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Introduction: The principal aim of the sheep industry worldwide is to produce high-quality meat. In addition to
the meat, milk, and wool production are the economic traits in sheep breeding programs. Wool production is one
of the most important economic characteristics of sheep with a complex physiological and biochemical process
that is influenced by genetics, environment, and nutrition. Almost all Iranian sheep breeds are double-coated and
produce carpet wool. Therefore, considering the role of wool on the country's economy, it is necessary to conduct
a study to identify the genetic factors affecting this trait. Identifying the genomic regions under selection is
effective in understanding the processes involved in the evolution of the genome and also in identifying the
genomic regions involved in the emergence of economic traits. Selective signatures in the whole genome can help
us to understand the mechanisms of selection and to identify the genomic regions that have been under natural or
artificial selection for many years. Since Selective signatures are usually associated with major effect genes and
important economic traits, they can provide suitable information sources to improve the performance of selection
programs in the future. The objective of this study was to identify the genomic regions that have been under
selection in skin and wool sheep breeds.

Materials and methods: In the present study, Illumina ovine SNP600K BeadChip genomic arrays of 80 sheep
from six breeds were used, three breeds were bred for their skin (Karakul, SiahKabud, and Gray Shiraz) and three
breeds were bred for their wool (Sanjabi, Kermani and Baluchi). Unbiased methods of Weir and Cockerham’s Fsr
(Theta) and hapFLK were used to detect the selection signatures. Also, to check the genes and QTLs in the selected
regions, the Biomart database, OAR 3.1 version of the sheep genome, was used, and the function of the identified
genes was analyzed through a wide search in different databases such as Genecards and OMIM. Finally, the list
of genes related to the selected regions was reported. For this purpose, the chromosomal position of SNPs with
high numerical values of theta and hapFLK, as well as the 250 kbp region around these markers, were further
investigated. Then, the DAVID database online search was used to investigate the biological and functional
processes of genes and to study the ontology. Finally, Cytoscape software was used to determine gene networks.
Results and discussion: The results of the Theta analysis revealed 26 genomic regions on 1, 2, 6, 19, and 24
chromosomes, and the results of hapFLK revealed seven genomic regions on 6 and 19 chromosomes.
Bioinformatics analysis demonstrated that some of these genomic regions overlapped with known genes related
to pigment traits and characteristics of wool (KIT on chr 6, MITF on chr 19, IGSF10 on chr 1, PDGFRA on chr
6), muscles (MICALL?2 on chr 24), vasodilation and immune response (P2RY on chr 1) and cancer (MIR339 on
chr 24, ELFNI on chr 24, MADIL]1 on chr 24, GPRS87 on chr 1). The investigation of reported QTLs showed that
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these regions are related to QTLs of important economic traits, including traits related to meat, carcass, milk, body
weight, bone density, and the total number of lambs born. Also, the analysis of Gene Ontology and Enriched
pathway terms in regions under positive selection were related to the pathways involved in the differentiation of
melanocytes and pigments, differentiation of stem cells, cellular processes, development of the immune system,
blood system, reproductive and cellular processes. The results of the gene networks with the information obtained
from Theta and hapFLK statistics showed that the genes identified were significantly active in the development
and morphogenesis networks of the embryonic digestive tract, the networks related to pigment and melanocyte
differentiation, and the networks related to Purine and G protein. However, to identify the exact function of the
identified genes and QTLs, it is recommended to carry out more investigations.

Conclusions: The results of the present study and the identified genomic regions can play an important role in
the study of the effect of the selection on population differentiation in two sheep breeds that bred for skin and
sheep production. Subsequently, this would direct us to identify the genomic regions associated with traits that
differentiate these groups. However, these areas need to be confirmed in other independent studies with more
samples. In general, the data of this research can be used in research related to genomic selection, design of mating
systems, and additional reviews and evaluations to improve skin and wool production in sheep.
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Fig. 1. Pictures and places of distribution for skin and wool sheep
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Table 1. Summary of phenotypic characteristics and environmental variables in wool and skin sheep breeds

Breed Sampling Abbreviation n  Phenotypic and environmental variables Group
location Coat Agro- Use
colour ecology
Karakul Sarakhs KAR 15 Coloured  Tropical Skin- Meat skin
SiahKabud Qom SKD 15 Coloured  Tropical Skin- Meat
Gray Shiraz ~ Shiraz GRS 9  Coloured  Tropical Skin- Meat
Sanjabi Kermanshah SAN 14 White Cold Wool- Meat wool
Kermani Kerman KER 15 White Tropical Wool- Meat
Baluchi Kahnooj BAL 12 White Tropical Wool- Meat
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Table 2. Description of the quality control steps in wool and skin sheep breeds

Number of Animals
Number of SNPs

Excluding animals with more than 5% of the lost genotype

Excluding SNPs <1% MAF over all animals
Excluding SNPs <95% Call rate over all animals
Excluding SNPs with unknown location
Remaining SNPs

80 (41 male, 39 female)
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Fig. 2. PCA plot for wool and skin sheep breeds: In the top figure, each breed is shown with one color, and in
the bottom figure, wool and skin sheep are shown with black and red colors, respectively
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Fig. 3. Correlation between Fst and Theta values
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Fig. 4. Distribution of win10 theta values for wool and skin sheep breeds by chromosome: SNP positions in the
genome (bp) are shown on the X-axis for different chromosomes, and windowed Fsr (Theta) are plotted on the

Y-axis
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Table 3. The identified genes and QTLs published under selection in wool and skin sheep breeds for Theta test

results
Chromosome Signal position Gene name QTL
1 234707836- FTL- IGSF10- Meat docosapentaenoic acid content, Bone
234708164 MEDI2L- P2RY12- weight in carcass, Carcass fat percentage,

P2RY13- GPR87-
P2RY14- W5P251

2 172882634 -

6 69885142- PDGFRA- KIT
70058429

19 31589131- MDFIC2-MITF
31646295

24 41189919- GPRI146-MADILI-
41246710 ELFNI- PSMG3-

TMEM184A4- INTSI-
MICALL2- GPERI-
MIR339

Reproductive seasonality, Trichostrongylus
colubriformis FEC, Meat eicosapentaenoic acid
content, Meat polyunsaturated fatty acid content
Meat docosapentaenoic acid content, Milk
protein percentage, Milk fat percentage, milk
lactose yield, Milk Yield, Meat arachidonic acid
content, Meat eicosapentaenoic acid content, Hot
carcass weight, Body weight (slaughter), Meat
linolenic acid content

Fecal egg count, Total lambs born, Body weight
(slaughter)

Milk fat percentage, milk capric acid content,
milk myristic acid content, Milk pentadecylic
acid content, milk palmitic acid content, Milk
cis-10 heptadecenoic acid content, milk
conjugated linoleic acid content, bone density,
Milk Yield, milk lactose yield, Fecal egg count,
Milk protein yield, Milk fat yield
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Table 4. Analysis of gene ontology and enriched pathway terms in regions under positive selection for Theta test

results
GO Term Biological process P-value Genes
GO:0016477 cell migration 0.005 KIT-IGSF10-MITF-
PDGFRA-P2RY12
GO:0030818 negative regulation of cAMP biosynthetic process 0.008 GPRS87-W5P251
GO:0030815 negative regulation of cAMP metabolic process 0.008 GPRS87-W5P251
GO:0007194 negative regulation of adenylate cyclase activity 0.008 GPRS87-W5P251
GO0:0030800 negative regulation of cyclic nucleotide metabolic process 0.009 GPRS87-W5P251
GO:0030803  negative regulation of cyclic nucleotide biosynthetic process 0.009 GPRS87-W5P251
GO0:0031280 negative regulation of cyclase activity 0.009 GPRS87-W5P251
GO:0051674 localization of cell 0.009 KIT-IGSF10-MITF-
PDGFRA-P2RY12
GO0:0048870 cell motility 0.009 KIT-IGSF10-MITF-
PDGFRA-P2RY12
GO0:0051350 negative regulation of lyase activity 0.009 GPR87-W5P251
GO0:0030334 regulation of cell migration 0.01 IGSF10-MITF-
PDGFRA-P2RY12
GO0:0030809 negative regulation of nucleotide biosynthetic process 0.01 GPRS87-W5P251
GO:1900372  negative regulation of purine nucleotide biosynthetic process 0.01 GPRS87-W5P251
GO:0045595 regulation of cell differentiation 0.01 KIT-IGSF10-MITF-
PDGFRA-P2RY12
GO:2000145 regulation of cell motility 0.01 IGSF10-MITF-
PDGFRA-P2RY12
G0:0040011 locomotion 0.01 KIT-IGSF10-MITF-
PDGFRA-P2RY12
GO0:0051270 regulation of cellular component movement 0.01 IGSF10-MITF-
PDGFRA-P2RY12
GO0:0040012 regulation of locomotion 0.01 IGSF10-MITF-
PDGFRA-P2RY12
GO0:0030318 melanocyte differentiation 0.01 KIT-MITF
GO:0030817 regulation of cAMP biosynthetic process 0.01 GPRS87-W5P251
GO0:0030814 regulation of cAMP metabolic process 0.01 GPRS87-W5P251
G0:0045761 regulation of adenylate cyclase activity 0.01 GPRS87-W5P251
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Fig. 5. Gene networks for Theta test results: In this figure, it is shown that the identified genes are significantly
active in which networks and the interactions of the networks with each other are shown
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Fig. 6. Distribution of hapFLK values for wool and skin sheep breeds by chromosome: SNP positions in the
genome (bp) are shown on the X-axis for different chromosomes, and windowed hapFLK are plotted on the Y-

axis
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Table 5. The identified genes and QTLs published under selection in wool and skin sheep breeds for hapFLK

test results

Chromosome Signal position Gene name QTL

6 69897813- KIT-PDGFRA Fecal egg count, Total lambs born, Body
70059320 weight (slaughter)

19 31569754- MIFT -
31666785
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Table 6. Analysis of gene ontology and enriched pathway terms in regions under positive selection for

hapFLK test results
GO Term Biological process P-value Genes
GO0O:0030097 hemopoiesis 0.001 KIT-MITF-PDGFRA
GO0:0048534 hematopoietic or lymphoid organ development 0.001 KIT-MITF-PDGFRA
G0:0002520 immune system development 0.002 KIT-MITF-PDGFRA
GO:0030318 melanocyte differentiation 0.002 KIT-MITF
GO:0050931 pigment cell differentiation 0.004 KIT-MITF
GO:0016477 cell migration 0.004 KIT-MITF-PDGFRA
GO:0042127 regulation of cell proliferation 0.004 KIT-MITF-PDGFRA
GO:0048066 developmental pigmentation 0.005 KIT-MITF
GO:0051674 localization of cell 0.005 KIT-MITF-PDGFRA
GO0:0048870 cell motility 0.005 KIT-MITF-PDGFRA
G0:0022602 ovulation cycle process 0.006 KIT -PDGFRA
GO0:0045595 regulation of cell differentiation 0.006 KIT-MITF-PDGFRA
GO0:0042698 ovulation cycle 0.006 KIT- PDGFRA
GO0:0040011 locomotion 0.007 KIT-MITF-PDGFRA
GO:0008585 female gonad development 0.008 KIT- PDGFRA
GO0:0046545 development of primary female sexual 0.008 KIT- PDGFRA
characteristics
G0:0006928 movement of cell or subcellular component 0.009 KIT-MITF-PDGFRA
GO:0043473 pigmentation 0.009 KIT-MITF
G0O:0046660 female sex differentiation 0.01 KIT- PDGFRA
GO:0008584 male gonad development 0.01 KIT- PDGFRA
GO0:0046546 development of primary male sexual characteristics 0.01 KIT- PDGFRA
GO:0048565 digestive tract development 0.01 KIT- PDGFRA
G0:0002244 hematopoietic progenitor cell differentiation 0.01 KIT- PDGFRA
GO:0055123 digestive system development 0.01 KIT- PDGFRA
GO:0007166 cell surface receptor signaling pathway 0.01 KIT-MITF-PDGFRA
GO0:0046661 male sex differentiation 0.01 KIT- PDGFRA
G0:0050793 regulation of developmental process 0.01 KIT-MITF-PDGFRA
G0:0002376 immune system process 0.01 KIT-MITF-PDGFRA
GO:0031325 positive regulation of cellular metabolic process 0.01 KIT-MITF-PDGFRA
GO0:0010604 positive regulation of macromolecule metabolic 0.01 KIT-MITF-PDGFRA
process
G0:0022607 cellular component assembly 0.01 KIT-MITF-PDGFRA
GO0:0008406 gonad development 0.01 KIT- PDGFRA
GO0:0045137 development of primary sexual characteristics 0.01 KIT- PDGFRA
GO:0048863 stem cell differentiation 0.01 KIT- PDGFRA
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Fig. 7. Gene networks for hapFLK test results: In this figure, it is shown that the identified genes are
significantly active in which networks and the interactions of the networks with each other are shown
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