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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.

Keywords: Body weight, iHS statistics, Genomic scan, Goat, selective sweeps

How to Cite This Article: Mohammadi, H., & Najafi, A. (2024). Identification of Positive Selection Signatures
Associated with Important Economic Traits in Beetal Goats. Res Anim Prod, 15(4), 83-92.
DOI: 10.61186/ran.15.4.83



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

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/rap.15.4.83 ]

=

Ad VEY /¥ 0yl [amd 3l Jlo ol Slidgi slaings
Bl e glin 5 SinlES pylo w82y
by dllde

Jba 2135 ey 5 (oobatdl pao lio b Lagiyo st o] sloailits bl

Y oo ) : .
7] )D,gl 9 (Sdon0 Ly
(h-mohammadi64@araku.ac.ir : Jgsue sk 83) ¢yl ! « STl e STl o8l cunnj Layzmo g (5)5liS 080l ¢ gold pole 09,5 ¢ )boliwl =)
Ol oSy oyl olRly oyl yoil ud g yaabo g pld pale 09,5 bkl Y

VEXYN by )b VYNNG el o b
AY U AY axin

low b..\:S?
bl obal g gl dal Koo Giled .l i ; Glidos Lol b )Kal) 5l (S wledgy Gl Gus a5 o555 sblie olwlis :Ban g desds
Py ololis LB claalis ol buwe sad pbool sl juue (pl 13 .caul 03,8 slogl i 5550) ol Cllgs (o)k3) ¢ g0l Sluogas )
b 8 S8 llgs ol ) (oolamdl phe Slio (S5 ety g ol 4 Wi o Al fpl ololid & cul asliS aay (gj50l soj pois
Gl sladilies olulis .ol 03gs (il 38 dygy Wlodg el Can &S LIS slay) (sgls &5 og3f ble olulis & bl wd! slaans
byl yipe Syd & yomio 395 digicy oS S ol )3 At b 5 009y Cude Ll Cow aS egif Bblio b g iy 350 10 (sdiadd)l (solEad Slg o
lolid lagdyy Gk 5l Ji A5 lajy ) Cute Bl Covi (0] Bble g I (slagy] (lolid alllas pl ) Ban 3950 i b i)
) ) b o) (lid a9 Sl (b,
S i Caprine 50K BeadChip (sbaal)l luwg oad cuigij cpend Jlin 315 slajy wly YV & bgyyo (igs) OleMbl Limgs ol )3 by g lga
o3l 5 B o aiess cpmnd adgl sloodly (g9 cutsS S Calisee ol po caiss) s (loodly iS5l liabl g Tl b edlatwl Lo sl
oo > b Bl g Lol 09 Ao ) a8 il G s £ gl &S aladiges bt 0ad G} slaosls gl il (gl 5 plos o35
Lol 390 720 31 1268 Wndigas ,d bl Caigi e £ &8 (oo, SoUiS s 505 B> 39y 70 ) oS Ll > T Sl Jolos oS ol Silis am
A8 S LS sl )8 S peilym eyl Jol 3 L g Bdg (i pgjgeg)S 59y 2 & (2l oxileBl LSNP (gl cules ) wad Bl
YEASY L..L@‘, (v1.90; http://pngu.mgh.harvard.edu/purcell/plink) PLINK 158l 5 ;I oolisiol b 04 caigi Cpmund addgl (slaosls cutsS” J S 5 Ly
ishla 0y05 (g0l 5 (55 (Stwsm Jols5 pae e oy 3 Bl (slaailias (lelid (sl 50 sam slaz Ul g pls ol 0RF 5 SNP SiLis
s @8lg IHS (YL 7Y (gojl ;5 a5 WaSNP i odlatl b L5518 (sl .45 pbsl R Hl58le 5 0 REHH (¢)l58lp 5 aty jl eslizul b (IHS) sl L5
Olao b ladye LQTL g9 (cwyp gly copmiomen 508 glolid R baote )5 lueghl <8yd (55 Cand by o PLINK 13315 5 51 oolial b csng
wlolid jglaiads .15 odlizwl Animal genome olb odd yiitie (gabuus op 31 jl ¢ ld gxe odd ololis sblio 5 (oolaidl pao Slaw 4 bysye
DAVID Ly, ol 5l ons gl (glay; (wlid s Julows g 550 gy b ool (it st 36T J) osds plolis (slagy5 (s5gm Jolse
GeneCards :p Ml SleMbl soolSl ) ool Coamdas (slagy; 5,Sloe g pnds (sl omimon 03,5 o3lil (hitp://david.abce.nciferf.gov)
A ool (http://www.uniprot.org) UniProtkB 4 (http://www.genecards.org)
Sl YARY IS jebody i 1) cuiS s cilisee ol e diidlgs S0 YEASY (3uis oyl 5o 4 4154 SNP SoLis OYYYY gg00me il laazily
S paily 63yl ol pae ot 5L AVEY ciged p 53 A0 3l jieS Cuigis s 5 Judoay ;U WY o /00 1 a8 T Slgly3 JBlas Juoay
03 (lolid & pxie iagh ool @l wiad Bls VA 1 S cuigi G (Jlgl Jddar dged YV (ipan 5 alial cusbge b ,S3LE VFY-
bl ond olwlid (gla oy b THS o)lol ge3l (35) YU L YA 5 WY A8 OF OY (dilaio ) V) ¥ & F (clapgignssS 59y so9) diaie
&5 adslio o (IBSP, MEPE) losciul daws 5 43, {SDCBP) Loy medslic (SPPL, TNPO2) oy sjlul b olsail 560
3 oad ()15 GLQTL (yp izdls Sl en (b Oldlas b Obal cos gblia 1 oy ol j 5 -83g basye (TRPC3, UCP2, FBP1)
oot 3 L o el 5 a3 s hpas Shgs Sk b ke GLQTL it lolid Gblio 15 (535 usS3lsiygl 5 sl 3blio
Glucagon  olis KEGG (sk» pus ¢ calcium channel complex o skeletal system development sls s o ololid s (sl pouo
CMise dawgs 9 Ad) 5 355 (gjliwgen ¢ slie oo pudglio qounlS o malal > ere (i AMPK signaling pathway 4 signaling pathway
Szl Sl
B il grlae bl cov lalu sl plyed wilgie 3 Sloe olul  0ad (lulid (2195 )5 & (aske Slagyj «ygo o )3 i St
Slio ( Spio SsTd et o3p by b Lo (Suflsm slhens o i 5 42515 s A8 Slillls b Sl cov holis )3 ags o
Gof 3 (g Jud il pee (o0laiBl Glas pam L LQTL pl a8 ol lis Glsesl cod bl )3 39390 ((LQTL wyy  piorod Lyl (i b
o et Al oo b 0Sles gl Cap e (92 Sdes g (Stwgn law)p @b Jlo ya 0 LS asY Ol 5 g ojg o
Slgicen 3855 cnl @ls ol ()98 (Siwgn Sllas 5 Ll sbailis e Clllls jlord QL ogj gblio L badye QTL yuiy
by oys Bblie lolid g ol ping S Bblie 1B & g b g 3,8 )15 eolitl 5,90 45y lho S 1S (S5, 5 Sl S
D9 gBly dade (o4 (g LRI Byl | (e85 QBT )3 Kl e Gimgh ul (slaaidly Sl ealiad

OV )9 sul&w‘ Lgb Sy ‘Goy) B T3 JdHS D)Lo] L;J“J{ 61503]3

63 Sdas sl sla iy ololid g peis daw ) Ol EVRTYS
(Toro-Ospina et al., 2022) 1] oo jlosas ool Blaal 1 (S Cbal cod ) 3ble olwlis
2l Jlo 2z (b 53 0358 Clisis lis cpl p ogde 2 093l &Sl ey (ol laglges el J5Sdge S

olp (5,8 IS5 Oi JWsds g 2,5 Jal &S cusl oald lis ¥ s sguae bl Gua aub bkl
ol sl sbul cely u-cgwmb ;&AaJO ol 9 ailis U:L»Lw d‘){ ‘_g);wt.o L;Lmdjyoj ‘..\3|4;'é/5
{Cheruiyotetal., 2018) cusl oas 0535 Bblio y> oo

1- Signature of Selection (SOS)


https://orcid.org/0000-0001-7333-2098
https://doaj.org/toc/2676-461X
http://dx.doi.org/10.61186/rap.15.4.83
http://rap.sanru.ac.ir/article-1-1450-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/rap.15.4.83 ]

(_;é?d)sﬁflﬁdmw

A Jb 315 o o ool wpo Slao b Laye cute Sl slaailis lulis

o Nl o & U1 93 SNP j» jI (EHH) sl dnwss
$9) EHH Egoxe Dogud o dwleo Sl (ol b o
EHH lgicas od dmslee SNP aiw jl jsbre sblis
o «oplplo (Qanbari et al., 2014) 34 oo 0as0l 43 ,LSG
Copud 1 &5 A5 (0 Lo Camar ()3 )Mo S lgisar |y
U5))5 (Voight et al., 2006) Luwgs <5 iHHD 4 iHHA
Ll oo Canddy Cuwl 05

San b dg)ls ol (g5 slaglS g9y Lhagh So
b bagye IHS o)le] 1 oslisl b bl cloailis _lolis
dalals 00 (B0 oyl ol .Cuwl odd plovl (63 Sae Claw
S5 IS HY 5 & D F slapgises)S g5 255
TFEC TMEM168 louls (clay Jols blo oyl
by b ki MYOD1 4 PPPIR3A POMC MDFIC
Joel Jahuey-) wsgs gy cél 5 lSwl clas
0,500y il ooliisl b &8 o> imgly 5o (Martinez et al.,
ool 3l ool by el slodilis lolid o osif s
» iy Slio b b o3 Bolie ol can THS
695 (295 (>l ol 00 plorl el (65 S slagls
115 ololid YV g VF AY ) Ve A & 0 lapyiges,S
HERC6 TGS1 XKR4 ABCG2 lusls slay; oS
2305 )3 4oL oyl > NCAPG § CHCHD7 PLAG1
Shed Ol e Mg (o 0jg b )bine ssba
Cheruiyot et al., ) sl bls)l amolohl o (8yas
b balS (o slagls > (o5) Bblie (olulid (2018
89y o9 ddkaio pris &S b ol iHS o)u 51 enlazuwl
5 alad s VY 38 OF ) & F X slapgigeg,S
oS 91 o 31 (Sl 55 1l 5blie oy il oo Sl
FOXD2 CMPKL Jols bl ol 55 35380 sy
L KRTAP9-2 , CSMD3 ULBP ARPP21 RCAN1
5 o oIl g a8y (o 0jg I soLaBl e Clio
(Toro-Ospina et al., 2022) > Sligwen S1)95 03l

b Jbw dls slagy o (gobaidl oo Clas (gl Slocl
2 Sl sdlis syl 4 e Llg o alslS sl fuws
Slg5 oo LAl (pl (2b3) 9 (swyy 45 28k oA gl o
0% 039 2 Fhe I slagj g sble cpl (lulid )
Bl Sl sy Al 53 SRS (938 b 0L Syda
ol ouis ploal Jlp 315 53 (olaidl pro Slao b lagye
5 o) Gble alolid pob lagh I s cplpl
AP g 53 oolaidl pre Clio b oo sl sla
Sbsl eloailis sy ely HS oylel 1 oslizl b iy
n o) 9 3lge

ol FYY Egeome gy SN | ol imggy
43,5 oslitl Jlip sl 4 bgrje Sglings s sbojy
PMAS-Arid Agriculture olKisly buwgs DNA 2l sl
CuisS 9 S I Gliebl 1 g0 045 pll sy
)] 5l oozl | baises wid glyscel DNA (Y
ulp Caprine 50 K SNP Bead Chip Luegh! <S8 i
slodly LBdgs 0l e (U Bl AYYYFY

dguds Camed 1 PN Slold s 4 oo Blg o b5k
bl cov &S placass ol Jlglp S
Gy 2bul clls pl asess il o (Bl s 9 Wlodss
& Q5L65 O?.‘)’.t“- o PP d.bl.m Oil 3 bures O
Olsieds o 5 nor G M G158 3 05 s
Ll Hleda bgpe (S5 glaells )y cate Sl I glailis
.(Chen etal., 2019)

Ol el i o > euel dpgn e S
L oLyl b 2 oo cuely Clowil gud drols> 5o ol )3l S ls
PVl e 5 48)5 )8 cato Gl Bam YL (Sl
0 plo] e (gl sl anals dny us LSt
2 ol s el o555 Jsb > dtadg M S, 55,
oyl slogl 5 a5 be ailis oyl 33,5 oo po} o
o 2lS (55 (Stuge 5 pae ulH (plihle
Qanbari et) M Jlols @i jl Sl 5 (S5 g
& oile bty bl elaailis glgil b caslize (al., 2014
balis ol plolid lp (alske sbabs) 9 bl g
Cjgo Eouas ol 4 aser b aul .cul oud &l
5 9 b QB US ) (al slapls poif (59 2 485
5 ol sbopl 3SesS S5e ojlul b jl 6550 Jelse
bl b duaglio 53 WotisS ol 5YL 55 (S ol pas
s slli gy rcwle dses S oyl
(Rahimmadar et al., 2021) siwa poi§ pdaw ;3 lss]

Jsl il oo wge 05135 dus j sl cloailis Lol
epas D byl Cledbl b balis ol 4]
P> WS (o a8 |y JolSS 2 S50 SlapusilSe 5 oSS
(o5 Slho (S £45 g 0 4B LS (55 (slaolyle 45
5 Sada obesl g gl dal ,Kod Byb 5l g e K]
bl S 90l ol Cllgs )18, 5 6l sl Sy
Ol lawgs o plos] glaloutl ¢ oo (pl 55 Cal 03,5
bar jorel sbael posy o 1) ololis LB slaalis
et 9 Z Mol 4 Llg5 o lailiss oyl (3905 K] 4" arilis
LS SaS ph ol o eoladl ppe Glos (S5
.(Fleming et al., 2019)
2 ) gy lulid o) (ly (i laggaaie
Jold liome s & 3 1) by ol Ol IS Al
Fst wile lacumer 095 3led al » ()bl (slaggel
slayge5l (Fariello et al., 2014) hapFLK 4 FLK
Wile (oighly Jobo 5 (Stwgn S pie p (e )le]
slaysejl (Tang et al., 2007) Rsb 4 iHS XP-EHH
Fayand (sbsggejl asle o I Slol 3 @iy » (oo )le!
slacysejl (Fay & Wu, 2000) Tajima's D 4 Wu's
ZHp (yg0jl wile (S5 g9 S0 il (e (s )bel
» e )bl slayee;l o (Rubin et al., 2010)
Nielsen ) @=Dn/Ds 1o 5 Slas oditd yuuss (slo i
sl 1,8 (et al., 2005

2 e Sl obule Ghg) S THS (bl g0
ke iamsSaipen (a3 olly &5 ol Cishla


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

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/rap.15.4.83 ]

AY

L;‘.’-".U‘)Sﬁélj’d‘\"’mw

dlayl)) & ygods g At plos b YLEHH o YL Jlgl)3 L
Dgas oo dmwloxo ()
(%)
)
2
bl & Jobs (slog)S 2l G sleo oyl > &S
s S50 01,80 dlaws 1y 0,8 & yuasie 0l 0310 Loy (535 e

SFr shle Jobs sladiges JS ol N g 095 2
sl ol

EHH =

() dayl,

ol &8l dxsgs EHH g, ccly 1 5 IHS obef
Cos joi oS QL] I pla JiSw ololid 12 IHS (o)
lolis 1y peis 5 iblio ool itd i Sloditd
G e s ot 0355 S b dunlie > o 45 o
503 blie I ioman bl go (6 VL (Sge Jola5 pas
& Came Sy 4 gl S5k THS (Ll el
oylel ol 5l odel Canndds ol (uail AL o yiwd oanolio
Waineina et al., 2022; Guan ) >4 Jalgs ysolezel 18
S5 4 Bues jy sl 4381 a8l 4 an 5 L et al., 2021
el o3l o sLiay g o 030 (B9 58 pete
Saa b (o) Glugy Clallas (e (B9, THS
il bl glawls Lol

ol ples )3 EHH (oo 5 SIS0l g, cnl 52
sy <140 & EHH &S Sl b 2550 SNP Gl Ll
5 el Il gl odal coanday cla i)l 5 dlxe
EHH () 058 0 dunlio pb b ((o3lan] pu8) odds idie
g 0ad o o b 535 0 W B)b 93 13 0ud (5,5 1S
Sl odd gude L oeolal Pl @ baye a0l & diug
e g o 0dx0l IHHD g THHA (lsis cod iy
g go 3,0kl (¥ alay) ;1 odlizel L HS (cla s,
i (G777) = Bvlin (i)

50,100 ()

iHS = (Y alal,

DS il sSojsenmiHHA Jgeip cul 5
Ghia 4l cuishly (LwsSojgen = IHHD (g2l
lliwl Blyzal =SD (6380 SNP - JSlgl 3 =ps ous
bl e by el =E

bl 590 slaolSsls s 9 IHS o)lel anwls (¢l
o2litl R Lageo )3 (Y/+ aseus) REHH (g))53la 5 iy |
e sl o)l il slaailis i ololud cps A
Job ,Slas b (Creeping Window) CW 9,4, LSNP
Qanbari et al., ) ai (58 WSk ylee sSNP V-
bl ples ol )3 48 pgi5 5l iblie s y> /) o5 4 (2012
5 0392 il 1 Ssea 00yt gkl BAS s g oLl
OUS Iy (gnex pleS (e o pgij 5l ible et
IV calisee llllas jd wiliw] oyl Nas Gl wind o
Huang et ) wo) Y b (Waineina et al., 2022) 1o
Gy 35 pl 3 Cpiored (sl 03 juate (al., 2024
R 4ol ;0 ggplot2 ¢)l3sle 5 a1 yinie 1,8 a5
33,8 oalazwl (F/V/+ asewsd)

VFY /Y oyl [pnd 3l Jlo ool s sla imgy

figshare lasy oL 0 isgh cpl edlatwl 3)s0
» (https://figshare.com/articles/dataset/19668633)

bl ge (g0

Roblp (S il Ghmggy )3 odlatul 39 3l
Shody s iy Slio ) oluSl 58 e
3fes 9 YU b dgi bl ol o) 4 psbody Sl e
5 e yn Sl oglbe ey
3 (Moaeen-ud-Din et al., 2022) cul iatodes
Sleogas J| sl (2355 oydite 39 35 Sy Jiy
slal g cus il GBS 4 e dF ol (it
905 o)Ll S dix b g (o 59y g Sy (g oS
5 05 by bl > Jliw S5 sy (hygn ol adaie
Can b caliseo cpiw )0 Bxiod oyl ) oolaiiwl 3y50 (slapl
.(Moaeen-ud-Din et al., 2022) w54 (Sl

Pl caig) oms gloosly cuas | Gluabl o
0l G} e adgl slmodl (g9) CoteS S il
sloodly ol ild (gl b pll e} dl.a:)’.:ﬂj 5 b
O £ Sl &5 obbdisel Ml w0ld CSgf e
d o 3305 Gl g ololid g A7 51 3208 il s
39 40 31 yieS sl yo W1 Sglyd Jolas S ole ,S5Lis am
23 Gl e £ 4 e )Tt g 305 Bl
Colps 50 Bas Blo g olwlid 39 730 I eS8 ladiges
o 93905, 89y 2 &S oladl osilandly SSNP 41,
A anslds LS sl 8 S ile— ool Jole o L g
Jolye a3 488 s )3 Vo7 i) g psitecy
V1.90; ) PLINK Jl58le 5 5l oslil b sl yilid calises
pbsl  (http://pngu.mgh.harvard.edu/purcell/plink
J(Purcell et al., 2007) .

(32220 oyl o sy sS4 SNP (SOLL AVYYY £gacs ]
) CunsS S dilise Jolye sy ,Silis YSASY
G s s sas S YASY IS oy 431,35,
35S 5] OaeS €5 Jebda JLENTYY /40 ] i
ol ol pac say Sl AVEY g o 4> A/
YV ioeed o 4Bliil Combge b 0L WYY 5 5l
548 Bl VA5l 08 (5935 e SlglS Jedoar aiges
Sl sladilts Jbs,

b bas e bl slaalis ololid lp Giagl ool
A5 olizol THS o)lol I pg55 adaw y3 (3laidl pae claw
Jsb o (Stugn Pl pie p ite oylol Sy IHS o)Ll
iy edg Olsesl cos &S ) pgis 3l bl g Cunl gl
b o 03l by (oighle (osgSojson b sl o
L3 e st |y Camen Sy J51 3 YU Jlsl,3 L EHH
Sloduts ot s &S QL) 51 ol JiSw olelis o 4
Saravanan et al., 2021; Toro-Ospina ) s cusle
J(etal., 2022
iHS U?")T

GLBILD 5 M e gl o bl sl » EHH
Gl 32)b jl o5 ool S, 53 sl .l gzl o


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

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.61186/rap.15.4.83 ]

L;azd):)%lg (Slemo Cyaan>

M Jbi 3135 sl 5 o3basdl e Slao b b po casto sl cboailis ol

DAVID ) Lsy ey aue; ol > 58
s> ldle s ol sl e (Nttps://david.ncifcrf.gov
i J>1).o L Joy).o O.)).L.Mf dl.&)’ﬁo] oli:l) ;gv
Sy sghte 4 ggte a8 ezen 5 (gl
cnl 3 W g aibige (55 dsgecme 4 )3 150 SlapunilSs
S dlize 35,5 oy wyp jshiedr adlas
Goys b 3 odlitel (F/A a5ws) DAVID
'/'QCJQJ»)JOAJSWP u»))luubul).’dsu.wl.\mwm

Wb az8,S a5 5D Wdgy o Gxe

o g gl

Jsb 5 (Siwgy b5 pus p e & THS oL
Sbl Cov (g (Pl (alulid Cap bl oo (shle
Cot o) bl gy cnl 85 )15 ealiul 3)90 Cute
skl slojl y coolisl oIl Ayt 1, ol
2 bl gl JUiSow i ololid cas aad o (asls
SNP & (o3se 55 (585 L > oy posj rdaw
Pt ssbre LSNP (odas (sl b))l (605 0eSlee
iblio 1) - /\@9¢é;&)MSNP\ Job LCW
YL 55 s psbre a0l plas ol 55 oS g5
Db s g olelbd Gbwl el leca wisl
0 Jss)

Bee g 3blie cnl 3 0ad (B by ooy sl
Genes 111 sy SleMbl o SSL 51 gl calybl b lS
BioMart aluwgas Database Ensembl
Sly )8 )8 w2590 (Www.ensembl.org/biomart)
salL ool Canddy gloyi o Slas yiny e
o (http://www.genecards.org) GeneCards u;)/bl e
A5 ol (http://www.uniprot.org) UniProtkB
# po; (Annotation) (¢ Sles puunds 4SSl 4y a5 b
oy Sl S alell wuwl oais oSS e
39290 QTL (lolid 5 (35 45 5 (olrowdpn SlapuslSe
oot St o5 555 5 1) 425 3 S5 |y 52 5 ettt
2 s (0B ()] (G904 (gLl (o9 Bble S
Sl 5 e 3| oolizl b 55 ps55 usSolyl 3bLo
Database  Ensembl Genes 111 u;)bl e
sy y90 (WwWw.ensembl.org/biomart) BioMart aluwgay
i 5,90 (solio LT 4Gl )y (gl Calad 3 .28 .5 1,3
Sy il o booh Jliged odd sllis sWLQTL

QTL Rt Sledbl
B awyp 9,90 (hitp:/fi.animalgenome.org/jbrowse/)
O

oo 3 0ad (plolid b)) &Sl plolid jglaies,

30T ) Baas it 553 (Suigdgm Jolye 42 9 U8
(Zhao et al., 2015) >4 o o3liiwl (GO) (owliss giwd
Gl o &1 Ll glanl3éle 5 GO 3JUT plosl jglated

Jogl0(piHS)

o é
'::f 5

Tﬁ

1 2 3 4 5 6 7 8

10 (5] 22 25

il 9 X seme 59y 32 WSNP (ag5909)S Cusbgo bz Jli ol lem}e Cupme (293 éﬂw »1HS °)b‘ d“q«"})‘ &g ) S8
“\“’Lu“" Lf?)?"?l LSLa’Ps)?Aﬁ)g Sdwo ﬁ‘\/‘\‘\ [ RW-3) uLw W) W‘“"’)” LA .l ol odld umlo.: Y )P (89 ¢ LQ‘al 04 ))IJ)L...:] iHS

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
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Table 2. Gene set enrichment analysis significantly (P < 0.05) associated with economic traits using iHS method
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