ��"@:1000  ��"@:

N@Q�'(�� (�+� �@�k�.+� '+C�  Z6: '�<%.��)� ��+A�

'�%� �+�  N��� 
�A  
B  N�i"H  '�%�  1��Y�_C7 

 0]�:15 �30 �55�70  
95  +H� Z6: '�<%.��)�SNP 

.+� N�1%& %v� �  ��+A� �N��� %< '�%�20 U��1 �"!(\ 

 ��P���.+  '(��+C��! i
�R�! w"^� �� U��1 %< '�%�

�+� Z6: '�<%.��)� 
 >?%! 0@A�? 	%� N#@�
 N� �M1�

FImpute ) +� ��P��Sargolzaei et al., 2014.( 0GH 

;@7 C@� %� [���  '�<%.��)� 5(� I@�  .��Q�<SNP 

 '(��+C��! (� +A� �\ 5(� 
 Z6: (� UQL  #H� �
\%�

�) +Hickey et al., 2011; Carvalheiro et al., 2014.(  (�

 ��P�\  N*
 >?%! 0@A�? '�%� ��%1� j�d��� I@Cl�< 

 '�<%.��)� j�d���SNP  �+� Z6:� N �  1��Y� i"H

%1 U* �+� N�1%& %v��\+C ��M@! N� 50  �%,� ���.+  '�%�

N��� %<� 1000 .+� ��P�� '(��+C��!  0GH

                                                           

1. Database 
2. Dataset 
3. Missing data 

 N^�� F�* N� '(��+C��!%�(  0GH a�"�! ��"C$ N�

 �<�%,� 	��� '�%�:+!\ 0�+�  

������� ���	���
 =
∑

��(����,����)

�����∗�����

�
���

�
 

 � I�� �N^��n  ��<�%,� ��+A�SNP1  
SNP2 � N +* h@�%�

 %.��)�SNP '(��+C��! (� +A� 
 Z6: (� UQL �"� 

)Carvalheiro et al., 2014(.  CA! N���k! '�%� N� 
� '��

 (� 	�+* %< 
�N��� '�<A  
B  (� N�MP�'�!\ Hotelling- 

Williams t- test  ���R��� +�)Olson et al., 2011 .(

;@7 0GH N���k! ;��M1� '�%� �<�%Q<� 	��� �  C@�

� >?%! 0@A�? �(�+�� NN��� '�%� N��&�+? i"H '�<A  


B  
 '�%�10 	%� F�* N� %W\ �%,� �M1�SAS  Nd��4/9 

I@.��@! N���k! 
 NQ��G! I,��� �"!(\ F�* N� �< 	�P��

.+�  

3�� � 4,�'�  

'(��+C��! 0GH : �
+? � �+� 5�M& _���� [��� %�

1 � '(��+C��! 0GH a�"�! 
 >?%! 0@A�? �(�+�� N�

 �<%.��)� �*�%� ��M@! N����
�"�.  �� 0GH ��M@! I�%�)@�

 NC!��832/0  ��998/0  �<%.��)� U!�* i�$-O� U!�� N*

���� �
+�  16: '�< �"� � N���B  .+� �+<�)!  � �!�

N��� A  N* 0GH NC!�� ��"� �+� �& '�<%.��)� U!��

I@��7 '�+k! (� %�765/0  ��978/0 ��� y�Y�W� �"W N� �. 

;@7 0GH C@�  !"�T  >?%! 0@A�? �(�+�� '�%� 	��� �

 N��� I@� �<�%Q<�A  
B  CA!�� ) +� �
\%�05/0<P .(  

 �
+? _���� z��^!1�  (� >?%! 0@A�? �(�+�� ;��M1� ��

100  N� ��"@:750 N��� 
� %< � ��"@:�  0GH a�"�!

;��M1�  CA!'�� 01�� )05/0<P( � N* NP@�� I��_���� �� 

VanRaden et al. (2011)  
Calvalheiro et al. (2014) 

 0k��^! {-!�*���.  �(�+�� '�%� 0GH ��M@! I�%��*

�? >?%! 0@A100 ��"@:  '�%� 0GH ��M@! I�%�)@� 


 0@A�? �(�+��750 N��� 
� %< � ��"@: \ 0�+�+! .

 �+k! '�%� 0GH NC!��N���  A (�765/0  ��978/0  '�%� 


N��� B  (�832/0  ��998/0 .+� �+<�)!  0�� �+� 5�M&

>?%! 0@A�? �(�+�� ;��M1� �� N*� �B\  '�<%.��)�SNP  ��


 �
\%� %�)@� 0L� 
 0GH 0GH {�QL�A�! ;@7 C@� 



18                                            '+�G!  @G� :N@Q� ���� � '(��+C��! 0GH %� >?%! 0@A�? �(�+�� 
 �<%.��)� �*�%� %B��+� '(��  

 

 ! ;��M1�  !"�T+��� )Elsen, 2016.( NA]�^! � Hong et 

al. (2017)   0@A�? ��%1� ��+A� ;��M1� �� N* +� 5�M&

>?%! {g���:�  �+k!LD  
 %.��)� I@�QTL 
 ;��M1� �<  �

NP@�� ;@7 NA]�^! 0GH .01�� +<�"W ;��M1�  !"�T  C@�

 +@��� � %9�: ;<
=7 _����i�A]�^! g�� .�"�   

%.�� Z%O (��  '�<%.��)� ��+A� ;��M1� ��SNP  ��+� Z6:

 N��� 
� %< '�%�A  
B (�+�� 	��� '�%� 
�@A�? '�<0 

>?%!� ;@7 0GH�
+?) 01�� ;<�*  !"�T  C@� 1 .(

 ;��M1� �� N* N@9%1 I�� �� 0k��^! � %9�: NA]�^! _����

 '�<%.��)� ��+A�SNP ;@7 0GH ��+� Z6: C@��< 

 ! �+@7 ;<�* +C*0�� )Kranjcevicova et al., 2019.( 

 ! ��"��%* ���� ;@7 U��L '(��+C��! 0GH N* N�  C@�

���� h@*%� .���  .��� �< '�%� 0GH ��M@! I�%�)@�

 >?%! 0@A�? ��750  ��"@: N��� '�%�B  	��� +L�1 N*

 
 i�$-O�'���  �+k! N� ��"� �+)�& ����998/0  0�+�

+!\.  '�<%.��)� I@��7 w"^� ��+� Z6: )15(+H� 

(�+�� � N��� 
� %< '�%��'�< i
�R�! >?%! 0@A�?� 

;@7 0GH �  ��+CD i
�R�� �+<�)!  C@�).+  I��%��C�

 ! ��"��%* ��@�  '�<%.��)� ��+A� �* �(�+�� � N*SNP 

 0GH '
 >?%! 0@A�? �(�+�� ��+� Z6:%B�  ��+CD

 ��! ��+�.  (�'"� %.���  N* ��� ��)� %9�: NA]�^! _����

 #$ ���( {��Q�� ��+A� �b '�<%.��)�SNP ) �+� Z6:95 

'(��+C��! �� (+H�� �g�� {��Q�� 0GH  �  NC!��765/0 

 ��832/0 ) >?%! 0@A�? i���"@: �* ��+A� �  �:100 

 (��"@: ! UH�:�"�. %9�: ;<
=7 �� N���k! ��  �

 NA]�^!Kranjcevicova et al. (2019)� 0GH NC!�� 78/0 

 ��79/0 >?%! 0@A�? �(�+�� '�%� %��%� 100  
 ��"@:

 '�<%.��)�SNP �+� Z6: ��M@! N� 95 +H�  5�M&

.+�  NA]�^! �Calvalheiro et al. (2014)�  0GH

 '(��+C��! g�� �*�%� �� N��%� ��)50 (�� 0R? "#@*(  N�

 ��M@!97/0  5�M&+�.  NA]�^! �Ventura et al. (2014) 

 N* �� N��%� '�%� '(��+C��!6  N� (�� "#@*50  �%?� (�� "#@*

 '(��+C��! 0GH +��@A�? '�%�   ��+A� N�2300 

 �
\%� �+� S@�"�T I@@A� ��"@:�+.  '�<%.��)� ��M@!

SNP  �+� �&�� %��%� 65  +H�>?%! 0@A�? �(�+�� 
  N�

��M@! 11 �33  
65  �+� S@�"�T I@@A� i���"@: +H�

 q%1��\ _���� .+ N* ��� ��)� �< '�%� '(��+C��! 0GH

� 	"� 
 	
� ��
� 0@A�? N h@�%�87/0 �93/0  
94/0 �"�. 

 �� N��%� '�%� '(��+C��! N* %.�� NA]�^! �6  N� (�� "#@*

50  (�� "#@*+� �%?�  U!�� >?%! 0@A�? �(�+�� 
80 

 �+� S@�"�T I@@A� ��%1� +H���"�  0GH ��M@!

'(��+C��! �� %��%� 92/0 +� 5�M& )Wang et al., 

2016 .(� W% kkG! (���  ��+A� %&� N* +��%* 5�M& ��%1�

+��� FD"* �@�� >?%! 0@A�? 0GH ;��M1� '�%� �

 0@A�? N� � 0@A�? �\ ��+�
�)�"W +��� '(��+C��!

) �"�� N1�9� >?%!Ventura et al., 2014 .( ;��M1�

>?%! 0@A�? N� F��M� �@�� ��+�
�)�"W�  0GH

 �� � '(��+C��!N�  ! ;��M1� +H� +<�

)Kranjcevicova et al., 2019 .( NA]�^! � I@Cl�<

Ghoreishifar et al. (2018)  �\ ;@!
�& '
 N*  	�P��

� ��+A� N� >?%! 0@A�? N� '�%� �+30 �52  
80  +H�

�+� S@�"�T I@@A� 0@A�?� � '(��+C��! 0GHN  h@�%�

88/0 �93/0  
97/0 �"�. %9�: NA]�^! �� !��M@  a�"�!

 '(��+C��! 0GH N��� 
� %< '�%�A  
B  
 �(�+�� '�%�

 >?%! 0@A�?25  +H��N  h@�%�91/0  
95/0 '�%� �

>?%! 0@A�?50  +H�h@�%� N� 94/0  
97/0 
  '�%�

 >?%! 0@A�? �(�+��75 +H��  h@�%� N�96/0  
98/0 

.+!\ 0�+�  '(��+C��! 0GH a�"�! ��"� g�� U@]�

 {g���:� ��+A����( S@�"#7�< ��%1� I@� r%�)! '�<0��.  �

NA]�^! '�<%.��)� ��+A� ;��M1� �� N* +� 5�M& '�SNP 

(� �+� Z6: 10  ��50 +H��  CA! 0GH ;<�*�"Q� ��� 

 ]
   16: '�<%.��)� ��M@! ;��M1� ��  (� 50  N�75  
90 

+H��  0GH;@7 CA! ;<�* '(��+C��!  !"�T  C@�-

 '�� ! �+@7 +C*)Schurz et al., 2019.(  I�� �� N��)!

_�����  '�<%.��)� ��+A� ;��M1� �� M@� %9�: ;<
=7 �

SNP :6 (� �+� Z70  N�95 +H��  ;<�* CA! �� 0GH

�<�%Q<� 	��� � �+<�)!  �
+?) +�1.(  ���� �
+?2 

 '�<%.��)� ��+A�SNP  (�+� i"@J���) �+� '(��+C��!

 N��� 
� �A  
B  ! ��)� �.+<�  %.�� Z%O (��� 	%� �M1�

FImpute w"^� �� ) ���� U��1 N��� %< '�%� '(��+C��! �

 �\ %@B�� 
 (�+� Z6: '�<%.��)� 
 >?%! 0@A�? i
�R�!

 '�<%.��)� '(��+C��! 0GH %�SNP .+�  �%�  



 �������/	
� ����/��� ���  !�� i�+@]"� i�k@kG�1399 )22-15           (                                                                         19  

 

           �
+?1 - N��� '�%� 0@A�? '(��+C��! 0GH a�"�! '�<A  
B  
Table 1. Average accuracy of population imputation for datasets A and B 

      

Dataset B   Dataset A  
Deleted 
markers 

(%)  

      
Size of reference population  Size of reference population 

750  500  250  100   750  500  250  100  

0.998±0.27a  0.993±0.26a  0.989±0.23a  0.976±0.20b  0.978±0.20a  0.976±0.23a  0.953±0.18ab  0.945±0.20b  15 
0.993±0.25a  0.990±0.24a  0.986±0.20a  0.968±0.21b  0.976±0.24a  0.973±0.20a  0.947±0.21ab  0.936±0.19b  30  
0.989±0.22a  0.985±0.23a  0.977±0.19a  0.954±0.19b  0.969±0.22a  0.965±0.19a  0.939±0.19ab  0.925±0.16b  55  
0.980±0.23a  0.978±0.22a  0.968±0.17a  0.943±0.18b  0.963±0.21a  0.954±0.18a  0.922±0.17ab  0.918±0.16b  70  
0.901±0.24a  0.887±0.21a  0.832±0.17b  0.785±0.20c  0.895±0.19a  0.832±0.18b  0.806±0.13bc  0.765±0.10c  95  
 Means within each column with different superscripts for datasets A and B are significantly different (P<0.05) 

  

�
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Table 2. Number of single nucleotide polymorphisms (SNPs) to be imputed in datasets A and B 

          Dataset B (37000)  Dataset A (52000)  Deleted markers (%)  
5550  7800  15  
11100  15600  30  
20350  28600  55  
25900  36400  70  
35150  49400  95  
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Table 3. Average percentage of correctly imputed SNPs for datasets A and B 

Size of reference population for dataset B  Size of reference population for dataset A  
750 500 250  100  750 500 250 100 DM�   

0.999±0.27a  0.993±0.26a  0.989±0.23a  0.982±0.26a   0.995±0.28a  0.991±0.26a  0.981±0.25a  0.975±0.24a  15 
0.995±0.26a  0.991±0.25a  0.987±0.20a  0.981±0.25a   0.990±0.26a  0.989±0.25a  0.980±0.24a  0.967±0.22a  30  
0.990±0.24a  0.987±0.24a  0.980±0.21a  0.965±0.22ab   0.989±0.22a  0.978±0.24a  0.975±0.23a  0.963±0.20a  55  
0.989±0.23a  0.980±0.24a  0.976±0.20a  0.953±0.21b   0.982±0.23a  0.967±0.22b  0.963±0.22b  0.954±0.21a  70  
0.923±0.21b  0.890±0.19b  0.856±0.20b  0.797±0.21c   0.901±0.22b  0.844±0.21c  0.823±0.19c  0.773±0.19b  95  

* In each column, different superscripts indicated the significant difference between means (P<0.05). 
� DM means Deleted Markers (%). 
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Abstract 

In this study, effect of the reference population size and the number of missing single nucleotide polymorphisms 
(SNPs) on imputation accuracy was assessed. The QMSim software was used to create a reference database of 1000 
simulated animals. Two datasets were created from the database reference: The first dataset (A), included original 
genotypes, containing the missing SNPs (52,000 SNP markers), and the second one (B) included the same genotypes 
without the missing data (37,000 SNP markers). In both datasets, animals were simulated for a reference population 
with the size of 100, 250, 500 and 750. The deleted SNPs were simulated randomly in both datasets with the 
proportion of 15%, 30%, 55%, 70%, and 95%. The accuracy was determined based on the correlation between the 
original SNP values before deletion and its values after imputation. The results of this study showed that the 
accuracy of the imputation was influenced by the size of reference population and density of the deleted SNP 
markers. By increasing the reference population size from 100 to 750 animals in both datasets, the average accuracy 
of the imputation was increased. The highest accuracy in the reference population of 750 animals was from 0.89 to 
0.98 in dataset A and 0.90 to 0.99 in dataset B. Generally, the results showed that if the size of the reference 
population is sufficient, the imputation accuracy does not much change, despite large number of missing SNPs. 
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