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Abstract
Objective

Over the last decade, interest in detection of genes or genomic regions that are targeted by
selection has been growing. Identifying 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. The aim of this study was to
identify genomic region with a positive signature of selection related to wool quality in sheep
breeds using selection signature FST and hapFLK methods.

Materials and methods

In this study, data from 146 Zandi and Merino animals genotyped using 50 K BeadChip were
used to identify genomic regions under selection associated with wool quality traits. After quality
control of the initial data using plink software, 46,793 SNP markers in 144 animals of sheep were
finally entered for further analysis. To identify the signatures of selection, two statistical methods
of Fst and hapFLK were used under Fsr and hapFLK software packages, respectively. Candidate
genes were identified by SNPs located at 0.1% upper range of Fst and hapFLK values. GeneCards
and UniProtKB databases were also used to interpret the function of the obtained genes.
Results

Using Fst approach, we identified eight genomic regions on chromosomes 1 (two region), 1, 3
(two region), 10, 13, and 19 chromosomes, which were in the 99.9 percentile of all Fsr values.

The identified candidate genes associated with wool trait in these genomic regions included
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POULF1, FGF12, GNAS, LHX2, TMTC3, NBEA, MITF. Genes located in identified regions
under selection were associated with the crimp of wool, growth and development of skin, fiber
diameter, hair follicle development, growth and development of fiber, stimulation of collagen,
regulation of epithelial cell and skin pigments, which can be directly and indirectly related to the
trait of the wool quality. Also, the results of hapFLK statistics in this research led to the
identification of four genomic regions on chromosomes 7, 10, 14, and 19. The identified candidate
genes associated with the wool trait in these genomic regions included DUOX1, RHPN2 and
LOC106991379. It was determined that they had different functions in collagen differentiation

and gene expression of keratinocytes.

Conclusions

Various genes that were founded within these regions can be considered as candidates for
selection based on function. However, it will be necessary to carry out more association and
functional studies to demonstrate the implication of genes obtained from association analyses.
The results of our research can be used to understand the genetic mechanism controlling wool
traits and using these findings could potentially be useful for genetic selection in sheep for better
clean fleece yield and mean fiber diameters.

Keywords: hapFLK statistics, Fsr statistics, crimp, candidate gene, fiber diameter
Paper Type: Research Paper.
Citation: Mohammadi H, Khaltabadi Farahani AM (2024) Identification of genomic regions

related to wool quality traits in coarse and fine wool sheep breeds based on selection

signature. Agricultural Biotechnology Journal 16 (3), 133-154.

Agricultural Biotechnology Journal 16 (3), 133-154. DOI: 10.22103/jab.2024.23446.1569

Received: July 28, 2024. Received in revised form: September 19, 2024.

Accepted: September 20, 2024. Published online: September 30, 2024.
Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

ARR

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



:, & S29bS (5598 i gu Aloxo @. @
:/u/tv.’}',’,),:\./{l dl,/'/fwsih
i " TYYA—50e 1Sy 2SI UL TYYA-5Y+8 silo L i

iy )b g i by S5 ftiungS 53 ey (GBS Slio b S o 0955 $blio oLl
Sl ailis ool asly
oo
H- saoblly ol STy ST olSils ccam) Lo 5 (yslisS oaSily (ols pole 09,5 okl 3 Jstume oy
mohammadi64@araku.ac.ir
S8 LIS s pro
a-farahani@araku.ac.ir:asbLl, .\l p) «ST)) STy ol8isls ¢ mubs @wlio g (6559liS 0aSiily ¢ ols pole 05,5 ,Luiily

VY B t iy gl VEY BVl o0l g ol BB il b VY /oY sl fu )l

a5

siiassS 25l Jal clo pls 53 Mol (gl aoly Bl G 45 ogis 3blio lolis 4 ey 3] clodmy b :da
Cot &S egif 3blie 3)ge 40 (gdiodyl (slrolEuyd Wlg o bl glaali olawlid .cowl odgy ]38l 4 g Llodg
bl adlas ol jl Ban 298 0 (uigid b cuig] bLS) yieg S0 4 joxie 35 4195 & 4 S ol 9 At Cate U5
b3y Lol lagdy) 32)b 5l wdagS )3 eudy (S Clio b b e Cute QB ot 00gif 3ble 9 (sl sl
5l e hAPFLK o Fst Jols lses!

4 bgpe sislings Lalyy Jils L plaziwgS (], V18 43 bgspe iy Cledbl Gimgi cnl 53 (B9 9 3190
eSS 3] e s o3liiol Loaghl &8 35 BOK (slacyl,T Lassgs 0.5 adgi§ (sl oo 9 (655 sool (o MidansS
6y 805 edm b3lUT 5l pls ly VEF 5 SNP ,S5Lis FEVAY Lyles PLINK dolyy 5 0l (oigi) e adsl (sloosly
hapFLK 29 5 R 4l 55 (msgh 357 (18) Fst )l 52,50 o)l oygejl 93 51 olotl cowi sagis (g9 olowlins
YL o)) doys /) ojly 3 &S SN 5l sl b LylS gl sy s odlisiaol V¥ aes hAFLK 3l 5 aliaosy
Sl laolSol 5l sal cowd 4 (slay 5,Slos yigo yands (¢l wiomen 505 olwlid wdg oab gBly o905l 93 ]
A5 o3kl UNiProtKB ¢ GeneCards ., Ml

93) VY failate 53) V slopgjpesS 55y o9i) athain cul (lulid 4 e iR ol 3 W o)lel Sl oo gl sl


https://orcid.org/0000-0001-7333-2098
https://orcid.org/0000-0001-5805-590X

BN,

(VEF 5y F 0)lowd 3 0,93) (55,9WiS (559935 gt oo

s,

U1 5 MITF 3 NBEA TMTC3 LHX2 . GNAS FGF12 POULIFL (slayy; ol oy blio cpl ,d oai
gy dmgi 9 AD) 9o (S J5Sg8 dnwgi 9 AS) p 5o slay) L osd (plulid (oog3] bl a5 ol (L (Siile )il
2 NAPFLK el 1 ol g5 eizpams )l iliggon (53 S0 5 oy (sl Sk sl Jobor 55 caen
oad (2lolid (Slal lags 0,538 5 VW OV (slapgisesyS (55 (so9) adate Yo (plolid & oxie ik ()
5N polod g acamwgislyS o5 olo > (Jolite (slad,Slas a5 w539 LOC106991379 3 RHPN2 DUOXL Jolis
Al

Gl cov Galuals lyisay wlg oo 5 Slas ulily oud olslids (ogi Bblie ) 00l ()15 (sl 35 5 Al
35 ol @l sl (6998 (oSS Slalllae Gyl 3l ol sty o] i (myr JB o 4 AL gokao St
5 GV Lo oAbt widy o yiol33l G b oty b Laspe (S g o Sliuo 00 S S5 S g 5l Sy 3 Wl e
25 )8 ookl 350 (] Sy g g U b (4 Siko Sl

B s day sS85 e aPFLK og05] Fst o)lo] :0 519048

(singi e £

Mt sS 53 iy oS Do b Laye ogsj 3blie (plulid (VFoF) s yusl Slald (olIels oy (s3ameo 1 Linw]
(YN «sipplitS” (iolpiiny dlo (55,3138 (559l5iSSgm Ao OBl saailis (slaoylal aly cioybs o @i ity S35
AYY-VOF

Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar  University of Kerman-Iranian
Biotechnology Society.

© the authors

Aoddo

Bblie 3 lasl Cumea I (a9 BB (50 Culume ) (cotr (B (o2 AP b 95 0oy 4 (So g JBAS ot

Hajalizadeh et al. 2019; Shahsavari et al. 2023; Jafari ) 1us” o i) golal- clos! gl ais | gy ,S
o 33505 d9a Sl (Su byt 9 2975 0 WS b oS 5 sla obesT, ¢l uls (Ahmadabadi et al., 2023;
[Barazandeh et al. 2016; Mohammadabadi and Tohidinejad 2017) swa 3,65 5 (glodisS s o] ]
oo g g Shiandyi 3,Skas 5 (590000 I L IS b & MhosS Wy ool (Suielge 5 csolasil S

&3 Mol sladaly ,> (Mohammadi et al. 2022; Mohammadabadi et al. 2023; Shokri et al. 2023)

'Y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

oyt g S S Bl atnd Jobo B Jlad 5:Sko oy (g Wile Slio o] S gy 15 dgute S LlduosS
alox 5l Slao plo & Cons waiy Slao ) i ¢, .(Zhao et al. 2021) wiws Ol clbcSMe o yioge gl g4
5 editud YU g lawgie gy Cilyg (glyd puis S 5 (oS Clusgad b lagye clas 81wl asly a8 ce o LS,
b o Slas cpl o lalesMe LB s sald e o S 58 Cbasl e (o0l5 eMsl sladsly )3 (51 4500
9y Gy Al SS9 CaneS b badye Slas gl (0315 ol slaesls (Wang et al. 2014) 5¢ oui] (cla fus
sl Bl oS pskay ecanl 0l plomil Uyl )9:287 ) (pogia po S5 (libnsS wdy Bl Jlab 5 Todd dtnd wly ()5 oo 9
ab p Slho s g ol Jg (Taylor et al. 2017) 54 00 yi0g,Sue YAY a3 VAV 015 oyl iy B Jad zalS
g 039 St Lol (615031051 b U plSoin] wisle s Sliwo (65051 led ST, (S5 b piin ol jae (a9 (slnodl
(stie g o b BUI Jlad (Sl g orddiad wdy (g O bawgie § (e (S0] (Stamed 03 Bl jlcl dijmn b
RaMOS ) sl ods (i35 =+ /¥Y 5 =+ /YA L ply s 4 (poe Job 53 0sd Wgie 0,0 IS 345 g 0 (6305 5 5l 00 2lis)
o8l o (G > (2 (335) 28 Slio b Sl ) o o8 5 (slke (S5 (Siamad iy (e 8l 2023
sy adlas & bled b cunl 00l Cogo Jolge opl 4o p> (Dominik and Swan 2018) coul oas (5)155 —+/+A 4
Gesb ol 315 055 Lay G ity lis sl e i > (QTLE) (oS lio 0038 J38 pogi3 (sloplSe 5 lils
elolis 4 bl 3] slaans (b 5> )b i (Ren et al. 2016) aules 1y d9uts (g5 pds (S Slho g pud W5
Slgs oo sl claailis olwlis .cul o3y iolidl 4 gy At (Sl sladol o Gl Gun &S o555 (g5 g a5
A e g digi 4 4SS waly8 Wik b g odgy Gl Jlid cod a8 egif Bblie b g a5 0yee 50 (gliedd )l solBuyd
03 ol 4y s o] Jobo 31,31 (Sl GR1E col e Giar Sy iy 2550 Gaisd g i) b e S
Sl Al (g e Syl dx Jus Sl )0 cdiid (g by (Swnld (gl a8 (00148 50 o el L] g dxels
@ by 55 ool 5 cute bl 1 clalis laie 4 WG o 5 cames oo T Slols 5 YL LM.; ol oyl by
I Slgld (ol 53] s 0 e Sl &5 olKin 05 o)le & (Asadollahpour Nanaei et al. 2022) 1 jles
cos wogliae JTL ()39 dtogy e & 13k 35 (15 8 (bl ST elSole cpl & 25 slaolSols 9500 g sllae
i ol Sl slaolSyls 53 (LD) T Sty Jobs pie 5 (S5 £95 5550 oy ¢l 4oms 53 o8 3,5 o 5 5
ba GRIILD 5 (2ol (Sf g5 (e msdiee S35 (o9) 4ol nl 4 2 4k 4 0,5 Ml i b

.(Rostamzadeh Mahdabi et al. 2021) 54, o 455 *Cbesl b, b Fobal glaaslis Sl ol 4 .08
35 ) PoUIRY =

IClean fleece weight

2Quantitative trait loci

8 Linkage disequilibrium
4 Selection Signatures

5 Selection footprints

AR

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5y F 0)lowd 3 0,93) (55,9WiS (559935 gt oo

s,

jrel g Olidios ¥+ Jlo > Sheep HapMap ofg, CJB )5 siawss 5 SNP asly oyl (shb 5l ey

(35 allas o) el 01 plol NdssS 3 oy Slho b i yo SIS (slag) 5 oy Bolie olulis han b il
YWHAZ (slogj g plonl gjeel Cadse jsbo 4 (oS Slio p jhe cluils slagy) alolid b gogiaye olathssS
9 EPHAS TPTE2 TCF9 DDX47 .GPRC5A PTPN3 KIF16B PIK3R4 .TSPEAR KRTCAPS .
Bl glaalis Sleld Gua b o) g adles > (Wang et al. 2014) sus 5,155 lusls ylee 4 NBEA
gy KhuosS 5 b duglie 3wt oy A lsie 4 i LIANGSNAN S5 (liiugS ) vy sadg Clao b Ly
015 ALOX5 4 BVES TCF25 HOXA7 MAPK7 ARF2BP2 (cla); sloliss & yie ey s iy olsis 41 sien
ol sk oty b it 53 bl slaailis ololid Gan by Legij (sasdllas 55 uizmen (SUN €t al. 2024) ol
5 Small tailed Han Hu LOp Joli puses puis 315 laiiwsS b awslio 5 Sldl Gogipe o oWl g ye (cladlss
9 PTGS2 SMAD2 .OPHN1 NFIB SEMA3C PIK3CA LGR4 (clusls slayj el s plsl Ujimgin
buwgie sl 5l (S (605 1aweS (Zhang et al. 2023) ol oas slolis BUI 48 ¢ o5 Slaw b bas,e THADA
Coglio bl oo (JB wuiy b mases widy €55 51315 opl 53 (505 mdy S Al o g5 laus Jlai 5l )eiS lias 5 ()55
ind @lye g (Sl St byl pd (bl )3 1Sl d2)> Fo b bt )3 31Kl 423 =Y+ Sl) Loy g Loy ol >
S8 Sle g 980 waiy 159 [(Ghafouri Kesbi et al. 2008) cuul as g5 Lls Jlaww LidwgS cpl 33 Sy g J)b slgn g
Owizen (Mohammadi et al. 2018) cool o (535 YAUAMEY/Y 5 YAYE/¥0 s & (655 05 lliawsS > LI
NP 0S5 35 ol ol (2550 St 3 4Bl 55l g Wiyl j9287 55 ()95 I8 0I5 S ogia yo 315 laidnsS
SMiss > GBI s . Sike (Megdiche et al. 2019) wsl o 1y9,See Y0 j1 5208 BUI b b puty g5 Gilual |y el
Cal 005 5,5 2,5 oLS FINNVE /YD oaddinnd medy (yjg (nSiles 5 yiog Sewe VAIVEE /DY b s Ul ul Lalls ogt e
biye (55 glasgorme iloid Wbo 5 225 5 (o5) IS Glag Sl Gieg el jl Saa (Theron et al. 2024)

Dg bl gbalis lelis yolol Wl ol yogu e a5 b (o) LidsgS P o dwslde 13 s Olaw
P < &9 - ool @l g e Dl R V) % $ P dunlie )3 iy ?

Ly, 9 2190
Ol (55,9l sl lojlo @ dtnly (s 5> @By o 2l ol 350 AlS 93 )3 Sl (55 015 WhS Ve -
Obe 5lad S VA0 PH L M5 sladlg 0 EDTA pJ Lo +/0 ol yor 5 Jlastinl 55 (s ow 0=V Hlade ¢l 23
225l 4l Stwgn Jobs ple e 4 o b sbigbings Al oy yia 45 Sbloss oo 3T 51 e o 351 (gl diges

iy b pbool JolS e 5l (Sed gl el 4Bl dige b, jl eslite] b DNA gl el s Gl o, 48 slas 4
VYA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

Mumina claa),l j eslil b 5,6l a8, (hitp://genomics.neogen.com) Neogen sleS ) aaiges
(lllumina Inc., San Diego, CA, USA) luesb] 8w 5,luskiwl JSGg, (6,5, LOVINeSNP50K BeadChip
¥ ages ol il e85 plol maiy (g3l wiged Aldle Ger waty I S 0l QL) slaply plod Sl 8aS g s
VAFY oyled 3)llil (Bg) b Ballae yio Blo cuns g WIS b a8 4 4 o Job g 0ad L (Bolad jobo 4 il
oty Soiges Ab SIS Wigas yn Ly yiodho ¥ i b g dumlos Bl ¥ s (ko (s 13 68 03181 )
D2130-90 o,les A.S.T.M 5 ls5bul JS5gp ab BUI a8 Claw g odd s odingad dlgo b olKiinlojl ;> o 48,5
Cuod J) 5 S’ g0 305 J31 51 U > YUY (35La po &y (MFD) b (e (5ol s a8 (5
o3litusl b g w3503 ol pY (59 32 (o pmerlS Sl 030zl L 1) gl 5 035 o y209,Sen Vo BV02 dgas Jobo & gl e
ey B ¥ re oy diged po BUI jlad (:le A (605 051 Jiog S s ey (Sl Jlad LS9 09wy See
Oogiz e 35 & bgpe Sgliagh i JithagS ol 00 b basiye s Oledbl )yl Simgh )3 pizren 2,8 dlrs
WIDDE Lsy oL o Gieghy onl 3 odlaisl 3y50 sloosly )8 odlisl Wiiwl oS )b oty L
oy ool & (/http://widde.toulouse.inra.fr/widde)

http://widde.toulouse.inra.fr/widde/widde/main.do;jsessionid=88568940B36 A7TDD2FBEE9SES5)

ASb e ywyied > (HBSFB69078?module=sheep
Cuxdas g D48 pasve crdwliss Ll daosld pleal I Ld g oo jl cglasio 00ly (6w 90 HLiit] muie aSG) & a9 L
Nicolazzi et al. ) x5 uxs SNPChiMP V.3 138 5 5 5l oolial b esliiwl 390 (50303 (g pw 93 (6l Gl s09)909,S
Sy s plesl galy PLINKLO 3l a5 —MErge jsies <SS b s S jitie o555 SleMbl b bosly o (2015
Slol3 g Bged 2 13 1)U g sl £ oMb ] S ladiged Sloly3 Sla)lms Sl (o955 Sloodly (ygul i
L0 Bl g lelid g oy el 28 bl )3 (i s Slold a5 sladises bl p3 ad edlitsl (MAF) 56 il
bl 3555 s 655 45 (ol LS s 8523 B 39 303 ) 51 5508 lagT )3 130 T gly8 &5 yla S5 ey a3
Sl enyla ol p0 a8 olsT oasleadl cSNP (ol colos jd s Bls 5 ololid 39 0o yd Ae 1 S ndiged pd
531 a5 5 onlitel b gl id Cilisen oo b 433)5 Jlas 15 Ve Jlosn] prbaus jgbate (s 5 4z3liS LS il ),

Purcell etal., 2007) 15 pls! (/4 -« a5es) PLINK
Lo gel sl ool sloogesd 1 (S 1Bl (grailiid (bl (gla s, 9 (sumon JUs Lo (g bof (515U

& a5 oyl ) .ol (PCA)” Lol claadlge 3JUT I oolitul cahold s yslo I ookl b sl 4 3131 jolazd] g galgs o

8 Principal Component Analysis

Y4

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5y F 0)lowd 3 0,93) (55,9WiS (559935 gt oo

s,

S 9 295 (1P (sloog)S > Cllge (58,5 5118 0950 olulid g adlllas 3)90 (B mer JlSlo (o) pslaie
A ol (F/Y/+ a5es) R ljle 5 Lo ;5 PrCOMP &b 1 odlil b 5JUT ol s o3kl PCA 5JUT 51 laog )5

iamex jalod (9ojl b odlizl NAPFLK o Fst (zixexr sales geil 99 5l ool cov o9y (2l (sl sl
D9 o amle (Weir and Cockerham 1984) (8) s <o )lb 55,51, (39, 9 (Wright 1965) cul, bs, 93 4 Fst
5 0y by JSite ) & Canl (550505 sl (55 5 50 pas ey gad Al gy Lol NS I (S
sl 55,5 o J315 338 3115 g 005 (5 S eig05 (slneg,S A 8,5 5 )3 g o 15 el 15 by W) L pla S
R Lo 3 5 g caly (3s) 55 4 baipe sladuulons ol piie G U jho o ey ol ) osel consy (330 sla )
~0be JISNP 2 (odae (2] (785 i )3 (sl 40 pgi) b 53 S5l o JUSm 200 (oLl Cgr A8 (o gicali
5316 35 0sS5lee L 48 o s o3liel (CW) Creeping WINdOW s, 4 sloxe sbSNP so1e (sl i) 65
slose sl Silis a5 1 13 85 psi3 31 bolie doy> </ g5 a5 plogl WINLO 35) lsie 4 ysbre SNP o o Fo
w5 Sy (i opl yd (Saravanan et al. 2021) bus e g ololis bl la SLE g wxily YL (b3l
23,5 030zl (F/¥/+ a5ed) R asliyy 1> GOPIOL2 (5 l38lp 55 iy | (o935 e Jlie 1o WINLO (sla o)l 1,5

Fariello ) hapFLK V1.4 jéls 5 hapFLK 39, 5l pos5 adaw 55 cuto wlsesl (ool awyp can cply ogdle
N3 o ) adllas 3)50 sl IS po pois IS sln (aishle ol s Cap S ol (et al. 2013
5 (Somsl) 00iaS Slacuis) wesd ly oloiioy S bsy 5l asby ol > s oslizwl fastPHASE V.1.2.3
93 Jols hapFLK 18 ¢ 5 (ly (6349 slo s (Scheet and Stephens 2006) 54 oo ookl lacusoble (g3lojl
doyd 1Y 5 el 03l 3y90 (LSNP (claais L 5 o0d s o3 Loly o sl &8 Lodsble (slajls (ol ool L
&)l38le 5 dins by e (Waineina et al. 2022) us ab )5 Jlas > bl 6l glgie 4 hapFLK 555 oYL s
Aal cundts haPFLK ol i)l @M oo B1)S (F/V/+ a5eus) R 4ol > ggplot2

Genes 112 by, Sl oSl 51 Ll bl jhcis olS e v 5 gblio ol 3 0dd (555 by (o sl

Yo peds gl 285 518 L)l 5,90 (WWW.ensembl.org/biomart) BioMart 4., Database Ensembl

UniProtKB , (http://www.genecards.org) GeneCards Ml sleMbl slaolSb jl ool coss 4 sl 3,5dos
s plwlis sQTL L jlas 5)50 3blie Sliged 339 wyp sy Coles yd .48 exlawsl (NEEP://WwWwW.UNiprot.org)

A5 exlal (Mttp://i.animalgenome.org/jbrowse/) QTL Ml sleMbl 55 50 5|

Ve

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

0355 Jl @B (655 313 3l s> 9 i el 0l W)Y oo 53 cuigif o sl ialg Bliie Jolye ) bgyje b
g lmosld i 31 g 1 Gl Sluasbne 13 oo Sl Sl st 0 45 aizals )5 PCA 5T )5 595 (ool
15397 S e SNP 3Lt FA-D) (slls 45 1505 S 5 o b sl Ly yo Mg 3155 b (655 3155 (slmodls oy i
i YV oMl ol 85 w51le 3L SNP S5 FRVAY sl ccled 5> SNP o 53 €S S8 als o 5l g oS
(Y Jgi) 6352 WiduosS pojgeg,S

31,81 w3 (o) 32 390 Alisto (SBIE 41 bgspe (031D CoplsS J 5 Jalpe lwogi ) Jga

Table 1. Description of the quality control steps in different studied breeds at the level of

individuals
S5 L] U0
Breed Zandi Merino
by dlass 96 50

Number of animals

4y Cond J gl 2oy Ve ) i b olbdiges Gl 0 0
Excluding animals with call rate<0.90

A5 YL IBS 5l i b oladiges Bis 0 0
Excluding animals with IBS>0.99

sl )l)ﬁ 395 (Sumed 03¢ 5 C)B PCA ).Jb" P @U}o EXTN 2 0

Excluding animals that were clustered outside of their population mass in PCA
analysis

o3ilo 3L (sladiges JS oliws 94 50

Remaining animals

5935 o SleMbl (56 L PCA Llos g 4550 (015 sloog )5 y> cllges (43,5 )15 0956 (o) jslate 4

)5 L8 s g 5o 3)50 (2] Sy ogi jolaie 4 plate ) plgis 4 pWlpl Legh ye B g (g85) (o9 OF e
b gun 55 ¢ 105 b g S5 5055 51 095 4 wei e 315 PC2 g 6035 5l PCL L &8 sy Lis PCA 3JUT ol
4»>9: I) Y )IJ){ °5?.5 ‘_g‘); ZY//\ 9 ) )].))_j °;ﬂ5 ‘_gl).) wb)ls ZQ/V .)5—\> &9@0@ ).) PCA (JJ‘ .(\ JS\MA) ..\5)].33 UJL.\JW p.b L
usdiwd ol dalaie 5015 bl 93 9 SO (slayloy o by ks Cllges widwsS Koo iz sladlp jo .08 o

(Kijas et al. 2012; Waineina et al. 2022) sl

AR

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VEF 5y F 0)lowd 3 0,93) (55,9WiS (559935 gt oo

s,

Sl gailis s 5IUT (g1 SNP sla S0l CudS J 5iiS iliseo Jol yo aods .Y Jou

Table 2. Summary of quality control steps for SNP markers used for signature of selection

analysis
Quality control filters SNP number
S S e Sy (S slass
S U5 ) U Sl sl 48051
SNP number before QC
S S aS M s Sl b o Silis G 42

Excluding SNPs <1% MAF over all animals
Wged 3 Lo Al jeS Sl g5 L sl Sl Sl 853
Excluding SNPs <90% Call rate over all animals
(V7)) S paislyonyla Jolss 51 ol youl b b Slits b 363
Excluding SNPs with deviation from HW (<0.000001)
o8ilo Bl (sla il luas 46793

Remaining SNPs

iy 4 PC2 g PCL g 00 plos! Lid sihwsS slacunes 59, » (2012) Kijas et al. g a5 gladlas ;>
D)A).) uLmo L Ia.u)n ul}uu] dl}bdol.w) ‘_g:lwluv o..&.)@ Lv ‘_;494) wﬁi?} AxJUaA ).) ..\J.)).{L;a 4A>9J ‘) L)“Jb)ls Z\/\:\c 9 XY/‘\A
5 0 S5 5,085 51 Mels PC2 4 PCL 4yl Ules (Tibetan g Altay Han) s es MidwsS 315 dw 5 o
)).)LQ.A um.m l) (ZhaO et al 2020) AJ.);L;o du..>9) I) ‘)AA)L)la )‘ ZY/V 9 XV/Y‘ W)J 4: Y 9 ) dlﬁs)b)) D)J9 )‘ f]JS )m
I (i 45 3)8 plo Ol oo Al 1B S )18 QL )90 3 gme g 4 &S D9 pgi] Sl iblie (8L 4 el e
A3l aigad 3145 5 (¢ Saigad 13 £95 b & Wgio oy lllie b glis g ol by
Liodgur ity 0gMe bl aSsloul 1 H(L5) Fst cu,lU (g, 31 oaliiw! b auwd  glwlind ol saailis
Sl pg5 o 5> B! la Uyt alwlisd S Gimgk (] 3 amd e )15 b o wa ) o yslee (slaelSole
<90 SNP V- Jobo L CW og) 41 yglme sSNP (gaae (gla 55)) (6,55 5:55ke SNP j2 (o300 o)) 085 s 5
Ol bl fleie 4 il YU (555 bl jebre (sla,Silis plos o1 53 45 pgis il iblis doys +/) ks o <3S
93 om0 |y umen pled oyt a5 pgi 5l iblie Ladd g 03 43l pSistw osd e bl (Y JSS) S5 s g (o lolid
¥/o b (Zhao et al. 2020) ss)s +/\ I calises Slallae 3 ailiwl s> ol Bas O] wimd o Ui |y dali— 63,90 09,5

ool 0391 yuiie (Qanbari et al. 2012) s

V&Y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

wamsml,

01

0.0

-0.2
|

T T T I
=0.10 =0.05 0.00 0.05

Slg olod oaigij leMb! ;1 o3lii] U PCA 3JUT olwl p Ulgus g aiadiios .Y JSW

Figure 1. Animals clustered on the basis of principal components analysis (PCA) using genotyping

information animals
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Figure 2. Distribution of winl0 Fst statistic values in study population: the SNP position on different
chromosomes shown on the X-axis, and Fst values are plotted on the Y-axis. The values above the line are in the
99.9 percentile of values
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Table 1. Genomic regions containing selection signatures related to wool trait, and genes (QTL) reported in
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Figure 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. The values above the line are

in the 99. 9 percentiles of values
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Table 2. Genomic regions containing selection signatures related to wool trait, and genes (QTL) reported in

these genomic regions using hapFLK method
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7 62927370:63915570 SQOR, BLOC1S6, SLC30A4, - -
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