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Introduction: Molecular markers that reveal polymorphisms at the DNA level now play a key role in animal
genetics. However, the selection of molecular markers is crucial depending on the purpose, viz. this depends on
different molecular biology techniques and their effects. 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. Type characteristics are important for breed
identification and classification and are also positively correlated with body weight. This study aimed to identify
effective genes and genomic regions under positive selection signatures in different goat 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 research, the information from 728 goats of four different breeds was used to
identify genomic regions associated with type traits. To determine the genotype of the samples, Illumina caprine
Bead Chip 50K was used. The genomic information of goat breeds was extracted from the Figshare database.
Quality control was performed using the Plink software. The markers or individuals were excluded from further
study based on the following criteria: unknown chromosomal or physical location, call rate <0.95, missing
genotype frequency >0.05, minor allele frequency (MAF) <0.05, and a P-value for Hardy-Weinberg
equilibrium test less than 103. After quality control, 36861 SNPs from goat SNP chip 50K from 691
goats remained for further analysis. To identify the signatures of selection, two statistical methods of Fsr and
hapFLK were used under the software packages Fsr and hapFLK, respectively. Candidate genes were
identified using the Plink v1.9 software and the Illumina gene list in R by SNPs located in the highest 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: The Fst and hapFLK statistics were used to identify genomic regions subjected
to positive selection associated with type traits in four goat breeds. Using the Fsr approach, we identified eight
genomic regions on chromosomes 3, 4, 7, 13, 15, 18, 20, and 29. The identified candidate genes associated with
type traits in these genomic regions included TGFBR3, CALCR, ACADS, BCARI, and ADAMTS6. Some of the
genes located in the identified selection regions were directly and indirectly related to cell differentiation and
proliferation, skeletal muscle growth and development, body length, calcium channel regulation, muscle fiber
homeostasis, protein synthesis, and muscle cell size. Some of these genes in the selected regions were consistent
with previous studies. The results of the reported QTLs in the selected regions and the bovine orthologous
regions were QTLs located in the identified regions that were related to average daily gain, body weight, trunk
width, and metabolic body weight. Furthermore, the results of the hapFLK statistics in this research led to the
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identification of five genomic regions on chromosomes 1, 5, 6, 13, and 30, and they were in the 99.9" percentile
of all hapFLK values. The identified candidate genes associated with the type trait in these genomic regions
included  FNDC3B, STAB2, and ~ CCNY. They were found to  have different functions
in fibroblast proliferation and bone cell differentiation.

Conclusions: Various/different genes that emerged in studied regions can be considered candidates for selection
based on their function. By the way, various genes found in these regions can be considered candidates for
selection based on their function. Most of the selected genes were found to be consistent with some previous
studies and to be involved in production traits. A survey of extracted QTLs also found that these QTLs are
involved in some economically important traits in goats, such as average daily gain and body weight in
yearlings. However, further association and functional studies are required to demonstrate the importance of the
genes obtained from association analyses. Leveraging these findings can accelerate genetic progress in breeding
programs and help understand the genetic mechanism that controls these traits.
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Fig. 1. Clustering of animals based on principal component analysis (PCA) using genotyping information from
all animals
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Fig. 2. Distribution of win5 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 1. Genomic regions containing selection signatures related to type trait, and genes (QTL) reported in these
genomic regions using the Fst method

Number of
chromosome

Genomic region

Genes including in these region

QTL reported in
these region

(PubMed ID)

3

13

15

18

20

29

68394768:69397268

82990312:83992812

16916603:17919103

30392785:31395285

3310855:4313355

13556132:14558632

5738614:6741114

109302832:110305332

HFM1, LMO4, CCDC25, CDC7,

TGFBR3, BRDT, EPHX4, BTBDS

GNGI11, TFPI2, CALCR, VPS50,
HEPACAM?2

GRAMD2B, ALDH7A41, PHAX
SPMIP10, U6, LMNB1, MARCHF3
C7HS5orf63, MEGF10, MPP5
YMEILI, MASTL, ACBDS, ABII,
TMEDSY, PDSS1, APBBIIP, CCNY,
CREM, CUL2, PARD3
FCHSD2, ATG16L2, STARDI0,
ARAPI, VPS26B, THYNI, ACADS,
GLBIL3, PDE24
RFWD3, MLKL, FA2H, WDR59,
ZNRF1, LDHD, ZFPI1, COX6C, U6
CTRB2, BCARI, CFDP2,
TMEM1704, CHST6, TMEM231
GABA, RAPL2, ADATI, KARSI,
TERF2IP
ERBIN, NLN, SGTB, TRAPPCI3,
TRIM23, PPWDI, CENPK,
ADAMTS6, CWC27, SFT2D1
NOX4, TYR, GRM5, RMI2

Body weight
(Yearling)

Average daily gain

Body weight gain

Rump width

19966163

23851991

19966163

24341352
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Fig. 3. Distribution of hapFLK statistic values in study population: the SNP position on different chromosomes
shown on the X-axis, and hapFLK values are plotted on the Y-axis
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Table 2. Genomic regions containing selection signatures related to type trait, and genes (QTL) reported in these
genomic regions using the hapFLK method

Number of Genomic region Genes including in these region QTL rep ort'ed m (PubMed ID)

chromosomes these region
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1 94187299:95189699 GHSR, FNDC3B, TMEM212 - -
STAB2, NT5DC3, TTC41, HSP90B1

5 65462179:66464579 veccs, IDG, GLT8D2, HCFC2, - -

NFYB
6 111480429:112482829 PROMI, TAPTI, LDB2 Meti’;l;tb"dy 28521758
YMEILI, MASTL, ACBDS, ABI1,
13 16916603:17919003 TMEDY, PDSS1, APBB1IP, CCNY, Body weight gain 19966163
CREM, CUL2, PARD3
30 109540598:110542998 - - -
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