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Table 1. Measures of genotype quality control and number of SNPs removed per measure 

Quality control  thresholds Number of SNPs removed per threshold 
SNPs located on the X chromosome 39367 
SNPs located on the Y chromosome 1224 

SNPs located on the Mitochondrial DNA 343 
Call rates per marker < 90% 445091 

Minor allele frequency (MAF) < 0.01 33152 
Markers deviated from H-Wa equilibrium 

(P-value<10-7) 2159 
Remained SNPs 281333 

  a Hardy-Weinberg  

 =>� � ?����  

 �"�� $�
+��6!����  ��� ������ $�
+��6!���� �6��G�

4
K1. !� 	6 �� "� $&#���A ��^+ � "�L��� �"�� ���

 W��. "� PKN�^�2 ��� P|�"�  .4+� ]^+ 06�8X��

��A0
� "� $&#�  $���+ ��)� "� $+"�� �"�� �����)�

 �� ������ 06��1� P� $N�U "�  ��Y
��Z k���� �)� P� �

.��� $���O
+  "�L��� �"�� $�
+��6!���� "��G� 06��1�

)246/0Y
� (   ��6� ��+ !� .�� ������ $���O
+ ��)� "�

 �����)� "� "�L��� �"�� $�
+��6!���� �6��G� 06�8X��

) ����339/0) $���+ � (338/0 \6��� 06� .��Z 4+�� (

������ $�
+��6"���� �6��G� ��
� c+��� F
e^8 ����� 

 $&#���A ��^+ ��� ������4
K1. "� �� .��� P�����

STRUCTURE )e��Y
� k�e��+� �� $��(  $+"�� 4�.

���� P'�1�� "� $��b
�Z � $#
�� "��D�+ �����( ���

 @��� ���6� $���64333 ���6�. �� P�5�( "�#�.  \6���

P��D !� @��U ���� ���� 4�� r&�b� "��G�K  4�� "�

� $��� ��( ��)�@#� " 1 .4+� ��� ���� o6�1�  "�2= K )

4+� ��� [�5 P�  d��

i8 $��18 4
K1. �� ���8 ��.�

���� "� ��.��$� P
.�8 �" ��(��� ��)���� $���+  ���� �

��Y
� P� c
8�8 P� 6/97  � %3/94%  S
�+ P��D 	6 "�

$N�U "� .�����) $���O
+ ��)� P�92 P��D 	6 "� (%

� P�5�( "��Q Y6�1��4+ P�b
�Z ����)� �6�+ � �� 06� !� ��

 P��D���� Y6�1�� "� .���3K=  P��D 	6 "� ���� ��)�  

.4+� ��� ���q @G�O�  Y
� $���O
+ � $���+ �����)�

"� ���f1� P��D��"�� ��. Y6�1�� $6�� ����)� �6�+ � 

�����"� $� �"�� P��D P+ 06� !� $8��B�� $��b
�Z-

 �6��G� "� .�����K �� !� �8X3P����   ��)� "� $��b
�Z ���

 � $���O
+ �����)� P#
N�U "� 4+� ��� ���q ����

 d��B8 .���� �BU �" ��D `�&D ���f1� ���O���8 $���+

 0
N�� ���� ����)� �6�+ �� $��"��!�� � $�N�8 �����)� ��
�

"� "��4K=  �"�p P� 4+� P�5�6 "��qP� P� c
8�86/79 � %

9/68�5� !� % "� $��"��!�� � $�N�8 �����)� ��4K=   	6 P�

��� ���� 4eO� ��O#6 P��D�6��G� d��

i8 .��� ΔK P�

 r&�b� �6��G� ��!�K @#� "� 2 ���� o6�1� 4+� ��� .

 "��G� 06���
�ΔK  "�3K= $� ���� ��� 06� .��Z 4+��-

 ���K8 P� ���3 ���( ���K8 @#� 06���� P� P��D ���

� ��.�� $#
������ P'�1�� "$� P
.�8 �" �� 4eO� .���

P��D P� ����)� !� 	6 �� m�O��� "� r&�b� ���3K=  "�

W��. 3  r&�b� �6��G� 0
�f11� .4+� ��� ���� o6�1�

Fst 4
K1. ��
� "� ��� [�5 ���3K= W��. "� 4  ����

 ����4+� ������� .$� ���� W��. 06� ��� P� ����

N�� ��
� $#
�� P&��5 ��� k�e��+� P��D 0
��� � 0


P�) �� PO6�G� "� ($���+ � ���� �����)� P� k���� c
8�8

P��D $#
�� P&��5 ��)�) %�+ P��D �� %�� � W�� ���

 ��)� $#
�� P&��5 0
�f1� .4+� ���� ��1� ($���O
+

 ��)� �� $���+ ��)� P&��5 �� PO6�G� "� $���O
+ ��)� �� ����

�� ���
� $���O
+ .4+� ��  

  



98                 $16�� S6�� Y
N��Z :��"�#1� � "��D�+ $#
�� 4
K1. �����( $��� ���6� �� ���B�+� !� ��������� S����� ...@#���A  

  

 W��.2 - ��A ]^+���6� $��� ��( �����)� !� 	6 �� "� "�L��� �"�� $�
+��6!���� � ��� ������ $�
+��6!����  $&#� 

Table 2. Level of polymorphism, observed heterozygosity and expected heterozygosity for each Iranian native cattle 
breed 

Breed Number of samples 
% SNPs with 
MAF > 0.01 

Observed 
heterozygosity 

Expected 
heterozygosity 

Sarabi 20 9.1 0.322 0.338 
Taleshi 10 15.8 0.306 0.317 
Mazandarani 10 12.8 0.320 0.326 
Pars 10 16 0.291 0.314 
Kermani 10 13.1 0.283 0.312 
Najdi 9 16.8 0.295 0.307 

Sistani 10 25.5 0.229 0.246 
Kurdi 10 12.4 0.330 0.339 
Total 89 15.2 0.297 0.312 
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1. Ascertainment Bias 
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Fig. 1. Cluster assignment for eight values of K investigated. Each individual is represented by one vertical line with 
the proportion of assignment to each cluster shown on the y axis and colored by cluster 
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Fig. 2. Representation of changes in ΔK values per different K (number of assumed populations) values. Maximum 
point of ΔK depicts the optimal K value 
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Table 3. Proportion of membership of each population in each of the three Inferred clusters (K= 3) 

  

  

 

 

                                      Inferred clusters 

Population 1 2 3 Number of    

individuals 

Sarabi 0.106 0.093 0.800 20 

Kermani 0.616 0.375 0.009 10 

Sistani 0.901 0.089 0.010 10 

Najdi 0.549 0.429 0.023 9 

Kurdi 0.023 0.914 0.063 10 

Taleshi 0.290 0.710 0.001 10 

Fars 0.567 0.408 0.025 10 

Mazandarani 0.344 0.655 0.000 10 
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Table 4. Estimated pairwise Fst between Inferred clusters in K=3 

Cluster 3 Cluster 2 Cluster 1 Cluster number 
0.2927 0.0107 0.000 Cluster 1 
0.1618 0.000 0.0107 Cluster 2 
0.000 0.1618 0.2927 Cluster 3 
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Abstract 

The objective of this study was to detect genetic structure of Iranian indigenous cattle using dense single nucleotide 
polymorphism (SNP) markers. In total, 90 cattle individuals comprising Sarabi (n=20), Kurdi (n=10), Mazandarani 
(n=10), Taleshi (n=10), Sistani (n=10), Kermani (n=10), Najdi (n=10) and Fars (n=10) breeds were sampled. 
Genotyping was performed using Illumina High-density Bovine BeadChip designed to genotype 777,962 SNPs. 
After removing sites being in linkage disequilibrium (pairwise sites having r2 greater than 0.2), 64333 SNPs 
remained for further analyses. STRUCTURE software was used to detect genetic structure of native cattle in this 
data set. Number of assumed populations per run was selected between two to eight. Results of this study indicated 
that in the first level of clustering (K=2), Sarabi (97.6%) and Kurdi (94.3%) populations shared the same cluster and 
Sistani (92%) had another separate cluster while other breeds were admixed from these two clusters. Kurdi 
population appeared as an independent cluster at K=3. Most suitable number of genetic groups in data set was 
explained by three clusters (K=3). Genetic differentiation of Iranian indigenous cattle was well detected in this 
study. Also, similarities of geographical distribution and production characteristics were in good accordance with 
founded genetic relationships in this study. 
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