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Extended Abstract

Background: The identification of selection targeted genomic regions is one of the main aims of
biological research. Domestication and selection have significantly changed the behavioral and
phenotypic traits in modern domestic animals. The selection of animals by humans has left
detectable signatures on the genome of modern cattle. The identification of these signals can help
us to improve the genetic characteristics of economically important traits in cattle. The interest in
the detection of genes or genomic regions that are targeted by selection has been growing over
the last decade. Identifying the signatures of selection can provide valuable insights about 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 on positive signatures of selection in Beetal goats using selection
signature and gene ontology methods.

Methods: In this study, data from 631 Beetal goats genotyped using the Caprine 50 K Bead Chip
were used to identify genomic regions under selection associated with important traits in Beetal
goats. Quality control measures were performed in Plink by setting an animal call rate of 0.90,
SNP call rate of 0.95, and SNPs with minor allele frequencies (MAF) lower than 0.05 or that do
not conform to the Hardy—Weinberg expectation (p-value < 0.000001) and unknown positions.
After quality control of the initial data using Plink software (v1.90;
http://pngu.mgh.harvard.edu/purcell/plink), 36,861 SNP markers in 594 animals of cattle were
finally entered for further analysis. To identify the signatures of selection, the statistical method
iHS was used under REHH software packages. Candidate genes were identified by SNPs located
at 1% upper the range of iHS using Plink v1.9 software and the gene list of Illumina in R.
Additionally, the latest published version of Animal Genome Database was used for defining
QTLs associated with economically important traits in identified locations. In addition, the
DAVID database (http://david.abcc.ncifcrf.gov) was used to determine biological routes. At this
stage, it is assumed that genes belonging to a functional class can be considered a group of genes
that have some specific and common characteristics. GeneCards (http://www.genecards.org) and
UniProtKB (http://www.uniprot.org) databases were also used to interpret the function of the
obtained genes. Moreover, gene ontology analysis for identified genes was performed using the
DAVID online database.

Results: After quality control filters, 36,861 SNPs were left while 9761 SNPs were removed due
to Hardy-Weinberg Equilibrium, 1342 SNPs were removed due to unknown positions, 3963 were
removed due to a minor allele threshold, and 1342 were removed due to missing genotypes.
Besides 37 individuals were removed after quality control measures. Using the iHS approach, 10
genomic regions were identified on chromosomes 4, 6, 7, 11 (two regions per chromosome), 13,
14,15, 17, and 18. Some of the genes located in identified regions under selection were associated
with body size (SPP1, SCN9A, and TNPQO2), fat metabolism (SDCBP), skeletal development
(IBSP and MEPE), and energy metabolism (UCP2, TRPC3, and FBP1). Some of the genes under
selection were found to be consistent with some previous studies. Results of the gene ontology
analysis identified two biological pathways, namely skeletal system development and a calcium
channel complex, with two important KEGG pathways, including the glucagon signaling pathway
and the AMPK signaling pathway, which play an important role in glucose metabolism,
homeostasis, and skeletal system development.
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Conclusion: Overall, various genes found within these regions can be considered the candidates
under selection based on function. Most of the genes under selection were found to be consistent
with some previous studies and to be involved in several processes, such as growth, body weight,
metabolic pathways, and domestication-related changes, including system development and
immune systems. Furthermore, a survey on extracted QTLs showed that these QTLs were
involved in some important economic traits in goats, such as feed conversion ratio, subcutaneous
fat, Marbling score, meat tenderness, body weight, average daily gain, conformation traits, the
length of productive life, carcass traits, and composition carcass traits. However, it will be
necessary to carry out more association and functional studies to demonstrate the implication of
these genes and surveys on QTLs related to selected regions. However, will be necessary to carry
out more association and functional studies to demonstrate the implication of genes obtained from
association analyses. Using these findings can accelerate genetic progress in breeding programs
and can be used to understand the genetic mechanism controlling this trait. The results of our
research can be used to understand the genetic mechanism controlling growth traits. Since this
study supported previous results from the genome scan of production traits and revealed
additional regions, using these findings could potentially be useful for genetic selection in goats
for a better body weight.
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Figure 1. Distribution of iHS statistic values in Beetal breed population: the SNP position on different chromosomes
shown on the X-axis, and iHS values are plotted on the Y-axis. The values above the line are in the 99.9 percentile of

autosomal chromosomes.
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Table 1. Genomic regions containing selection signatures related to economic traits, and genes (QTL) reported in these

genomic regions in Beetal goat breed

PR uf;)‘)f «WQTL

. . o . ez ; Lous
41&; tﬁ»ﬁg Y o) ailate & Mﬁ; » _39?0 by s Casbye F’ﬁﬁ%ﬁe:i)f
(PubMe ) QTL re‘?g&ﬁ%%m these enes including in these region enomic region chromosomes
) CHUK, HHIP, PLEKHGS, FZDO,
21831322 Body depth Lo K R T ADCHL, o 65827307-66827427 4
GLI3, NFKB2, IGFIR, CASP9, FGF8 '
EGRL, REEP2, LOC102187480,
22607022 Carcass weight LOC102185830, HSPAS, ETFL, SPPL 37870902-38870902 6
MEPE, IBSP
29459679 Body height TNPO2, HEWE, SOFY, DVLL FZDS, 12738981-13718981 7
RCANL, MICL, TCFLS, CCHCR!, TBPL2, 830081-1854181 1
21831322 Body depth HEPD, MDHZ, 1DH2, OGDH, MTHFR, 37411655-38465754 13
EGR1, SDCBP, CRTC3, CHUK, FZD9,
24116007 Carcass weight WNT8B, PIK3CD, ADCY1, ADCY7, IL3, 24638895-25538895 14
NFKB2, CDC23, POLD2, DVL1
21831322 Rump width NPY, PIK3CD, ADCYZ, FLINI, ADCY?, 53374582-54284582 15
19966163 Body weight CAMKZB, TRPCS, RIMS2, ADCY, 35328366-35878366 17
PCGF6, DVL1, FZD9, WNT8B, PIK3CD,
INHBA, FGF2, TMEM208, FHODL, 36221802-37216802 18

SLC9A5

|, TRPC3 o5 dHS o)l 1 sslitl 1 Lysbl S—luw g
(Guanetal., 2016) x5, 5,155

oy o5l cov ailaie b Limgg ol > 45 FBPL 13
B2 )0 IS A8 )l Slgren Yoz o)led pgjgag S
w3l I Glpiedr g 4l ) 4352 g Olins e
bl e ClandF 5995 & Clind=Fo) j959)8 s
393! 9 559595 §IS welaS S 9IS (gjliwgen 13 (pl 2 ogMe
O dgame el ey 3l cpl j0 el g W)y i alae
claanlp s o5 ol (GeneCards) s o s Lol
Lo Fwgn g 5959, ladd pudplio ) (s
Cosl Blind £\ ol 0S8 py3 FBPL o3 )l i
loalae L byl o5 cp) Lids (UniProtkB Gene)
Weikard ) cool oads (5155 )b cxe (Jliwy 238 ¢ IS]
J(etal., 2012

253590 (0955 3blie 3 01 (Lol (LQTL ()
Woo W0V & ¥ GlapgigessS g5y 2 o5 b ol
dlos sl (o3l o i b lasyo 003 135 <laQTL
Jold iogn Slio g p)5 a8 (g i) ()jy il
0ud 2lolid (o5 () Jgi2) 59: IS 0358 9 b Ges
lodSlos ying Sy g () lapms om Sl

4>l Y o)led pgjoeg)S g9y 5 &5 SDCBP (3
dawsd 9 (55508850 5O Caml 0l &Blg 3 4565 (£5LIK AY/YY
slanlp o a4 )gbay (GeneCards) s)b i cél
P sk A8y cute edal B (Sfglse
o5 P Shas gy gxe bls,l (UniProtkB)
SIS sile 1355 (slagls 15 p.5 45Y i3 b SDCBP
UCP3 5 UCP2 sl ; .(Lee et al., 2013) ool onis
YEIEY 5 YPIVD 4ol )5 cuiiar V0 ojlod pojses)S 59,
A5 mabal )3 (e B &5 wilord &l gjb carle
L sladlas p> (GeneCards) byl  Jsbo <Ylail 5 (Jobeo
slosls oy 0 s sl JSKbns wyp Gua
Qinchuan slagls y5 (4 yteg0 law L UCP3 4 UCP2
L UCP3 4 UCP2 (cluyils (slaj o (6ol sine b))
(Wang et al., 2016) cusl odds (5,135 o 051!
Ko YO/VA anb )3 VY pgjaeq)S (9, » a5 TRPC3 3
e b Bl ) (655 il o)l 48 48 gjleds
5 Pl gEoxed 9 dd pedplie ((Bpae Sl (e
Uingr adllas jo (GeneCards) 3yl ay ) a ypoliyg pui


http://dx.doi.org/10.61186/rap.15.4.83
https://rap.sanru.ac.ir/article-1-1450-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/rap.15.4.83 ]

uj-?d)sf.bd'\“’“oﬁ“’

Q. s 35 slags o (olaidl pre Slao b b po cute bl slaailis olwlis

oy obul) Sl cldlbs ¢y 1) stel Cunsa
€l 2 4 (e sl Slold g Ol G381l Sials
5 p asS s o,Sles 4 baye abl GleMbl Jdoa
wlllas pl 50 edlaiwl 3)50 Curer (D9 So 58 pitren
o 5 o5 gyl ladiged Sl L ed s lallas
5 L dlie Gladss gy pleal @WlBlis Cores L
alogs 3l xre S el gl ozl I eslizl
dagi b .0)S daled Sl 3 Cures ) Wby las gl LK
crl > SleMbl (Bl e g ol 3 52 (90 Coeal 4
9 &P ol glaadly Pl owle b Ao
2 )b SeMbl mlo Sl o 3850 pl 2olS (fgoomo
=95 19 plolid 508 plote o] (alulid co
2yl el oolaidl gpe Glavw 3l gl lp Bul
by Clides ) _0193'@ B9 ol CleMbl 5l pioren
Slllhe 5 (oBiel St 2Lk (op) Sl L

NPV I WA

ool G 4355 3590 DAVID Las y ol 53 J5Slge
leordon 9 () Sloye GiRgR (nl 3 S I8
Sbesl s Ho xe P<e /40 &iliwl b &S a5 KEGG
ool s ldtan 5> (93,Skos aod A Sl Al
skeletal  slaaslys .ad )b sxe THS ool b s
positive regulation of 4 system development
«l)ls iHS 6,1 L glycoprotein biosynthetic process
(7 Jgi2) 6392 adlllan 3)90 Cdio b b5l (o s
Sy 9 18 (o] (Sjglen 2 )Ses 4 a2 L
e Olio b b odd glold wlid sue wie
Sor > Boj cnl deyiee slaia (iagh ol 53 ool
ol @l THS )l pgajl 2l plgice ons
3y90 35 |y b Ay Sl Cute Gl Cod 0gi) dJoL.a
Sl )3 d9rge (IS5 i ooy b Gizmen 15 1,8 0L
Gk il o sy Glas b ko s glelis slusls
el gl e o ailp » il clllas

PHS oLl 1 onlizul b (eobasdl wae liw b bdye (0<0.05) (6,5 sme (55 slbacgome (gjlo b Julo g 4555 =Y Jodo
Table 2. Gene set enrichment analysis significantly (P < 0.05) associated with economic traits using iHS method

yoelD oo o o )3 Dggo (gl 5 dlass P oj)

ID Pathway Pathway name Number of genes in pathway P-value
G0:0044237 cellular metabolic process 18 0.008
G0:0001501 skeletal system development 14 0.004
G0:0034704 calcium channel complex 11 0.024
G0:0044710 sinale-oraanism metabolic process 9 0.002
G0:0016049 cell arowth 7 0.017
G0:1903706 positive requlation of alvcoprotein biosynthetic process 12 0.021
G0:0048009 insulin-like arowth factor receptor sianaling pathway 9 0.006

KEGG PATHWAY
bta00750 Vitamin B6 metabolism 8 0.006
bta04922 Glucaaon sianalina pathway 14 0.004
bta04152 AMPK signaling pathway 19 0.009
33, b GleMbl gie K5 o 3u0 (nl @S ggerme 5 IS S don

w23 Sl 039 Gl L b e ] (lolid cae
i odlizal 5 aiej cnl )3 ity slaesnn sl el
o) (S5 el Sy olwlis o edel Cunday GleMb
Sl 3 ey G (s3baibl phe Cio

Bl o)

25 3505 St L e 5l 5

References

I Cato Bl soailts Llolis (ol adlas oyl 5
5 it > sl dbwlts 5 b eslizal IHS o)L
b S gwyp 3 Bble (pl ) (B 4528 Lol pgi]
Loy sy 39 0ad S 35 S0 (ol sbaply g 52 5
dbL.,o O-’.] P90 sl y) ol ol ol cos Ls.>|93 5
e dzwgd 9 AD) Sl CMas drwg g AD) L
s laii po SIS g jlwged 9 (22 mrd plie ¢ Sloeinl

Abo-Ismail, M. K., Vander Voort, G., Squires, J. J., Swanson, K. C., Mandell, I. B., Liao, X., ... & Miller,
S. P. (2014). Single nucleotide polymorphisms for feed efficiency and performance in crossbred beef

cattle. BMC Genetics, 15, 1-14.

Bouleftour, W., Boudiffa, M., Wade-Gueye, N. M., Bouet, G., Cardelli, M., Laroche, N., ... & Malaval, L.
(2014). Skeletal development of mice lacking bone sialoprotein (BSP)-Impairment of long bone growth
and progressive establishment of high trabecular bone mass. PloS One, 9(5), e95144.

Cendron, F., Perini, F., Mastrangelo, S., Tolone, M., Criscione, A., Bordonaro, S., ... & Cassandro, M.
(2020). Genome-wide SNP analysis reveals the population structure and the conservation status of 23

Italian chicken breeds. Animals, 10(8), 1441.

Chen, L., Wang, X., Cheng, D., Chen, K., Fan, Y., Wu, G., ... & Ren, J. (2019). Population genetic analyses
of seven Chinese indigenous chicken breeds in a context of global breeds. Animal Genetics, 50(1), 82-

86.

Cheruiyot, E. K., Bett, R. C., Amimo, J. O., Zhang, Y., Mrode, R., & Mujibi, F. D. (2018). Signatures of
selection in admixed dairy cattle in Tanzania. Frontiers in Genetics, 9, 607.

Denninger, K. C., Litman, T., Marstrand, T., Moller, K., Svensson, L., Labuda, T., & Andersson, A. (2015).
Kinetics of gene expression and bone remodelling in the clinical phase of collagen-induced

arthritis. Arthritis Research & Therapy, 17, 1-18.


http://dx.doi.org/10.61186/rap.15.4.83
https://rap.sanru.ac.ir/article-1-1450-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/rap.15.4.83 ]

u&.’m )5991 9 Lg.x;.m Oy
) AR WARY W /&M);L: Jo b aladgs sla jings

Fariello, M. 1., Servin, B., Tosser-Klopp, G., Rupp, R., Moreno, C., International Sheep Genomics
Consortium, ... & Boitard, S. (2014). Selection signatures in worldwide sheep populations. PloS
One, 9(8), e103813.

Fay, J. C., & Wu, C. I. (2000). Hitchhiking under positive Darwinian selection. Genetics, 155(3), 1405-
1413.

Fleming, D. S., Weigend, S., Simianer, H., Weigend, A., Rothschild, M., Schmidt, C., ... & Lamont, S. J.
(2017). Genomic comparison of indigenous African and Northern European chickens reveals putative
mechanisms of stress tolerance related to environmental selection pressure. G3: Genes, Genomes,
Genetics, 7(5), 1525-1537.

Goodman, L. D., Cope, H., Nil, Z., Ravenscroft, T. A., Charng, W. L., Lu, S., ... & Tan, Q. K. G. (2021).
TNPO2 variants associate with human developmental delays, neurologic deficits, and dysmorphic
features and alter TNPO2 activity in Drosophila. The American Journal of Human Genetics, 108(9),
1669-1691.

Guan, D., Martinez, A., Luigi-Sierra, M. G., Delgado, J. V., Landi, V., Castello, A., ... & Amills, M. (2021).
Detecting the footprint of selection on the genomes of Murciano-Granadina goats. Animal Genetics,
52(5), 683-693.

Ghoreishifar, S. M., Eriksson, S., Johansson, A. M., Khansefid, M., Moghaddaszadeh-Ahrabi, S., Parna,
N., ... & Javanmard, A. (2020). Signatures of selection reveal candidate genes involved in economic
traits and cold acclimation in five Swedish cattle breeds. Genetics Selection Evolution, 52, 1-15.

Huang C., Zhao Q., Chen Q., Su Y., Ma Y., Ye S. & Zhao, Q. (2024). Runs of Homozygosity Detection
and Selection Signature Analysis for Local Goat Breeds in Yunnan, China. Genes, 15, 31.

Jahuey-Martinez F.J., Parra-Bracamonte G.M., Sifuentes-Rincon A.M. & Moreno-Medina V.R. (2019).

Signatures of selection in Charolais beef cattle identified by genome-wide analysis. Journal of Animal
Breeding and Genetics, 136(5), 378-389.

Malik, A., Lee, E. J., Jan, A. T., Ahmad, S., Cho, K. H., Kim, J., & Choi, I. (2015). Network analysis for
the identification of differentially expressed hub genes using myogenin knock-down muscle satellite
cells. PLoS One, 10(7), e0133597.

Maiorano, A. M., Lourenco, D. L., Tsuruta, S., Ospina, A. M. T., Stafuzza, N. B., Masuda, Y., ... & Silva,
J. A. I. D. V. (2018). Assessing genetic architecture and signatures of selection of dual purpose Gir
cattle populations using genomic information. PLoS One, 13(8), €0200694.

Moaeen-ud-Din, M., Danish Muner, R., & Khan, M. S. (2022). Genome wide association study identifies
novel candidate genes for growth and body conformation traits in goats. Scientific Reports, 12(1), 9891.

Nielsen, R., & Yang, Z. (1998). Likelihood models for detecting positively selected amino acid sites and
applications to the HIV-1 envelope gene. Genetics, 148(3), 929-936.

Nielsen, R., Williamson, S., Kim, Y., Hubisz, M. J., Clark, A. G., & Bustamante, C. (2005). Genomic scans
for selective sweeps using SNP data. Genome Research, 15(11), 1566-1575.

Olsen, H. G., Hayes, B. J., Kent, M. P., Nome, T., Svendsen, M., & Lien, S. (2010). A genome wide
association study for QTL affecting direct and maternal effects of stillbirth and dystocia in
cattle. Animal Genetics, 41(3), 273-280.

Purcell, S., Neale, B., Todd-Brown, K., Thomas, L., Ferreira, M. A., Bender, D., ... & Sham, P. C. (2007).
PLINK: a tool set for whole-genome association and population-based linkage analyses. The American
Journal of Human Genetics, 81(3), 559-575.

Qanbari, S., Pausch, H., Jansen, S., Somel, M., Strom, T. M., Fries, R., ... & Simianer, H. (2014). Classic
selective sweeps revealed by massive sequencing in cattle. PLoS Genetics, 10(2), e1004148.

Rahimmadar, S., Ghaffari, M., Mokhber, M. & Williams, J. L. (2021). Linkage disequilibrium and effective
population size of buffalo populations of Iran, Turkey, Pakistan, and Egypt using a medium density
SNP array. Frontiers in Genetics, 12, 608186.

Saravanan, K.A., Panigrahi, M., Kumar, H., Parida, S., Bhushan, B., Gaur, G.K., Dutt, T., Mishra, B.P. &
Singh, R.K. (2021). Genomic scans for selection signatures revealed candidate genes for adaptation and

production traits in a variety of cattle breeds. Genomics, 113(3), 955-963.

Salehi, A., Nasiri, K., Aminafshar, M., Sayaadnejad, M.B. & Sobhani, R. (2015). The Association of
Bovine Osteopontin (OPN) Gene with Milk Production Traits in Iranian Holstein Bulls. Iranina Journal
of Biotechnology, (1), 43-48.

Silva, D.B.S,, Fonseca, L.F.S., Pinheiro, D.G., Magalhées, A.F.B., Muniz, M.M.M., Ferro, J.A., Baldi, F.,
Chardulo, L.A.L., Schnabel, R.D. & Taylor, J.F. (2020). Spliced Genes in Muscle from Nelore Cattle
and Their Association with Carcass and Meat Quality. Scientific Reports, 10, 14701.

Sun, X., Niu, Q., Jiang, J., Wang, G., Zhou, P., Li, J., Chen, C., Liu, L., Xu, L. & Ren, H. (2023). Identifying
Candidate Genes for Litter Size and Three Morphological Traits in Youzhou Dark Goats Based on
Genome-Wide SNP Markers. Genes, 14, 1183.

Tang, K., Thornton, K.R. & Stoneking, M. (2007). A new approach for using genome scans to detect recent
positive selection in the human genome. PLoS Biology, 5, e171.


http://dx.doi.org/10.61186/rap.15.4.83
https://rap.sanru.ac.ir/article-1-1450-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/rap.15.4.83 ]

u“’” )Syl 9 L;A;:;u Oy
ay Jie )1}3 sl sdlasdl e Olao b b pe coto Sl slaaslis ol

Toro-Ospina, A.M., Herrera Rios, A.C., Bizarria Santos, W., Pimenta Schettini, G. & Vallejo Aristizabal,
V.H. (2022). Genetic Architecture and Signatures of Selection in the Caquetefio Creole (Colombian
Native Cattle). Diversity, 14, 828.

Waineina, R.W., Okeno, T.O., llatsia, E.D. & Ngeno, K. (2022). Selection Signature Analyses Revealed
Genes Associated With Adaptation, Production, and Reproduction in Selected Goat Breeds in Kenya.
Frontiers in Genetics,13, 858923.

Voight, B.F., Kudaravalli, S., Wen X. & Pritchard, J.K. (2006). A map of recent positive selection in the
human genome. PLoS Biology, 4, e72.


http://dx.doi.org/10.61186/rap.15.4.83
https://rap.sanru.ac.ir/article-1-1450-en.html
http://www.tcpdf.org

