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The selection of novel mutations beneficial only in some subpopulations leads to the
retention of signatures across the genome. This study aimed to identify genomic
regions, candidate genes, and biological pathways associated with fat deposition in
some Asian and African sheep breeds based on selection signatures method and gene
set enrichment analysis. A total of 49,034 SNP markers data obtained from 404 animal
samples, including 13 fat-tailed and 7 thin-tailed sheep breeds with relatively similar
tail and fat-tail dimensions distributed across different regions of Asia and Africa, were
used. Principal component analysis (PCA) was utilized for assessing the clustering of
animals into their true population, and Fst (Theta) statistics was employed for
detecting of positive selection signatures. Subsequently, genes reported in the selected
regions were identified, and gene set enrichment analysis was performed to identify
biological pathways (and candidate genes) associated with fat deposition. PCA
analysis showed that all animals clustered into their respective breed groups, and thin
and fat tailed sheep breeds could be separated based on different components. In this
study, 19 genomic regions were identified to be under selection between thin and fat
tailed sheep breeds. Investigation of reported genes in these regions led to the
identification of several biological pathways (and candidate genes) directly or
indirectly associated with tail morphology (NDUFB, ANO4, ASXL2, ABHD2, and
NID2), fat-tail size (ACADL), skeletal or body size (PDGFD, ACAN, HOXC, HOXB,
BMP2, and BMP4), immune response (ATG5, IL4, IL5, and IL13), and melanocyte
regulation (KITLG). Overall, the findings of this study could play an important role for
identifying the genomic regions associated with distinctive phenotypic traits of these
breeds, especially fat deposition traits in tails, immunity, and adaptability, which could
be of great economic importance in the future considering the observable climatic
changes in recent years in various countries.
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Extended Abstract
Introduction and Objective

Both natural and artificial selection are among the main driving forces shaping genetic variation across the
genome of livestock species. Selection typically leaves signatures in the genome, which are often characterized
by high genetic differentiation across breeds and/or a strong reduction in genetic diversity in regions associated
with traits under intense selection pressure. Such selections are likely to have imposed distinctive selection
signatures on the sheep genome. Therefore, detecting selection signatures across the genome may help
elucidate mechanisms of selection and pinpoint candidate genes of interest for further investigation. This study
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aimed to identify genomic regions, candidate genes, and biological pathways associated with fat deposition in
some Asian and African sheep breeds based on selection signatures method and gene set enrichment analysis.

Materials and Methods

A total of 49,034 SNP markers data obtained from 404 animal samples, including 13 fat-tailed and 7 thin-
tailed sheep breeds with relatively similar tail and fat-tail dimensions distributed across different regions of
Asia and Africa, were used. Quality control of genotypes was performed based on the minor allele frequency
(MAF <0.02), missing genotype (MIND > 10%), and genotyping rate (GENO > 0.05), using PLINK software.
Principal component analysis (PCA) was utilized for assessing the clustering of animals into their true
population, and Fsr (Theta) statistics was employed for detecting positive selection signatures. Subsequently,
genes reported in the selected regions were identified with the Genome Data Viewer database, and gene set
enrichment analysis was performed to identify biological pathways (and candidate genes) associated with fat
deposition.
Results

After quality control, 44913 markers and 400 animals (281 fat-tailed and 119 thin-tailed sheep breeds) were
remained for the further analysis. PCA analysis showed that all animals clustered into their respective breed
groups, and thin and fat tailed sheep breeds could be separated based on different components. In this study,
19 genomic regions were identified to be under selection between thin and fat tailed sheep breeds. Genes
associated with selected markers were subsequently identified. Investigation of reported genes in these regions
led to the identification of several biological pathways (and candidate genes) directly or indirectly associated
with tail morphology (NDUFB, ANO4, ASXL2, ABHD2, and NID2), fat-tail size (ACADL), skeletal or body
size (PDGFD, ACAN, HOXC, HOXB, BMP2, and BMP4), immune response (ATG5, IL4, IL5, and 1L13), and
melanocyte regulation (KITLG).

Conclusion

The results of the present study and identified genomic regions suggest that the selection during the
evolution and adaptation to the different environments and geographical conditions led to population
differentiation in Asian and African breeds. Overall, the findings of this study could play an important role for
identifying the genomic regions associated with distinctive phenotypic traits of these breeds, especially fat
deposition traits in tails, immunity, and adaptability, which could be of great economic importance in the future
considering the observable climatic changes in recent years in various countries.
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Different steps of quality control All samples
Number of animals 404 (281 Fat tail + 123 Thin tail)
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The number of remaining samples 400 (281 Fat tail + 119 Thin tail)
Number of markers before quality control 49034
Remove of markers with <95% call rate 2601
Remove of markers with MAF < 0.02 in all samples 298
Remove of markers located on sex chromosomes 1222
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Number of markers after quality control 44913
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Term Count P-Value Genes

Biological process

G0:0009952~anterior/posterior pattern 32 1.10E-11 BMP2, HOXB, HOXC, AURKA, BMP4, BMPR2,

specification EPB41L5, FZD5, WNT1, ALX1

G0:0001501~skeletal system development 51 9.00E-11 GLI2, IHH, ACAN, BMP2, BMP1, DMPR2

G0:0002520~immune system development 54 5.70E-04 ATGS, IL4, LYN, ACTIN1, AURKA, FZD7, DMTN

G0:0033993~response to lipid 29 2.20E-02 AXL, BAD, LYN, ABHD2, BMP4, CPS1,
FAM210B

G0:0055088~lipid homeostasis 12 6.90E-03 ABCA12, LIMAL, NFE2L1, SOAT2, SAR1B,
TGFB1

G0:0043549~regulation of kinase activity 35 1.00E-03 BMP2, BMP4, ALX1, NAD, CDK5RAP3, IGF1,

MAP3K5, PIP4K2B

Cellular component

G0:0044424~intracellular part 597 5.60E-13 DNPHZ1, ATIC, ASXL2, ACADL, CLK1, HSP40,
EHD1

G0:0044464~cell part 672 6.90E-11 NID2, ACADL, ANO4, DNPH1, AKT2, GLS,
DIP2B

G0:0016942~insulin-like growth factor 3 1.20E-02 IGF1, IGFBPS5, IGFBP6

binding protein complex

Molecular Function

G0:0005515~protein binding 294 4.10E-09 PDGFD, ERBB2, EPB41L1, FN1, FZD5,
MAP4K?2
G0:0008083~growth factor activity 15 9.60E-04 KITLG, AMH, PDGFD, BMP2, BMP4, IL4, IL5,

VEGFA, VEGFB

Kyoto Encyclopedia of Genes and Genomes

0as05200:Pathways in cancer 48 7.00E-06 AKT2, BAD, STAT4, TCF7, VEGFA
0as04010:MAPK signaling pathway 29 8.60E-05 CRK, MKNK2, DUSP6, ERBB2, FGF17
0as05217:Basal cell carcinoma 11 2.90E-04 GLI2, WNT1, BMP2, BMP4, FZD5
0as04934:Cushing syndrome 17 9.00E-04 WNT6, ADCY6, SP1, GNA11
0as04916:Melanogenesis 13 1.30E-03 KITLG, WNT6, CREBI
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4. Glular Component
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