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Introduction: Identifying of genes with large effects on economically important 
traits, has been one of the important goal to sheep breeding. Over recent years, 
advances in DNA-based marker technology have made it possible to identify 
genomic regions or quantitative trait loci (QTLs) underlying complex traits, such as 
fleece traits, in sheep. The present study aimed to conduct a genome wide association 
studies (GWAS) based on gene-set enrichment analysis for identifying the loci 
associated with wool traits in native Zandi sheep using the 50K arrays.  
Material and Methods: A total of 300 Iranian Zandi sheep used in this study came 
from the Zandi sheep breeding station. Wool sampling coincided with the maximum 
wool growth prior to the shearing of wool. In order to facilitate sampling, sheep were 
restrained in a lateral position and true wool from the left mid-side site was cut from a 
5×5 cm2 close to the skin using regular scissors. Each sample was separately 
packaged and labeled with ear tag number of the sheep. We measured and recorded 
four wool production traits: staple length (SL), mean fiber diameter (MFD), fiber 
diameter coefficient of variation (CVFD), and the proportion of fiber that are equal or 
more than 30 µm (PR), kemp percentage (KEMP%) and outer coat fiber (OCF) were 
measured. Genomic DNA extraction from sheep blood was performed by the 
applying a modified salting out protocol and genotyping of the Sheep SNPChip 50 K 
SNP Bead from Illumina Inc. The gene set analysis consists basically in three 
different steps: the assignment of SNPs to genes, the assignment of genes to 
functional categories, and finally the association analysis between each functional 
category and the phenotype of interest. Genome wide association study was 
performed with wool traits using GEMMA software. Using the biomaRt2 R package, 
the SNP were assigned to genes if they were within the genomic sequence of the 
gene or within a flanking region of 50 kb up- and downstream of the gene and 
bioinformatics analysis was implemented to identify the biological pathways 
performed in GO, KEEG, DAVID and PANTHER databases. The GO database 
designates biological descriptors to genes based on attributes of their encoded 
products and it is further partitioned into 3 components: biological process, molecular 
function, and cellular component. The KEGG pathway database contains metabolic 
and regulatory pathways, representing the actual knowledge on molecular 
interactions and reaction networks. Finally, a Fisher’s exact test was performed to test 
for overrepresentation of the significant genes for each gene-set. In the next step, a 
bioinformatics analysis was implemented to identify the biological pathways 
performed in GeneCards databases.  
Result and Discussion: The result from genomic control showed weak population 
stratification with for woot traits among Zandi sheep population. We identified 
different sets of candidate genes related to wool traits including: CEP290, PRKCZ, 
TMTC3, RHPN2, TNFSF4, NLGN1, SPHKAP, PLCE1, FAT1 and PIK3R4 in Zandi 
sheep. Some of the found genes, are consistent with some of the previous studies 
related to reproductive traits. According to pathway analysis, 21 pathways from gene 
ontology and biological pathways were associated with the wool traits (P˂0.05).  
Some of the genes were found are consistent with some prior studies and to be 
involved biological pathways related to hair follicle development, keratinocytes 
differentiation, synthesizes an enzyme of threonine kinases, development of 
epidermal and Wnt signaling pathway.  
Conclusion: In total, this study supported previous results from GWAS of wool 
traits, also revealed additional regions in the sheep genome associated with these 
economically important traits. These findings could potentially be useful for genetic 
selection in the breeding programs and can be used to understand the genetic 
mechanism controlling this trait. 
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1. Defense response 
2. Cell adhesion 
3. Cell junction 
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"�) �VW M�����	 !��(MFD �U��t/ ��� �� �( � �/ �C  "� B��5� �OC�

����	 @Z�W "�   
���# � ��� ���Z� S\�� �=  �2 � �F ��� ��150  �/200 x�� �O	 �$�	  
�" �
�2 �=  �2 �� ��

 @��q/ %^ ! � �� M
���&( "� 
��AOC�
�D  !�2��/ �VW ���O#? �, ��$C �$�	 "� 
��AOC� ��   H�,Y�F��  �O	 �$�	


"���� ��( Y�F�� ���Z� �2 B��5� �VW M�����	 .�D !400  .�
��( ��C�b	 H�, ��/H2 M��v  B��5� �VW @c��W %���2

@D���
 <�� H�, ��/ o�� ���O#? �, ��$C �$�	 "� 
��AOC� �� H�,  I�'1�� "� �.O�� �� .�
��( !������� @C�  �
�C 
�	=

 I�AJ��5�V	���	  H�,) B��5� �VW I����X/ Y
�E S	�DCVFD�� (  �V��� �
�,)1( )Roldan et al., 2010 �J��   (

 �
 ! ��	 �VW �� B��5�>�� �/  "�30 ) �O	 �$�	PR.�D ��C�b	 (  

 4V���1( ���� =
��

	
 

�# ��= �� ����� B��5� �VW I����X/ Y
�Ej ���    B��5� �VW ����	 B��b��	 � �	 B��5� �VW M�����	�D��.  

���Z� �B��5� �� �	 @���   RZ# @��� M���/ @.d �2�� kZ#  M�� �� RZ# B��5� ����/   ���D ��./ %�/ �$�	

1000  ������OC� x � �� G��V	 ��5A.S.T.M  
��ZDD2968-83  ����# �VW   ��5 �VW Y�/�/ M
�� .���D x��ZD

2   �D �OU�( 
"���� ��5 �
^ �	 "� >�� ��5 �VW �� @��� �= �� ^ �	 ����# �VW �# �A�5 �60  ��� �J���� ����' 

 ���.� !��� ��	��? y��/�� <�5��= %�[�� "� S�W ������ ��	�� �
"�/ !���� �# H�, B��5� �A�# I�AJ .�
��( g��b	 RZ#


��� S
��/ �U��t/ !�V\ �
"�/.@U�( I��J �2 

  
 J7�K1 .�� �C������	 H�, I�AJ �A�J�/ ��	= ����AC�( !��"  

I�AJ  ����/  M�����	  ����	 B��b��  SW��F  �q#��F ������OC� !�V\ 

(�O	 �$�	) B��5� �VW M�����	  96 85/29 25/3 40/22 04/39 032/0 

(�J��) B��5� �VW I����X/ Y
�E 96 12/43 84/7 0/19 35/68 764/0 

 �VW �# �U��5� @���>�� �
 ! ��	 "� �/30 (�J��) �O	 �$�	 96 04/27 42/10 04/12 10/43 998/0 

�O��C)S,�OC� ���(�O	 96 25/11 92/3 00/6 00/19 035/0 

(�J��) RZ#  96 81/5 16/1 89/1 96/8 015/0 

(�J��) �	  96 37/2 10/2  97/0 33/9  020/0  

 


��� @�A�# "� ����Z�� @.d �
<[/ �� R�/��? M���/ "� SJ�F !�2�
�.�
��� >
��
  � ��O�# �&Oh	 SF��	   �2

 
��AOC� �� @�A�#%�� ��<U� PLINK  �h��)9/1
��� ! � (�D %�[�� 
�D R�/��? M���/ ��5 � !�2 )Purcell et al., 

2007���Z� �&F�	 M�O�h� �� .( "� �OU� @C� "� R�/��? �J�� 
� "� >�� �� �
�2 "� +TC .���D BsF !��� !�2<�5��=

) ���� �&5= ��� ��U S	�'  �MAF) R�/��? M���/ p��   (Call rate ������ �2 !��� (SNP    
�D ��C�b	SNP �
�2

%�� o�Z[	 �� �# !���� �2MAF   Call rate �� Y�/�/ H# �/    �J�� k
 "�90  �2<�5��= !��� SF��	 "� ����� �J��

�D �OD�s( ���#!���2 ����/ "� I�D �� �# 
���Z�W�� !�2������ +TC .��- ��OD�� B��b�� ����
� �� ����'  ����	

 .���D �OD�s( ���# �
�.� <�5��= "� R�/��? M���/ !�V\ "� !��
�H2 M��v SNP ���W �O\��D�� @��W�	 �� �# �
�2

�� .���D �OD�s( ���# !��� !�2<�5��= "� ��OD�� �.�
@ ��� "� �#��O  ����/ @�A�#94 ����/   %�� PQ� 47411 SNP 

���! 5��=��2<! ��_ S�&b/   �
<[/ �
�, �� �	��? S# >
�,��? �'�Z[	 !"�C W���  .�����	  

���	 @��r I��r� ��d  �C��� !��� �
 � "� 
��AOC� �� ���GLM  �� �	����R   �h��)3/1/4 ��5�/ ��C @��r S	��' (

  �5�/ R�/ ��5�/ StU  ��C���Z� ��������	 I��J �� @��r I��r� M
� .���D �C��� ����F H�, ! ��������� ����' 
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S�&b/   �
�[/ �� @��r I��r� .���D �OU�( �L� �� �	��? >
�, !�2H2 M��v  M
� ��>2 3,  %�' �
 ��d  �C��� !���

�
^ ��d  G
�� "� �	��? ��O�# x � "� 
��AOC� �� �O��Zd !���) �O��Zd ��O�# %��/ ��O#�Uλ �� (%�� ��<U� PLINK 

R�/��U y��/�� @.d .�D �C���R�/��? �� �2"� �2 %�� ��<U� GEMMA )Zhou & Stephens, 2012 (�h�� 98/0 

 
��AOC� �V��� �
�,�� K&Oh	 �V\ ��	 �
�, �� 
��AOC����	 ��	 .�D)2( :���  

 4V���2( 
 = �� 
 �� 
 �� 
 �   

  

�# �V��� M
� �� �y j�T�/��U I��2��	 ����� ������ �@��r I��r� �j �� �R�/��? ����!�2  @b/ ������ j��	"=u�  �����

�&, I��r�k��?je � W�� �r� ������
���	 !�2   �U��t/β �W   Z +
�/�	!�2 y��/�� n�� 
��2� .@C�  

  

 
 <"�1 .���Z� Sb	   (^�� �
�t/) ��5�V	���	 !��" ��3� ����AC�( �&(  !�����(M�
�, �
�t/) %�� Rv @ZC "� H�,  

  

�'�Z[	 S�&b/   �
<[/ �
�, �� �	��? >
�, <�5��= :�
��( %�[�� �&F�	 �C �� ��? !�21-  ��$	 M���/SNP !�2

���	�? �� ���� 2- �? y��/��2���	   !��$&Z' I�6�� �� �2�
��Z�D��� !�� 3- ���	 <�5��= �
�, �� �	��? S# >
�, .  
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1-  ��$	 M���/SNP�? �� �2 :�2SNP ���6	 �# �
�2P-value �= H# �2 �/  "�05/0  �O�� "� 
��AOC� �� ���%�� ��<U� !

biomaRt2  K�b	 ��R  �d�	 %��? "� 
��AOC� ��  ) ��AC�(Oar_v4.0�? �� ( ������ �# �
�2SNP �L����	  ��

 �
   �? �= S\��kb50  �
 @C�^��M�
�, @C�  y��/�� �@D�� ���W �? �=) ���D 
���Clancey et al., 2019 �(2 - 

�? y��/���
��Z�D��� !�2���	   !��$&Z' I�6�� �� �2j    �$�5���O	 !�2���	   ��? !��$&Z' I�6�� M���/ @.d

�? �Z�L�/ ���	 !�2
��
�, "� ��� !�2 �/�'1�� S	�DGO )http://www.geneontology.org(/ �KEGG 

)http://www.genome.jp/kegg/ �(Panther )http://www.pantherdb.org   (Reactome 

)http://www.reactome.org@.d ( M���/ I�6�� !��$&Z'   !�2���	 �	 
��AOC� �
��Z�D���  "� M
��� 
 1' .��D

 K\�� 
��
�,DAVID )http://david.abcc.ncifcrf.gov/ !��� (@C� �O.� M��� M
� �� .�
��( 
��AOC� ��? !�2

�? �# @C� M
� �� ��U �&F�	 ��? �'�Z[	 �C "� ��\ !��$&Z' �6�� k
 �� �# �
�2�O�2 �C��D  ���W

�	 ����(� �	  �����/�� ����' �? "� 
 �( k
�(3
  "� �\�� �# �
�2 � ��O�	   ��\ !�2 .����3-  �	��? S# >
�,

���	 <�5��= �
�, ��j y��/�� ���	 !�2�C��2 ��U �
"�/ "� 
��AOC� �� �&q	��5�/ I�AJ �� K�/�	 !��$&Z' !�2���	 ���1 

   
��	=Fisher’s exact test �
<[/ .@U�( ���W ��	"= ���	 ��_!"�C �'�Z[	 ��? �� 
��AOC� "� �O�� %�� !��<U� 

KOBAS )Bu et al., 2021( %�[�� �
��( .!��� @
�.� �� ���A/ �O.� ��$&Z' �? !�2 �� @C� 
�	= "� 
��
�, !�2 

�/�'1��  M
1�=GeneCards (http://www.genecards.org)  UniProtKB (http://www.uniprot.org)  


��AOC� �D. 

  

4- �67�� ��' �'
*� 

) � �d �� �C������	 H�, I�AJ �A�J�/ ��	=1 ( ��C   �5�/ ��C @��r I��r� �C��� .@C� 
�D 
��� ����

���Z� ���Z� ��C   �5�/ ��C �r� �# ��� ���� <�� I�AJ M
� ! � �� !�����  B��5� �VW M�����	 @AJ �C ! � �� !�����

)MDF) B��5� �VW I����X/ Y
�E �(CVFD) S,�OC� ���   (SL���	 (! ��	 �# �U��5� @��� @AJ �� �@C� ���  �


>��  "� �/30 ) ��O�2 �O	 �$�	PR) RZ# @��� @AJ �(KEMP) B��5� �� �	 @��� @AJ   (OCF ��C �r� �.�/ (

���	 �5�/ .��� ���  

 I�$� "� �$
�d�/���	 ���Z� H# ����/ >2 3, M
� !��d� �� .��� %��? zVC �� ��OC��, I�6�6b/ %�[�� @.d �2

� �� ��OC��, !�2<�5��= !��d� "� S�W���	 @��r I��r� MOU�(�L�� �O��Zd ��O�# %��/ ��O#�U �@AJ �2 ! � �� ���

 �� ��OC��, <�5��= G
�� "� ���	^ ��O#�U .�D ��C�b	 ��OC��, !�2<�5��= �� (���	^)PLINK  @AJ >D !���

��5�V	���	  B��5� �VW M�����	 @AJ !��� �# �D ��C�b	056/1 B��5� �VW I����X/ Y
�E @AJ �00/1 @��� @AJ �

 �
 ! ��	 �# �U��5�>�� �/  ��30  ����� �VW �O	 �$�	990/0 S,�OC� ��� @AJ �052/1 RZ# @��� @AJ �089/1   

 H�, B��5� �� �	 @��� @AJ00/1 ��Z2 �# ��� �	 
�2��	 �#��� �� ����� ���
�6/ I�AJ %�Z/ ��D1  "� ����   �����

 ��d  %�'�
^ �����d� !��� �O��Zd !.��� ��OC��, !�2<�5��= ! I1, !�2Q-Q !��� MO.�	   >D @AJ H�, 

��5�V	���	 S$D �� !�2 )2(   )3(  .@C� 
�D �c��� 

                                                                                                                                                            
1. Hypergeometric 
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4 - 1- +� ������4��� ����	 
 ��
�	 �) �"�8 ����� 9:��� �� )(�(��� ��'������ ������� ��'  

����/ 26109 ��' �? "� 27054 �? ��D�F��
�� 
�D �� ��AC�( �� �&�C   !�2������SNP >D�, 
��� �D �# M
� �� 

���	 �? ����/���	 !�2 ��3� �� ����C������	 763 ������ �? ���
 SW��F k
 ������ �� P-value H# �/ "� 05/0 �� 

S\��   �
 �� �
 ^�� M�
�, @C� M
� �? �/ �&J�U kb 50 ���W @U�( .M
� �?�2 ������' �?!�2 ���	��� K�/�	 ��  I�AJ

!��� H�, �
<[/ GSEA-SNP g�hO�� ����/ .���D �'�Z[	!�2 ��? SJ�F "� 
��
�,!�2 
���!� �&Oh	 S	�D 209 

I�6�� �O�2 �C��D )178  �6����
��U  ��O�
"21    �5�&C !�<d� �6��10  (�5�$5�	 ��$&Z' �6���� @C�    �	=14 

���	  �O�
"KEGG �D 
�2��	 .!�2���	 �# >�� �/ "� �C �?   H# �/ "� 300 �? ��OD�� x��<( 
�D���.   

 

  
 <"�2 .I1,  !�2Q-Q .H�, I�AJ !��� ) B��5� �VW ���	MFD ) B��5� �VW M�����	 I����X/ Y
�EFDCV>�� �
 ! ��	 �# �U��5� @��� �(  "� �/

30 ) �VW �O	 �$�	PR) S,�OC� ��� �(SL) RZ# @��� �(KEMP �	 @���   ()OCF( 
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5- <�#  

 �@��r I��r� �� y��/�� �� �� �.���	 e
�O�>2 3, !�2  <�� M���,�� @C�  �����$Z2   g�D��) @C� 
�	=1391 M
� .(

>2 3, ���(  ����
� �v�&� ��AC�( �� H�, �VW ! � �� �� MC �r��C������	 e
�O�   ����� ���W �=  �2 MC �# ��� ����

���	 �r� �� �OD�� H�, �VW ! � �� !���!��� �# �	 ���, >
�<U� <�� H�, �VW MC >
�<U� ��.��#  e
�O� o�Z[	 ��

 M
� "� SJ�F>2 3,  <������ 
��2� �
^ %�' I�����F o�Z[	 �� �O��Zd !�����5�V	���	  M
� ��>2 3,  �� .���

��2 3,  H�, ��5�/ I�AJ ! � �# %�[�� ���v P��
�	 ����AC�( �@C� 
�D�
^ �C���O��Zd !����  
��AOC� ��

I1, !�2Q-Q �
^ |�2!��� !�@C� 
��� x��<( )Wang et al., 2014.(  

I��c<d %�/�O�2 !�2�C��D  �
��Z�D��� !�2���	  KEGG �� 
��Z2 �	�C� �?��
���# !�2 �� � �d )2( �c��� 


�D @C�. ���	   H.	 !�2���	 "� �� K�/�	 ���Y
�E   B��5� �VW M�����	 I����X/ M�����	 �VW B��5� �	 �� �� ���/

 �$
?�5��� !�2���	nonmotile cilium assembly �positive regulation of cell proliferation  protein 

glycosylation  .��Z� 
��D�  

 
 J7�K2 .��_ S�&b/   �
<[/�'�Z[	 !"�C���	 ��? !�2) !���05/0P˂	 (�C������	 H�, I�AJ �� K�/�  

 x"��P - z�bt/  
�D
)FDR(  

�?��d�	 !��
���# !�2  
�? ����/ !�2

��
���# 
�O�2 ���	 %���C��D 

 I�6�� �#   %��
�O�2�C��D 

 
   �O�
" !�2��
��U 

031/0 MEIS1, GGTA2P, EXT1, RXFP2, FRY  9 presynaptic membrane GO: 0042734 

023/0 OLFM4, HS6ST3, RNF43, NEBL 11 negative regulation of insulin receptor 
signaling pathway 

GO: 0046627 

048/0 ZNF280B,UBE2E3, LOC101108519, 
ANKRD50, LOC105602796 

14 positive regulation of canonical Wnt 
signaling pathway 

GO: 0090263 

037/0 EPHA6, NRXN1, CEP290, ALMS1, 
PARP11,FGF23, FGF6 

23 Nonmotile cilium assembly GO: 1905515 

015/0 CAPN14, SPRED2 

WDPCP 
17 Regulation of protein processing GO:0070613 

009/0 FAT1, FAT4, PITPNB 8 Positive regulation of synapse 

assembly 
GO: 0032926 

008/0 EWSR1, GAS2L1 OTUD7A, PIK3R4, PAX9 17 ciliary basal body-plasma membrane 
docking 

GO: 0097711 

019/0 PRKCZ, FAM19A5, TMEM17 

 
14 positive regulation of cell proliferation GO: 0008284 

028/0 FGFR1OP2, KIAA1217, FAM107B 6 Actin polymerization or 

depolymerization 
GO:0097305 

049/0 RSU1, TMEM144, MN1, NLGN1, RSPH14 19 Calcium channel activity GO:0035556 

018/0 LOC105614759, RHPN2, FGF6, KCNA1, 
NFAM1, GTF3A 

22 protein-containing complex assemblies GO: 0031333 

038/0 SUDS3, LOC105607461, RPRD1B, GATB 
 

21 Regulation of acute inflammatory 
response 

GO: 0002673 

004/0 LOC105612231, CNTN1, UBL3, TMTC3 13 protein glycosylation GO: 0006486 

048/0 IREB2, LOC105603166, LRRK1 17 Protein O-linked mannosylation GO: 0035269 

026/0 NLGN1, CNTNAP2 11 Regulation of proteasomal protein 

catabolic processes 
GO: 1901800 

047/0 GRIN2A, GRID2 6 Intracellular signal transduction GO:0035556 

 
   �5�&C !�<d� 

003/0 SAMD8, FKBP8, PLCE1 17 Cell junction GO:0030054 

041/0 SEMA3D, TACC3, CMAS 9 Photoreceptor cell cilium GO: 0097733 

 
    !�2���	KEGG 

002/0 POLN, TNFSF4, CD44, GALNTL5 27 Cytokine-cytokine receptor interaction oas04060 

039/0 CAMTA1, CEP89, FBF1, SPHKAP 24 Glycosaminoglycan biosynthesis - 
heparan sulfate heparin 

oas00534 

1 .�?
�D 
��� ���� ��� �, I��J �� @AJ �� K�/�	 ��
���# !�2.���  
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 !��
���# �?CEP290 �O�2 ���	 �� ��d�	 �C��Dnonmotile cilium assembly  % "�	 �# ! � �� �C ��

 ��F��2/124  �/3/124 M��/ �, 
���#�# �? M
� .���� ���W ��AC�( �� !"����	   �2�	 �O��C �� K�/�	 !�2cilia  ��� ��

�	) �D��GenCards .(cilia ��$�5�U ��C�/   �D� �� !��&# >6�	 !�2) ���� �Lehman et al., 2009.(  ��5�V	 ��

����� �
�C��D B�2 �� �	��? >
�, �? ���.d ��AC�( �&Oh	 !�2��3� �� g�hO�� !�2CEP290  @C� 
�D x��<(

)Fariello et al., 2014 .(H2 M��v  !��
���# �?PRKCZ  ���	 ���O�2 �C��D positive regulation of cell 

proliferation! � �� �  % <	 �#12  ��F�� ��3/54  �/4/54 H
<�= 
���#<O�C �? M
� .���� ���W ��AC�( !"����	 !�2

�	 �2"���# M���c �//M
�C 
�����\ �� K�/�	���	 y��/�� .�D���&$D��v M�� !����? �� ��d�	 !�2 �� K�/�	 !�2

M��/ �,��$�5�U �D� �� !"���# !�2����� �� �= ��O\�C   �	 !�2 ) @C� 
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