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Article Info ABSTRACT
Article type: Background and Objectives: Sheep reproductive traits are among the
most important economic traits that directly determine production costs
and economic benefits of sheep production. Ewes that produce more
lambs per birth can increase the number of lambs and thus enhance
economic efficiency. Therefore, identifying molecular markers that
affect the birth rate in sheep is crucial. Reproductive function is one of
the significant economic features in the sheep breeding industry. Litter
size is the most important production trait among economic traits,
accounting for 70-90% of the industry’s economic value. Due to the high
o economic importance of fertility and reproduction traits in sheep,
ég;g'\fegfség%/zoz , genome-wide association studies (GWAS) have been frequently
Revised: 11/08/2024  Performed as a standard method for mapping QTL, discovering new
Accepted: 11/10/2024  single nucleotide polymorphisms (SNPs), and identifying candidate
genes for economically important traits in animals. In this study, a
GWAS analysis was performed to identify biological pathways and

genes associated with the litter size trait in 12 sheep breeds.

Materials and Methods: In this study, the litter size information of 12
sheep breeds was collected from various sources and articles. Based on
the average litter size, these breeds were categorized into three groups:
breeds with high litter size (2.52) (Finnsheep, Santa Ines, and Black
Headed Mountain), five breeds with medium litter size (1.96) (Barbados
Keywords: Black Belly, Chinese Merino, Sakiz, Scottish Blackface, and Valais
Eitvlleﬁize Blacknose Sheep), and four breeds with low litter size (1.17) (Cyprus
Sheep breeds Gene Fat Tail, Karakas, Moghani, and Red Maasai). The data used in this
Ontology research was genotypes from the 50K SNPChip belonging to the
HapMap project were obtained from the study by Kijas et al. (Kijas et
al., 2012). Genotype quality control (QC) was performed using PLINK
v1.9 software (Purcell et al., 2007). SNPs with a missing genotype rate
of more than 10%, MAF (minor allele frequency) less than 0.02, markers
with a genotype loss rate of more than 2%, individuals with more than
1% missing genotypes, and SNPs that failed the Hardy-Weinberg
Equilibrium (HWE) test at a significance level of 0.005 were excluded
from the analysis. We ranked the genome-wide association studies
(GWAS) for all breeds using Plink software based on their litter size
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percentage from highest to lowest. In the next step, to identify significant
genes and biological pathways, the DAVID server version 6.8 was used.

Results and Discussion: Based on the findings of the present study,
pathways associated with the litter size trait were identified through
candidate genes in the studied breeds. Further studies are necessary to
validate these findings. The results highlight that a genome-wide
association study conducted in these breeds revealed a panel of genes
potentially linked to reproductive traits and litter size of interest.
Specifically, GTF2A1, PHACTR1, KHDRBS3, SCMH1, FOXP1,
ELMO1, KCNN3, BEST3, METTL14, PRDM2 and EFNA5 were
identified as significant candidate genes. These genes may play roles in
regulating the genetic architecture of twinning and litter size. This study
underscores the genes associated with litter size traits and their
involvement in pathways crucial for litter size and ovulation rate. The
findings suggest that these candidate genes could influence the genetic
basis of litter size and fertility. Despite limitations in data volume in the
current study, it provides insights into the genetic mechanisms
underlying birth rate and reproductive traits, potentially informing future
sheep breeding programs.

Conclusion: The current study revealed genes associated with litter size
in sheep and pathways that play an important role in litter size and
ovulation rates. Among these, the genes ATG5, NCKAPIL, CERK,
AGPS, DCK, EPHA7, DOCKS5, FOXN2, SOX6, PIGN, and ONECUT?2
were introduced for the first time as effective genes in litter size in
sheep. The results of this research can be used as a guide for sheep
breeding programs and might lead to improvements in reproductive
traits.
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Table 1- Three categories of sheep based on the average litter size
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Figure 1-Manhattan plots from the GWAS related to the litter size trait in the studied sheep populations.
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Table 3- Genes obtained from GWAS analysis

Gene Symbol Position
05 b Cond g
NEK11 Chr1:259291261-259572772
EPHA7 Chr1:259291261-259572772
TUT4 Chr1:26829499-26965945
RPAP2 Chr1:69551721-69666728
DCAF6 Chr1:120166600-120351438
SCMH1 Chr1:15545463-15761674
SLC9A9 Chr1:245697294-246350207
LOC101108019 Chr1:267501358-267514588
KCNN3 Chr1:104917025-105088052
AGPS Chr2:132581636 -132715209
DOCK5 Chr2:40232384-40508680
CERK Chr3:222805284-222845327
NCKAP1L Chr3:132031554-132075582
FOXN2 Chr3:76086980-76145390
BEST3 Chr3:150056304-150114651
ARHGEF5 Chr4:108776036-108806041
ELMO1 Chr4:61461591-62043012
NRF1 Chr4:95140923-95268235
SLC26A4 Chr4:50189660-50253813
CHSY3 Chr5:21733552-22037277
EFNA5S Chr5:103981768-104274664
METTL14 Chr6:7020165-7059207
DCK Chr6:87048501-87074607
GTF2A1 Chr7:90654782-90694827
ATG5 Chr8:30899311-31078799
KHDRBS3 Chr9:19450106-19611681
PRDM2 Chr12:53071256-53203167
NRP1 Chr13:18967330-19113664
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Genes P- value GO terms
CERK, AGPS, CHSY3, , :
PRDM2, DCK 0,039 0as01100:Metabolic pathways KEGG_PATHWAY
NCKAPLL, ATG5 0,045 G0:0009410~response to GOTERM_BP_DIRECT
xenobiotic stimulus - -
METTL14, ONECUT2,
PRDM2, DCK, 0,015 G0:0005654~nucleoplasm GOTERM_CC_DIRECT
ARHGEFS, NEK11
EPHA7, EFNA5 0,004 GO:0022407-regulation of cell- - repp Bp pIRECT
cell adhesion - -
G0:0031290~retinal ganglion
EPHA7, EFNA5 0,006 cell axon guidance GOTERM_BP_DIRECT
EPHA7, EFNAS 0,004 GO:004549ai"t’i‘\32f;”°repe"e”t GOTERM_MF_DIRECT
EPHA7, EFNAS5 0,057 0as04360:Axon guidance KEGG_PATHWAY
DOCKS5, GTF2A1, PIGN,
TUT4, PHACTRI, 0,022 G0:0005829~cytosol GOTERM_CC_DIRECT
RPAP2, DCAF6
KHDRBS3, SCMHL,
PHACTRL, NRF1, 0,064 GO0:0005634~nucleus GOTERM_CC_DIRECT
FOXN2, FOXP1
G0:0003700~transcription
NRFL, SOX6, FOXNZ, 0,003 factor activity, sequence- GOTERM_MF_DIRECT
FOXP1 & quel
specific DNA binding
KHDRBS3, ELMO1 0,066 6020017}5;‘];%:3 domain GOTERM_MF_DIRECT
G0:0099055~integral
NRP1, GRIK4 0,020 component of postsynaptic GOTERM_CC_DIRECT
membrane
SLC9AY, SLC26A4 0,026 GO:0006885~regulation of pH ~ GOTERM_BP_DIRECT
ATG5, LOC101112639 0,019 GO:0045060-negative thymic T - rppn gp DIRECT
cell selection - =
G0:0010811~positive
SMOC2, NID1 0,045 regulation of cell-substrate GOTERM_BP_DIRECT
adhesion
GRK5, NCKAPI1L, 0,063 GO_:OO43066~negat|ve GOTERM BP DIRECT
ATG5 regulation of apoptotic process - -
ADAMTS12, NID1 0,094 GO:OOOZﬁﬁg;Z’;'"ma”'X GOTERM_BP_DIRECT
LOC101108019, BEST3 0,073 GO:OO?’MOJO}:B:;’;'“ channel - :HTERM_CC_DIRECT
LOC101108019, BEST3 0,064 GO:OOOSZE’;‘&?&'& ide channel &~ TeRM MF_DIRECT
PIGN, USP4, KCNNS, 0,079 G0:0005886~plasma membrane  ~ GOTERM_CC_DIRECT
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