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Introduction: The principal aim of the dairy sheep industry worldwide is to produce high-quality milk. Mastitis
is an inflammatory disease in dairy animals that occurs in response to infectious factors and has substantial impacts
on animal health, and economic profitability. Somatic cell count has been used as an indirect method to control
mastitis. Genetic resistance to mastitis involves linked biological mechanisms resulting from differences in
mastitis response, which activate and regulate different levels of the immune response. Over the last decade,
interest in identifying genes or genomic regions targeted by selection has grown. Identifying selection signatures
can provide valuable insights into the genes or genomic regions that are or have been under selection pressure,
which in turn leads to a better understanding of genotype-phenotype relationships. This study aimed to identify
effective genes and genomic regions under positive selection in two sheep breeds using selection signature
methods. For this purpose, Fsr and hapFLK analyses were performed using the genome-wide single nucleotide
polymorphisms (SNPs).

Materials and methods: In this study, data from 585 sheep of different breeds were used to identify genomic
regions under selection related to the somatic cell counts in milk. Illumina ovine Bead Chip 50K was used to
determine the genotype of the samples. The genomic information of sheep breeds was extracted from the
Zenodo database. Quality control on genotyped samples was performed using PLINK v1.9. SNPs with a minor
allele frequency (MAF) of less than 0.02 and those with a call rate of less than 0.97 were excluded. In addition,
individuals with more than 10% missing genotype data were removed. SNPs that did not conform to Hardy—
Weinberg equilibrium (P<10) were also eliminated. Following these quality control measures, 41,673 SNPs
from 585 sheep were retained for further analysis. To identify the signatures of selection, two statistical methods
of Fst and hapFLK were used under the software packages Fst and hapFLK, respectively. The candidate genes
were identified using PLINK v1.9 software and the Illumina gene list in R by SNPs located in the 0.01 percentile
of Fsr and hapFLK values. In addition, the latest published version of the animal genome database was used to
define QTLs associated with economically important traits at identified loci. The GeneCards
(http://www.genecards.org) and UniProtKB (http://www.uniprot.org) databases were also used to interpret the
function of the obtained genes.

Results and discussion: Using the Fsr approach, nine genomic regions on chromosomes 2, 5, 7, 10, 11, 13 (two
regions), 17, and 22 were identified. The identified candidate genes associated with somatic cell count in these
genomic regions included /L1 1RA, CDC16, CARD14, BTRC, OTUD4, COL23A41, LACTB, and PRELID3B. Some
of the genes located in the identified selection regions were associated with the immune system, innate immune
response, inflammation response, cancer disease, and milk production. Some of these genes in the selected regions
were consistent with previous studies. The investigation of reported QTLs showed that these regions are related
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to QTLs of important economic traits, including milk somatic cell count, udder height and depth, clinical
mastitis, bovine tuberculosis susceptibility, and heat tolerance. Moreover, the results of hapFLK statistics in this
research led to the identification of six genomic regions on chromosomes 3, 4, 5, 7, 10, and 13. The identified
candidate genes associated with the somatic cell count in these genomic regions included FAM494, CDK6, and
DLGAPS. Bioinformatics analysis demonstrated that some of these genomic regions overlapped with known
genes related to innate immune and various cancers.

Conclusions: Different genes that emerged in the aforementioned regions can be considered candidates for
selection based on their function. It was found that most of the selected genes were consistent with some previous
studies and were involved in production traits. However, further investigation is recommended to determine the
exact function of the identified genes and QTLs. These areas should also be confirmed by other independent
studies using larger samples. In general, the data from this study may be used in research on genomic selection
and genomic regions associated with mastitis in dairy sheep and in further reviews and evaluations for the
improvement of dairy sheep production.
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Table 1. Descriptive statistics of breeds in this study

Breed Sarpple Average milking lengths Average mllk Somatic cell count
size (day) production (cells/mL)
(kg)
Chios 288 189 292.5 263266
Frizarta 299 168 278.4 595116

Dl slaailis 525 (sl SNP (sl il S J 8 ilien oo adls Y Jpor
Table 2. Summary of quality control steps for single nucleotide polymorphism (SNP) markers used for signature

of selection analysis

Item Chios Frizarta
Number of animals 288 299
Excluding animals with call rate<0.90 0 0
Excluding animals that were clustered outside of their population mass in PCA analysis 0 0
Excluding SNPs < 2% minor allele frequency (MAF) over all animals 5905 1678
Excluding SNPs <97% call rate over all animals 1945 1999
Excluding SNPs with deviation from HW equilibrium (P<0.000001) 236 244
Unmapped or located in non-autosomal 2157 2144
Remaining animals 288 299
Remaining SNPs 43998 47451
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Fig. 1. Animals clustered on the basis of principal components analysis (PCA) using genotyping information of

all animals. Green color: Chios; Blue color: Frizarta
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Fig. 2. Distribution of winl0 Fsr statistic values in study population. The SNP position on different
chromosomes shown on the X-axis, and Fsr values are plotted on the Y-axis
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Table 3. Genomic regions containing selection signatures related to somatic cell count trait, and genes (QTL)

reported in these genomic regions using Fsr method

Number of
chromosomes

Genomic region

Genes including in these region

QTL reported in
these region

(PubMed ID)

10

11

13

13

17

22

36461488: 37406488

36492388:37447388

44797111: 45797111

85883815:86873815

51385928:52188928

61377331:62332331

56904112:57917112

12826730:13821730

21907407:22907407

RASEF, CCL21, CCL19, CCL27,
IL11RA, GALT, SIGMARI, ARID3C,
DCTN3, RPP25L, CNTFR, ENHO,
DNAII, FAM2194, MYORG,
NUDT2, KIF24, UBAPI, RPL23,
DCAF12
MXD3, U6, LMAN2, RGS14,
SLC34A41, PFN3, F12, GRK6, PRR7,
DBNI, PDLIM7, DOK3, DDX41,
FAM193B, TMEDY, B4GALT7,
N4BP3, RMND5B, NHP2,
HNRNPAB, PHYKPL, COL23Al,
CLK4
USP3, CA12, APHIB, RABSB,
LACTB, TPM1, TLN2, bta-mir-190a
CUL4A, RASA3, ATP4B, GRK,
TMEM?255B, GAS6, CDC16, UPF3A4,
CHAMPI, LAMPI1, GRTPI,
DCUNID2, TMCO3, TFDP1
RPTOR, ENDOV, NPTX1, RNF213,
SLC26A411, SGSH, CARD14,
EIF4A43, GAA, CCDC40, TBCIDI6,
CBX4, CBX8, CBX2, ENPP7
POFUTI, KIF3B, ASXL1, NOL4L,
COMMD7, DNMT3B, MAPREI,
SUNS, BPIFB2, BPIFB6, BPIFB3,
BPIFB4, BPIFA2C, BPIFA2B
ZNF831, PRELID3B, ATP5FIE,
TUBBI, CTSZ, NELFCD, GNAS,
NPEPLI, STX16, APCDDIL
VAPB, RAB22A, CIMIP1
SMADI, OTUD4, ABCE],
ANAPCI10, ANAPCI10, HHIP
BTRC, POLL, DPCD, FBXW4,
FGF8, NPM3, OGA, KCNIP2,
ARMH3, HPS6, LDBI1, PPRCI,
SNORD?22, NOLCI, ELOVL3, PITX3,
GBF1, NFKB2, PSD, FBXLI 5,
CUEDC2, MFSD13A4, ACTRIA,
SUFU

Milk somatic cell
count

Tick resistance
Udder height and
depth

Clinical mastitis

Teat length

Clinical mastitis

Bovine tuberculosis
susceptibility

Heat tolerance

21831322

28619006

21831322

25151887

21831322

23647142

26960806

28365122
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Fig. 3. Distribution of hapFLK statistic values in study population. The SNP position on different chromosomes

is shown on the X-axis and hapFLK values are plotted on the Y-axis
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Table 4. Genomic regions containing selection signatures related to somatic cell count and genes (QTL) reported

in these genomic regions using hapFLK method

Number of Genomic region Genes including in these region QTL repoﬁed mn (PubMed ID)
chromosomes these region
3 24218842:25235842 MYCN, CYRIA, FAM49A4 Heat tolerance 24362770
MTERF1, AKAPY, CYP51A1,
LRRDI, KRITI, ANKIBI, TMBIM?7,
4 9971314:10986314 GATADI, PEXI, RBM48, FAM133B, - -

CDK6

MXD3, U6, LMAN2, RGS14,
SLC3441, PFN3, F12, GRK6, PRR7,
DBNI, PDLIM7, DOK3, DDX41, Milk somatic cell
5 36492388:37447388 FAMI93B, TMEDY, B4GALT?, 21831322
N4BP3, RMNDSB, NHP2, count
HNRNPAB, PHYKPL, COL23Al,
CLK4
FERMT?, DDHDI, DUOXI,
DUOXAI, DUOXA2, DUOX2,

7 63396753:64545753 SORD, DLGAPS - -
Bovine respiratory
10 2190772:3194772 DIAPH3, U6 disease 27077383
susceptibility
ZNF831, PRELID3B, ATP5FIE,
. TUBBI, CTSZ, NELFCD, GNAS, - ..
13 56904112:57917112 NPEPLI, STX16, APCDDIL Clinical mastitis 23647142
VAPB, RAB224, CIMIPI
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