Vol 26, No. 1, Spring 2024

Journal of Animal Production Online ISSN: 2382-994X

University of Tehran Press
Homepage: https://jap.ut.ac.ir/

Identification of selection signatures associated with Iranian sheep
compared to non-lranian Romanov breed using whole genome
sequencing data

Abbas Mirzapour-Abibagloo* ™ | Nemat Hedayat?®®'"" | Reza Khalkhali-Evrigh® |
Reza Seyedsharifi*

1. Department of Animal Science, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran. E-mail: amirza@student.uma.ac.ir _ ) o

2. Corresponding Author, Department of Animal Science, Faculty of Agriculture and Natural Resources, University
of Mohaghegh Ardabili, Ardabil, Iran. E-mail; nhedayat@uma.ac.ir o o

3. Department of Animal Science, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran. E-mail: r.khalkhali@uma.ac.ir o -

4. Department of Animal Science, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran. E-mail: sharifi_r@uma.ac.ir

Article Info ABSTRACT
Article type: Introduction Iranian sheep breeds, due to the climate diversity of count?/, show high
Research Article diversity and have acquired high adaptability. Compromise with poor quality feed, tolerance

of adverse weather and manageable body Size are among the factors that probably caused
sheep to adapt to different climates. Heretofore, several studies have been carried out in the
field of identification of selection signatures in the different native breeds based on SNP-chip

Article history: data. However, the use of whole genome data can provide researchers with more information
Received 17 september 2023 about the differences between breeds and their genetic capacities. Identifying and evaluating
Received in revised form the effects of climate on the genome of native breeds of Iranian sheepcan be effective in
12 February 2024 designing breeding and conservation strategies. The aim of the present study was to identify
Accepted 13 February 2024 the signs of selection related to Iranian sheep compared to the Romanov breed at the genomic

A : level.
Published online 15 March 2024 \raterials and Methods For present study, we used the whole-genome sequencing data

related to 43 Iranian and non-Iranian sheep available in the NCBI database. These reads, after
Elerformlng _quall%y control, were aligned to the sheep reference genome by BWA program.

ere, RealignerTargetCreator and IndelRealigner commands_available in the GATK
program were used to realign around insertions and deletions. Then, the HaplotypeCaller
algorithm was used to identify the variants of all samples in ERC GVCF mode. Further,
using GenotypeGVCFs module, the variants of all samples were snmultaneousIP/ identified
and finally a VCF file containing raw variants was created. Using the SelectVariants
command”of the GATK program, all SNPs were separated from other variants. After
applying multiple quality filters, high-quality SNPs were extracted and_onll:}/ bi-allelic SNPs
present In autosomal chromosomes were used for downstream analysis. Putative selection
signatures were identified by using two methods including Fst and XP-EHH. Genes located
in positively selected genomic regions were extracted using BEDtools program and the GTF
file related to the sheep genome. Gene ontology (GO) analysis was performed on selected
&enes by "g:Profiler" web-based tool. o .

esults and Discussion Here, Fst and XP-EHH methods were used to identify the signatures
of selection related to Iranian_ sheep in comparison with Romanov sheep. After convertin:
Fst values to ZFst, 958 genomic windows containing 907 protein-coding genes were detecte:
that had scores above the threshold (ZFst > 3.35). GO ana a/sw on 907 genes identified by the
ZFst method led to the identification of 157 significant GO terms in the field of biological
processes. In addition, 26 significant terms related to molecular functions and 5 significant
terms related to cellular components were also identified. The number of genomic windows
identified by the XP-EHH method was 953, which contained a total of 311 protein-coding
genes. Among identified genes for each method, 29 genes were detected by both methods as
signatures of selection for Iranian sheep. From the GO analysis of 29 common genes, no
significant term was obtained. However, these genes were involved on traits related to
improving milk fat qualltK"gPCCB), fertility (SPATA5, RAB35 and DICER1), muscle

rowth and development (NF1, AKAP6 and HDACY), body weight (FBXL3, GRID2 and

Keywords: DAMTS17), adaptability to harsh desert and mountain condition (BMPR2 and NF1) and

Iranian Sheep also, milk related traits (EXOCG6B). .

Romanov Conclusion The results showed that Iranian sheep were probably selected to adapt to d

Signature of Selection desert areas and improve the ﬂuqllty of meat and milk. The gradual accumulation of suc
information in different populations will improve the understanding and knowledge of

Whole-Genome Sequencing researchers and breeders and will help them to implement efficient breeding programs.

Cite this article: Mirzapour-Abibagloo, A., Hedayat, N., Khalkhali-Evrigh, R., & Seyedsharifi, R. (2024).
Identification of selection signatures associated with Iranian sheeé) comfared to non-Iranian Romanov breed using
whole genome sequencing data. Journal of Animal Production, 26 (1), 1-13.

DOI: https://doi.org/10.22059/jap.2024.365469.623758

@ (OIS © The Author(s). Publisher: The University of Tehran Press.
DOI: https://doi.org/10.22059/jap.2024.365469.623758



https://doi.org/‎‎10.22059/jap.2024.365469.623758‎
https://orcid.org/0009-0004-0912-9174
http://orcid.org/0000-0002-6802-6739
https://orcid.org/0000-0002-3550-5741
https://orcid.org/0000-0003-4593-2058
https://creativecommons.org/licenses/by/4.0/

VFY 5l (Jol oylouds cpiicds g Gt 0590

TYAT-44Fx :J;{/u‘r{td d Iyt ily
# ”

Homepage: https://jap.ut.ac.ir/

i

S 8 915 duglio 38 3l sk 1 a0 ARG (5l 3L pbli
o953 JF gl sloosts 31 ooliiul b Gilag,

£ oy pinns U5, | " 32001 JS Lo | BTl Cans | S o 3950 oles

amirza@student.uma.ac.ir :asbbl,y .|l ¢ sl ¢ duod)l 3aoee olSiild ¢ rudo mlio 5 (¢5glisS 0uSLisly ¢ pol> pole 09,5 .

s

nhedayat@uma.ac.ir :asbbl, .l ul ¢ Jud)l ¢ o)l 3oee olKiily ¢ grudo mlin 5 (55)9liS 0uSuily ¢ o> pole 09,3 ¢ Jotune odiun g5 .Y
r.khalkhali@uma.ac.ir :asbbL], .|yl ¢ Jud)l ¢ dad)) 3azee olSiild ¢ grudo mlio 5 (6yalisS 0aSiily ¢ col> pole 09,5 ¥
sharifi_r@uma.ac.ir :asbbl, .|l ¢ ool ¢ L)) 3azee olSiild ¢ grudo mlio 5 (65yalisS 0uSisly ¢ o> pole 09,5 .F

2SS

Al OleWb!

iy i )05y (6 S £ 5l 9iS (e MbwS (pl 1 Vb el g S,
Syl A5 L awslio > Sl libweS b b o Gl gladilis ol (ol dallls | Bua
9 (.SJI)"‘ ulm; FTY Jf o.\m@bély dl.b.vo.)l.) )I ‘)92240 d"l 4 A.wl;gc P9y C.\aw 2 u'u'Los)
(stS Yl g Lo jl g da Jlg cpl 5,5 eolazl NCBI (glodls osS0L 53 34250 Syl e
cos (2ly pllid ©ly (opf Glagst plolid Sl g W0d jhbea KiesS e e @
gyl Gl b eoliel XP-EHH g Fst jig) 93 jl ( Slpl laiawsS peif 0 cute bl
pe5 b s GTF LB 9 BEDt0OIS )l58ls 5 5l eolatwl b colbwsl cos (slg )0 39290 (sl
oboly dpl Gygo of (b gumd BT 1 oslitul b bayg cpl (63,Sles mngiz b ciungS
XP-EHH 5 Fst sla by, bawgs cpBign 0aiS3S 5 ¥V 5 AV Cipa wdalcwny mbs
oS ol i Suke b b)) Woe S yde ey 90 cpl m of YA dlaw a8l olels
;SPATAS) d)})Lf ‘(PCCB) 2 CuaS dgue L ldype cls » ‘Lasoj C)‘il 51 edlaws
FBXL3) 4 ojs (HDACY 5 AKAPE NF1)  clasale seigais, (DICERL 3 RAB35
5 9 (NF1 g BMPR2) SluwasS 5 Sble cowe (slg 4 (655l (ADAMTS17 4 GRID2
gble & ()8l ly NN Syl GliawsS & ob i mls e Jds (EXOCEB)

8,5 )18 Ol g0 jd g b CudS )] 9 bl Sis

gy i il £o3

VY[ 2IvE 1Bl g & U
VYINIVY 26 5550 & ,U
NRAZANAL A PR TN H

VYNAYIYO WS & B

:thj'g.)g,ls
poif S b e
ui»'lc;/

el s
bl slodilis

Sl aziassS b e Sl sl Sl ol (Vo F) Loy s piiss 5 L) e sl JBS foms ccalin 1 bs eslSy ol 50 25!

MY (V) YF o Slidyi dpuits o5 IS oL e slosly 1 oslitul b casleg,y (Slplype o5 b dwolio )

DOI: https://doi.org/10.22059/jap.2024.365469.623758

ol oKy Sl L] Ao 2 gl



mailto:nhedayat@uma.ac.ir
mailto:nhedayat@uma.ac.ir
https://creativecommons.org/licenses/by/4.0/

v OlylRad g 1% o 1301 g0 WS / oo st 3 3 b duast o 4 Ayt ki b S po AT Uy S ot burlinis

dodo .
s o 5l as el ssdols M pb 4 (cladhaie > o Jlo e Ve dgus a5 cul Sllgs gl 5 dbwgS
whe dlae b ()l cwl ol (S cuada ke mdaw o 1) 08 (SuSly Slas a8 pl 98T
Sl el Yiasl o wiwn lolge ales I oo hB o0 0518l 5 sclusl (lomgc] oot cuisS oS
0> yiyep cuieS gl (gl ladd lal o oliawsS (Kijas et al., 2009) wloads caliswe (slapddl 4 ibwsS
Pyl g ol o s odlil 55 by 30 Blaal (ly Sles 465 cpl e JWo e gyl bl wias e
oylgen oplpln imd o gy il eyt |y byl geMe a8 Ml plo p cuwl i olie clslas
5 dolp maw wares Sl Lol sl byl s pels 398 YU cutSl & siun Y game Hlwlgs
Aimd o jLB slicou |y e lapld Cures oS i (6,503 LY NN ooy

5 oolaiwl Lol Ll 48§ sl g sladlp Cbl cov sl olwlid die) » alie Cldlas eSS
W 0diS SeS uL’xu‘ dhbcbl.wu LSJL’))‘ 9 u.»bl...w 3 SPu N 9 Cowg b A.»l}»L;o P95 J5 dl.b:o.)‘.)
by (S5 slacud b g aol5 o gl 0,lyd (65 i leMbl Klg3 o 0955 JS (sloodly 5l odlitul i p
buwg cottie lag; 5 (bl ()l ol (og) Bble (8l lp AW 3 )13 (S Simgly HLisl 5
Nodds (2logys (neten J1 (S (ooeldl lalpd 390 &y 5o (agr (JaidwsS Ap Mol 5 Wlg oo Waodly (]
Ol (e Gl bl )3 ol clacsli .l Jli5 50 Gl slaslp ¢ aigS JolSG )3 oS 39y 0
cblis 5 2ol diej )3 Wl o] cld o5 awliS bl ol og Shisage psif il (ol (25 2 (35S
A3 e 3blio o (o3 s2315 3

g i Y
3 03,5 ply |y llges 51 oolims oyl cgly 13 39, 0 oy ;505 slodigS p d565 o 538 b lgieds Ll
I sase bdls g ewsS] il 4 e g 03l 413 8l cow 1) Gllgs b aglul Jols ogos «Sin b
5 pe5 JS oLl il slaigyeld drwgi b ooyl cCunl odd s it lacaned ol Sllge
bgrge pois bl claalis slobs K6l «SKoloyghilgn diwe) > Cdyin ol pends SNP (claal)ls,
235 3133 abj5yee walise sladisS pgis sl g base 3l b ol onds wal b Cilises

Oygo 5yl lise ol g baigs o Cbal glalis olulid age; » (goasie Oldllas g8
@ by Gldllae (o cuwl ouds Sllges pl COLs aiw) (o)) CleMbl adgi 4 youe oS cunl 48,5
Wdlyss wile lelge a5l aS 2ai o odliin] auslie (sl olrog,S )l Qw bl bl olelis
b be slo g (lolid 5 (s pslaios Gimgss Sy 3 eJlio jsbay A28l Sglite (sads Blasl b 5 ueld
CubeS &S 500 HU LibweS Froolypeddy Al (55 o000 cudsS a4 HU widwsS Frojl cdidwsS o> CuboS
ol Bas Cbal WS leisds 5 b )d D990 SNP Can slawi culed 5o 0 eolaiw] Wiuild (5,508 00D
w3ls 4Lis gl .39 COL12AL 4 DPP6 PLXNA4 [LOC105611989 STEGAL2 (ALS2 Lol 5 Lyiud



’f'f;J;/ajla.J} ol 9 Counns 0590 :‘fo/.} U/vLJ}J 4

Cio b )b size &ysods COLI2AL 9 DPP6 [LOCL05611989 5 4w ;5 39390 SNP (clo jigs 4
C8)5 Jaip caio ol ol car Jslge sl Slis Gl |) bl plgi e g 2idgr bL)I s onis cudgS
.(Zhao et al., 2012)

S8y aalllan Bun b ol didaosS Cumox VY 3lass o3 2 Ll 5B gy 0 politod § 505 alllas 5
@l A5 by Wl e )0iS ol (il 8beos & g | bl alulid 5 )5a8 gaw 3 gl
GBM3] aCures yo 45 D91 o 5| (Sl ADMIXTURE g PCA g ladiges ol (S5 bl jJUT 5 Jols
o) o WNas gandiwd 05 olbhas STy b Bills diges ded PCA zls lwly 3yl 2459 (S5
Glelse b ol )85l 5l ot (SWb L by belss 4 acusex cul (ape )B5ls o5 2 oL )
A pllid 5o adye lyd & bower Gl Bl gaaled raea Aile YU sl 5 gl il
S gl olols ly eei codly @yu8 sniad lis Cldllas 43S pl gl (Wiener et al., 2021)
San b adlas ool il cpl 3 2l o gaw 53 Ciliie bl g &S (10 > (g leg b basye
plsl logy ()8 35 5 (Slpl (oo ldesS o gy S aw )3 altl laySilas olulid 5 ()
olite c1dg clo Ul b g oddl Ll 3 a8 ol litiansS sles adlllae ), cislog, 315 cadly )5 oS
ol 0uls gMol 5 4l JolST Syl libwsS 4 s

Olgsdr ol 215 laidnss 5l el 5 luawsS 3 bl glalis plelis jslateds dlllas G )
oolaiwl b g o5 s (gljlay diges Vo olas jl oolawl b aslllas (pl oo ooliin] 0955 duclis plos] sly 5 g yo
Spdhonle cel wuw oM YU clel)l o Ghyep S8l Ghee ey JS b e eedls
Lol 313 0 bl claailss lolid casl ond Gl (5enS] waw b Sy oo lae 4y gl laihssS
Sl plaiear @il Sp 53 &S are 2l I (o b plxl Ga5gdlSe g g FSE by, 93 5l ealil
axil cos oM asle YL Slelis)l 5 558, 9> Jdods a5 abel)l g MITF o5 ad lulis Gl
0392 jloylS Ll cpl & o gl GlsisS gy nle 3 Vil o5 cpl 1 adlbon s idis glygle
P dd gl 4 glee Wik plels obal el fleed &5 K wulS glayi 5l ol
35 o)l (dredy Cliv g asjlon 4 Coglio (s drwgs 5 Wby omly ienS] aw 4 gl
(Shi et al., 2023)

Vb b 15 bog)S Jold 0g)5 93l eplaidnsS 13 (3pd o b bape slagy) 8L sl gy So
egSde adllae ;3 a5 oslitwl (Cilisce oI5 gty Jobd) (b o g5 L 0g)S g (hlisee (Su3f 09,5 (i Jalid)
dox Jl 0] (pdiy o5 A5 astie Coleg )3 S 4B oy (SawsSjor £ g sedlSy e FSt by, dw
L ko clas » s slbyj 95> TNRC18 4 ROR1 SLC29A4 GHR ARNT LTSS LTSK FCGR3A
15 GHR 5 CTSS (CTSK ARNT FCGR3A alos jl b5 el 5| (o0lins 45 g 00 Call 5y wiiads o203y
elialof] (g jlealisl L Sie slagy] o 3l aiblise 2V ol shb B ieesls g lagls (o3, ())e2
el oyl bloyl oyl cdo b g 00e Gl slaailis oy 5 Juol 51 (G FCGR3A (45 &S wé <ol RT-gPCR
b me Olo (Bd pgl (Sl Sacigie Sl gpSele by alih B Gl el >
4y s (liang s 1> (05 0ol 1) el ity oes 53 (52 (Slowr S WL 0F ol (VL Gl S bl
{(Lietal., 2023) 59y RT-PCR 25 L gillae a8 39 0yl (08 ()l500



(>3

OlylRad g 1% o 1301 g0 WS / oo st 3 3 b duast o 4 Ayt ki b S po AT Uy S ot burlinis

g3 wliigig -

& 0 95 4 BN 3150 g baiges ) .Y

Woaly ! oolawl og55 S 00l ¥V 5l cailogy (Slplpe 25 b Slpl laidusS 095 clacglds awypm sy
s (4905 ) (ert (85905 ) (55 (85505 ) (e (85505 ) 5 M8 {305 sty JSo8 csloaly ok
Cawddy NCBI (gloaly oS0l 51 a8 Wdg) (6903 V0) iilogy g (Wged duw) 38 (diged dw) (&S (diges du)
(g A5 55 b edlatwl (VV/A aseus) FastQC ljéls 5 5l o g,915,5 pls (claodly cutS i jolaieds tiel
Voors 45 oloxljl b0 pumeas (+/¥R a5es) Trimmomatic 5bley Lawg «uisS oS (o iles o bolKls
5 1ol (S 0ym ST Il o3 slagise ) S el el 5 el 5 eas b JF slajl i
oalizal " (glo iy g S| 3 Lles J5 S S el s Bl g ul g g 3l 5eS ptilss sles
opxiy g Ve 3l 5eS 0y b oyed (1ke 19 0ad qwyp 5L @ Sy 3 Bl a4y by A
s 392 0y S ¥ 5 &y (S GVl 1 )3 gl oo JBlas o olaitles cules 53 3,8 Bl 8o
Luwgs a5 05 osalin (g9l Sagll calllansyge (cladiges jI (B ,d 0ad atiliS HUS cam slajlUl 5l JolS
aon (VY a5eus) BWA asliy j3 MEM jetws jl aslitel b .bas Gls g ololis ILLUMINACLIP a8
bowosds sbul (29,5 sla bl .5us l5en (GCF_016772045.1) diawsS g y0 posf 50 o oYl (sla yiles
buwg wabcaslas glo iiled  sled g <5 ye o(http://broadinstitute.github.io/picard) Picard ,l5éls 5 (.5, 54
IndelRealigner o RealignerTargetCreator ,giws o5 jl .13,5 Bls ;oS0 ,lj8le 5 MarkDuplicates i ,sX|
5 odlawl (i) adlsl o s alybl )y b (iiles daoe (55l 5an (gl (VY d5uus) GATK by )3 54350

s i iVl g rblis ¥ .Y
OldaweS | pel diges olod il pdy el Cilisee (ladlp po dslllas 5 duolio aScpl (gl s o cpl )
HaplotypeCaller 4o )6l SaS b g Il jo cjslaie poy .a28,3 )18 VCF LB S LB > casleg) ol o ]
5 oolaiol b e oo 05 Sled 13 (g0lyal &ysods g ERC GVCF clls ) oly8l den slagss GATK aoliyy
ol VCF LB S colegp g 0 didlyy diged don slaggd ylojon olwlis 4y GenotypeGVCFs Jgjlo
»lo I LSNP GATK 4oy SelectVariants jsiwd oS b .30)3 dlw] iged ¥V dod &y bosyo pbb slagqs
ol w s s s as iYL 5y GATK 4 VCFtools BCFtools (claasl y 5l odlaiwl b g 0000,5 lis lagss
Sy Slne) Tpied ity X+ >l Gee ol 0x3pVley (A 0j05 & LSNP den & &0
5 ReadPosRankSum < -8.0 MQRankSum < -12.5 +/+ > "cuilss cuaS &4/ <( by slas o
&S WSNP aca VCFtools aely 3, 8a b coles ;o us anslds LS LT asldl I caesls SOR > 3.0

. Reads

. LEADING:5

. TRAILING:5

. SLIDINGWINDOW:5:20
. MINLEN:40

.QD< 20

.FS>60.0

.MQ< 40.0

ONO U~ WN P



’f'f;J;/ajla.J} sl § St 090 :‘fo/.} U/vLJ}J A

X sl sl /o0 T S T Sl D ide JBls (508 Gl 3,8 e Coms gydigy (slyline
Jobate ool 1S3 4 p5Y /o) TS pilemonle ol wlin] g +/A PoniaS soolSils Sl ¥ T T slas ST
Bl 95 Gl g 45,5 L3 ol b 55 SNP Sy a8l sl 45 canl ol +JA 00 saolSls yiSlas
S ko @dly > s ol e ) Spilemoo)la ol aibul bl osd oLl asdllaedyge bl asys Ar s JBlus

‘w““ ” )l:élw or -r

s [ . v <te .o 1. . . - N
559k C850 maw i 9 (PCA) " (ol slaadze Julos 5T I cadllandgo sladiges (umon jlslo (o) sl
indep-pairwise 100 50 0.1 435 Lawgs o plulis (cSNP ol PCA LT zoli 4 olswd (glp o osliel
ligpen lalad L SNP Voo (s celao oy 43S ol 5 i3 ,S L3 LYo jse (VA dseud) PLINK ljila
@y y» 33 D990 SNP 93 ya o (3K ol pae) (Siser (sly ailiw] do 395 0 3wl SNP B+ (il
i 03ltwl b ¢ Jgl 450 93 g 00 dnloee PLINK l58lp 5 bausgs PCA 3JUT (claddlio don cals] ) .0 anlgs
4l PLINK l8le 5 bawgs (SuSold C850 S onizpn b maw 5 R l58lp 5 55 35290 gopIOL2 (5)1j3le 5
5 a3 (V¥ ases) FigTree jlsle 5 5l eolawl b ¢ fols guls .03 )5 s>l (Neighbor Joining) NJ - 55,

Wb sl sl .F .Y
vy 90y 40 b odlawl XP-EHH o Fst (gla g, il Clcsl cov  slg olols jslaiody (ol dsdllas )
Fst (g, 559 5L )58 YO chyls dayl oligeen (>lgs b Step Size a5 s bl 5L a0 Job 4 olao s
ZFst & (Fst — puFst)/oFst Jgoy buwg polie cpl ded ()] (3,5 Jloy slp g 48 |2l VCFtoOIs |l33le 5 lawgs
Gy amd o Ui |y bl 3,5kl 5| Gl sl OFst g 03¢ WSt uS5ke ,Sby UFst dleo oyl )> 505 s
dae G SNP o glilay XP-EHH g, 50 .aad o (i)l55 Fst jlade S§ ¢ 0935 0yxs s (gljlay a5 Fst g,
N3dley 5l aisu &S norm asby 5l eslaiwl b SNP o (gly sddaumlone slacl (gam p8 10 Dgd oo Al
OWssen (o b (g5b i 0+ ojlil jo XP-EHH (caio ey (sl 0 (gilo Jlo s cunl (V/+ aseud) Selscan
by (@ (2ly bl S sl sl b eolitul (enl 0l b pugicas aby Sl il e YO
S cwsbla (saujl (ol XP-EHH (o5, sl 5 Giw oS cunl )85 4 p3Y .00 Bds SNP 0 I 530S (g9l
&S 095 slo,oy «olpd pd .13,5 eolatwl iterations=20 4 burnin=5  clad ;S L (A/Y asws) Beagle )l3dle
Nas ad)S b Jleas] Qbsl o sl lasay cwiialy jl8 XP-EHH g ZFst oYL sy Vo aly )

. MinDP

Maf

. Min-alleles

. Max-alleles

. Max-missing

Hwe

. Principle Component Analysis (PCA)

~ouhAwNR



v Oyl 5 557,21 301350 s o s 157 b sl 33 A 3 s S o S 5y i

s sly XP-EHH 5 ZFst auoles 5l s claide 095 (slaoyoxy cpuss 1y (Khalkhali-Evrigh et al., 2022)
o) Vo edde dly &S olae ey JuST doby jo percentile Jae s l eslaiwl b ¢yoSde (slaoyoxiy I plas’

Sael b ogss (slooyis) XP-EHH o (¥/¥D 5 15055 shiel b ogij celiooxis) ZFst e, 9 5l plaSpn oY

o Sy 3 s T i o0 Y

GTF L 4 (Y/YV/Y aswud) BEDtoOIs )ljale 5 il eolaiwl b colsesl cow  slei 50 09390 slay glysciwl 51 us
T S L by opl o0,es pwngizps NdwsS pej b b (ARS-UI_Ramb_v2.0_genomic)
&y 9 GO jbolie Clyle Slolid (gl .yl a0 "giProfiler” Cg cos Il 15 (GO) (5 (cwlids s
A5 o3zl +/+0 (gglue ¢ S (Benjamini-Hochberg g, 5l edlatwl L) oddpusnas p lade ailiwl ;| KEGG

o g by slaaisl .F

3 ol 2 (o955l Ml 93 SSNP (il 5 ogi5 (slogsi (S (Yl g5 ol | Ly o958 aalllao
Ciilogy yliawsS PCA LT Jol adle Loluly .03,5 esliiwl dbgrye (slajbl alosl (gl SNP YOAAVFA sluss
NP iz | JSutie oS cpl 3929 b Sl hidsS (Y JS8) 508l Slnl lidesS jl (elly ©)gon
PCA ls 9o i (Sejohd 63 uy 3l ool zulis 328,515 09,5 Sy 3 (oommin &gty ctidg, cilises
(o) Jss) 592

&

5 ol MtiussS Jolis adllans ygo ks digas & bogs e () (Sejoled <65 ¢ () PCA I Jols gl .Y JSub
Cilegy Il 35

XP-EHH 9 Fst L):’9) 99 )‘ @Lo” .L.o.w; b wL& 2 L;ﬁl))‘ P ulm; 5 u‘ow] lebjin‘.w.) L;iL»L.w dl){
&S 5 03> Ll piigp 0aSAS 5 A0V ggls 0935 0 ymws AOA ZFst & Fst polae s 5l e A edlatwl



’f”"Jj/a)la.Ji s 9 Comnrs 0990 “;o/.: U’A.J}r A

XP-EHH g, lawg ond glolis eg5 (slmo oo sluss aisly (ZFst > 3.35) sy o aibiw] s> 51 5YL Slyes
PLERW) dLoLw AS).L.M G () ya O Qﬂ] )'1 D9 puSg IXVLRLY ) AR} d?l" Egexe D &5 39 dde Y
(Y JS5) 00 0 iy ya8 Cue Ol cos gla i lgisds XP-EHH 5 ZFst g, 50 y

an as
i a i ADAMTS17
= 3 . 5
()0 7 Loctaises @ o TOCI0II0191  AKAPG
(@) STAGL BCA929 LOC101112572 LOC101112122 DICER1
DUS4L MGA LOC105602911
* @ HDACY an . LOC121816895
s TRIM24 K S
o BMPR2 NELy 4 RPLPO
7 ©" 4 SPATAS *
3) (10) w1 . .
EXOC6B GRID: CLNS i . .
N > FBXL3 ° - . KRB B
= . . = A (16) 23).
6 o o . ¢ L 0 Tiw 182 33
. v s = " . & +.pDzD2 3 ° 'L LOCII4110433
€5 " -4 o .. " . . . . b
]
u *.
N
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 22 24 26
(@) 4
(b) '
1]
3
T
w Z+
Q
.
o
Pl
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 2 22 24 26
Chromosome

SS0bLes e,8 s §(0) XP-EHH g (l) ZFst (sla jbg, 3l oolitul b s pluwlis (0g) (slao oty (yinie 43905 .Y S5
1SSy oyl Sbles 55l 315 50,8 slhiel .asb o yoShe By 93,0 Ol slaailis plulis (gl ailisl s

Sl oo S e slagy) ol slapgiges,S

g <05 3 655 b 05 mli gt 3V dn ol ) i Saoly slaailyd g oo alulid ol

3 b gme Syle VOV plolis 4 e ZFSt oy, bawg sdd gllis 5 -V (g9, j953e Ul .05 12l gProfiler
Cute mati (GO:0045598) oyn Joho plod walas (GO:0045444) o> Jobo 3o siile  So5elam (slasil b e
slosuld (GO:0071396) s 4 Joho gl (GO:0033993) a4 gusl (GO:0009893)  Sgbio (slansis] b

> dawgi g (GO:0006950) oyl 4 gl (GO:0002520) iey] s dawsi (GO:0009056)  SJgibls



A OlylRad g 1% o 1301 g0 WS / oo st 3 3 b duast o 4 Ayt ki b S po AT Uy S ot burlinis

Sl b bgye b dxe @yl zy oljendy JoSUse (slad Slas b Lo e jl5 gz &jlie Y8 wgMeay .05 (GO:0009790)

Y i) 95,5 olobis Jsho il 5 (i Sninl o dsSlgo stas Shos b Lo e eMacl 10

Zhst gy by oad ool olazs] glag b lasye o ulid st 30T 55 ©ole 2y ) Jooa

BT P yle sy 3Pl o ©yle gk
ofeey double-stranded DNA binding G0:0003690 MF
ofeeyY oxygen binding G0:0019825 MF
ofeey protein binding G0:0005515 MF
ofee¥ sequence-specific double-stranded DNA binding G0:1990837 MF
YRR sequence-specific DNA binding G0:0043565 MF
ofeee system development G0:0048731 BP
ofvee) positive regulation of biological process G0:0048518 BP

ofeee developmental process G0:0032502 BP
ofeee multicellular organism development G0:0007275 BP
ofeee anatomical structure development G0:0048856 BP
ofvee) cytoplasm G0:0005737 cc
ofeee hemoglobin complex G0:0005833 CcC
o[ AY nucleoplasm G0:0005654 ccC
R R cytosol G0:0005829 cC
<[+ ¥AY catalytic complex G0:1902494 ccC

XPEHH by, bawss 30 ololis (ol slogs b bsye 55 ooli gt 81 55 Sl g Y Jgon

BdguEua) p ylade Slowdgi 3PPl 0 ©jle gt

RRRIN olfactory receptor activity G0:0004984 MF

of) signaling receptor activity G0:0038023 MF

o[+ G protein-coupled receptor activity G0:0004930 MF

o[+ molecular transducer activity G0:0060089 MF

of transmembrane signaling receptor activity G0:0004888 MF
of«+QY cellular response to stimulus GO0:0051716 BP
NRRIN Signaling G0:0023052 BP
RRYN ¢ cell communication GO0:0007154 BP
<[\ signal transduction G0:0007165 BP
<[+¥¥0 cell-cell adhesion via plasma-membrane adhesion molecules G0:0098742 BP
Y RARNG ion channel complex G0:0034702 cc
o[+¥q transporter complex G0:1990351 cc
AR Membrane G0:0016020 cc
AR myosin 11 complex G0:0016460 cc

o[+¥q cluster of actin-based cell projections G0:0098862 cC




’f'f;J;/ajla.J} ‘M}Ma)jd:‘fob U/vLJ}J AR

390k PCCB) jud (o2 CusS dgme e Slao 59y o) ol el a5 ol (L j980e ()5 YA (w0
5 GRID2 FBXL3) % (159 {(HDACY g AKAPE NF1) clasuale geigis, (DICERL 5 RAB35 SPATAS)
5 b Laye i uizen 5 (NFL 5 BMPR2) s 5 by com oy & (555l (ADAMTSI?
Iogls 15 )5 55555515 115 55 o Canl oo ot 3] 45 Jsiuus PCCB 5 situn IS 51 (EXOCEB)
pU & el yaiSsie ol POCB () & ad asue S5 W o)l poisegsS g5y onpt <o 3 )0 i
5155 Jogmon 33)S 5 JanS92)S a5 w8 o S 1, (Propionyl-CoA Carboxylase) ;eSS 168" Jgmgn
lodsl b 5 051 cpl S o s ATP & il sl o (b 1) 15— Jigllo e 4 o) s
»3 (Van Poucke et al., 1997) 3, ¢y )by Gylial Jobo b (olio s a5 oyn (sladul o jbasls aiel
R D R R
o5 ol (Liuetal, 2021) sl lis Sligren (o g W S e olaibwgS pois 5 j90n claans, L PCCB
G OllawsS b o> CutS dgue )0 PCCB (5 g )8 31 aols cpl o5d cubsS 9wy b lag e Slaw jo
losed (TTTA] cishls &5 @90 cpl 4 )18 o0 o cnl (59) (it f1 g ails (dlodos (IE 35 (e
o555 JS 9> 3o ialS |y ol Sitnally G sl clale bl odly b33l 1y yus (PUFA) glsl oy
5 039 blijl )3 (x> seigddy 9 6)5)k b STAGL (f elyeady 0] (nl (i o5 sloj ©oujsen Clalad
(Lietal., 2022) cusl 03,5 (63l ot L2 g5l 455 ) Sl s Ylezsl

9 3,5des bis 5 Jolo (Glamwg slaanlyp > a5 WS o S 1) ATP auiSa o5 il 95 SPATAS 3
Sujit et ) a8 o o3, |y ] g onds ol S gie IS5 juis cel o5 opl )l (lodes 8 b, gise ploeud]
S Jo 5 oyl 55 el (sl g 039 Bl a8 3 Y alBl (5 )0 giae (yAB03,25 (al., 2020
a0t b s saanlb ) 9wl Vb gl Cumgile el 9 (595 gile el sloJsho )3 0F cul bl 65908
(GUO et al., 2020) 395 o (5 e Jlmy Jole Sy o JU vl & o] o5 5 LigS el (sla s 058 5
g5 0 2 2 2Vl (Stusan I3 b SPATAS 55 15 31 ey (0 o Jute 45 53383 oS sty o
OB O (6)9,b e @le 5> Mgjgle yel (la ol Sl (39208 Jdde 948 oo 0ipels (SibaiS &5 U
Joexe geighdy ) ete Jole g 039 olewdgn duld o DNA a3l Lo (Sujit et al., 2020) wb o
sbid om ISl plealy 2 g 030 RAB (5f odlgls I RABSS () 09500 48,5 )5 )3 (o sl Joho
2 MBI 5 20955 G0l sl 55 RABIS (5 3,Slos 5i8ycess 35 o i) (gl 385 sl 5 Lowsdly
A8 oo LS L Sl wree (e ¥ yulS 5 (plicdSul saanld sl cul (Ses yal (e g 0AD S0
sdbie i 9eishy olgd bl )3 it Sl e 0aS e o cul Yleis] o 4b e Jole g3
ol Ol Syb 5l sl e ;Y LMIRNA Jg5 (gl o0 ;3 DICERL 5 sl (Remsburg et al., 2021)
¢lp ol g GRNAG S 9 DICERL (5 culld sy o s L CwoVb Juls ol ;> amiRNA
(Hong et al., 2008) 1il (gy955 ¢ ol g pismems 03940 s (slpll 5| (o)l Jloy geigiid,

Wei et ) aad o Gioliel ) YU clels )l &y o liiawsS (o)B ke Ras JUSow yumo oo padais U NFL o5
Fyonal 28 jlogys ladsls oy cnl & g oad Jld Ras (JUSw yows <0f (nl ol o205 L (al, 2016
amd o )8 8l cou |y claomale col gesgad) 45 dgr bl g3 Bla widwsS ;5 NFL 45 .cuily sinlgs
oli 2y oy dlas G (g9, S B W 5 a5l (SO NFL cad b MiawsS ) .(Cheng et al., 2020)



W blSed g st i b el S0 b sl 3 ] 3l o AP Sy el

MEF2 aulais |y g o 4313 5 sldoale AKAP 5l | & AKAPE -5 (XU et al., 2018) cuul oas 3,5
o390 YU o (5 5 ISl Shaale sl Jsbo 3 55l ol oliwe S5ion sliopal il s e sl
dpoj p adllas b (Gudmundsd6ttir, 2015) 3gi o (sdiduw] liiawsS adp SMae cel & sad )5)155 4
ol plo g Ay p a5 A5 eanaed ooy e AKAPE () 315 ddwsS (g9, 5,80 slayi ololis
bls,l MEF2 (&5gp b Sl o 50 HDACY o5 ((Mohammadi et al., 2020) sashy Sy ids glaoualo
oo Olie 50 g ash 33 S cou |y Sl cladounle drwgs (uBgp cpl eSS o] el g ail
b ogd oo el aoe )3 5 awlS MEF2 g8 LS 51 HDACY 5 )b wlel 38 lasuale (slay;
o sy yd o5 onl (Haberland et al., 2007) 39 Cans jlod CBb oyl gadgidy 5 (glaomalo gla 5 amwsis,
o {(Cheng et al., 2020) sls o )13 ysbicou |y slaomale Col davgs 45 3g) sl g5 Blo tidweS 09
w3 )l beos |y by b 0jy Che gl b o Cul 018 (B s5p sl FBXL3
L j3 GRID2 () &5 a8l > ol piogh (o8 Clio solSols hls (o5) (g (s 5> (Zhang, 2021)
XSy 5l pellie 5 ADAMTSL7 5 .(Hu et al., 2021) o)l Sligwed 3 (yjg o b i QTL (g
Ay o 18 b ot 1y 95 Jgbo o g 08y sl 3 g 423l (3B Jobugiggm S le oSS 50 oS A8 e
ly GlbsS ojlul 5 ud) Cho o 2580 wB)S s 3 G0l by s 0F (il &5 ey i alnl
b basye slaasl,d b 5o (Lee et al., 2020) 45 ;5 o3 ol 45 Canl osd (3)55 winped d o0 )3 pilices
ol b3 > asudle o ylgotiw] geigad,

o b Laye Jolys 31 (S0 05l 08 (ololid adllins (l 3 o ol (5,50 (s IS | BMPR2 5
adllas > i>en (Serranito et al., 2021) deui 0 48,5 Hlai > (APH) els)l @ dtunly (500, 5> Lid
#Beos |y Gaibnss ol S Slio 5 45 )15 ooie (lagf 9 0F ool (S MkesS 59y 485 plos
(Yang et al., 2016) cusl 00 Sbly cou bae 4 bl 6y 5k sl g 02l I3

A3 o JLE plicos 1) sy S wbidcsy, 55,5 & cul 6,505 63,5les 55516 EXOCEB -3
Ak sl cJes (ghlme (a3 JSE > cunl Sen J3 Gen 4 &S 0)b led g i o 0F cnl Uy
Jlasl o a8 o)l Jlas! bl oo otz Hlod oy oS <SS 1 S o5 vl 09> -(Pausch et al., 2012)
A3l 423l bl B (] 285 iz 5 (olawdl (5L & gl slo 5

Lalgiind 9 (5 o 40 .0
o A5 SaS whlizie (ST g D 3290 Slegl b ladye (B al (8l Clil hals plulis
F o e85 )8 2bjildyge ()1 ileg) dF NbwsS b (o GMidwsS ol pgi pols addllas > il e
5235 oy GMikugS dlize Clan g9y 155 Ol laailis plolid 4 plidl (Joie slagss gl
slog; J ol &3 Lt bagj (owlid stad gols (85 )3 () p3j9e d9290 ST 53 Ji3d sy
o (Ble 6Bl (b (g slomple 9e39ady (5)a)k b (22 CuksS dgrke Wlo (pladise) ) e
v bulyd 53 W mre sleas Jolge 5l 00895 (gla Shg )l cIbd 1o b s ye Clas 5 Sl 5 Sble
Aok o ogr slacimen 3 Jgta ool (b dogiye slagys Yioinl 5 01 Cgusna ol S cardd
Byl bl ams e jl3 il 3 1y s Seiunl g o] glaain 35 cilisea sladlss > sl slaailis ool



’f'f;J;/ajla.J} ‘M}Mo)jd:‘fob U/vLJ}J VY

SIE  dedin sl bl g el gl Wby cp el S 5 (S bl (Sess BYS 5 e Slegs oy
bl e cilisee

SNy g S P
D)8 o (S19)a8 g ST cpols iagh pll jl coles Cas o)l Bioee oKl

D)l 039 B an g bawgi z8le (5l digS pun

&bo A

Cheng, J., Zhao, H., Chen, N., Cao, X., Hanif, Q., Pi, L., Hu, L., Chaogetu, B., Huang, Y., Lan, X., & Lei,
C. (2020). Population structure, genetic diversity, and selective signature of Chaka sheep revealed by
whole genome sequencing. BMC genomics, 21, 1-10.

Gudmundsdéttir, O. O. (2015). Genome-wide association study of muscle traits in Icelandic sheep
(Doctoral dissertation).

Guo, J., Zhong, J., Liu, G. E., Yang, L., Li, L., Chen, G., Song, T., & Zhang, H. (2020). Identification and
population genetic analyses of copy number variations in six domestic goat breeds and Bezoar ibexes
using next-generation sequencing. BMC Genomics, 21(1), 1-13.

Haberland, M., Arnold, M. A., McAnally, J., Phan, D., Kim, Y., & Olson, E. N. (2007). Regulation of
HDAC9 gene expression by MEF2 establishes a negative-feedback loop in the transcriptional
circuitry of muscle differentiation. Molecular and Cellular Biology, 27(2), 518-525.

Hong, X., Luense, L. J., McGinnis, L. K., Nothnick, W. B., & Christenson, L. K. (2008). Dicerl is
essential for female fertility and normal development of the female reproductive system.
Endocrinology, 149(12), 6207-6212.

Hu, L., Zhang, L., Li, Q., Liu, H., Xu, T., Zhao, N., Han, X., Xu, S., Zhao, X., & Zhang, C. (2022).
Genome-wide analysis of CNVs in three populations of Tibetan sheep using whole-genome
resequencing. Frontiers in Genetics, 13, 971464.

Khalkhali-Evrigh, R., Hedayat, N., Ming, L., & Jirimutu. (2022). Identification of selection signatures in
Iranian dromedary and Bactrian camels using whole genome sequencing data. Scientific Reports,
12(1), 9653.

Kijas, JW., Townley, D., Dalrymple, B.P., Heaton, M.P., Maddox, J.F., McGrath, A., Wilson, P.,
Ingersoll, R.G., McCulloch, R., McWilliam, S., & Tang, D. (2009). A genome wide survey of SNP
variation reveals the genetic structure of sheep breeds. PloS one, 4(3), p.e4668.

Lee, Y. L., Bosse, M., Mullaart, E., Groenen, M. A., Veerkamp, R. F., & Bouwman, A. C. (2020).
Functional and population genetic features of copy number variations in two dairy cattle populations.
BMC Genomics, 21(1), 1-15.

Li, G., Tang, J., Huang, J., Jiang, Y., Fan, Y., Wang, X., & Ren, J. (2022). Genome-Wide Estimates of
Runs of Homozygosity, Heterozygosity, and Genetic Load in Two Chinese Indigenous Goat Breeds.
Frontiers in Genetics, 13.

Li, R., Zhao, Y., Liang, B., Pu, Y., Jiang, L., & Ma, Y. (2023). Genome-Wide Signal Selection Analysis
Revealing Genes Potentially Related to Sheep-Milk-Production Traits. Animals, 13(10), 1654.

Liu, J., Shi, L., Li, Y., Chen, L., Garrick, D., Wang, L., & Zhao, F. (2021). Estimates of genomic
inbreeding and identification of candidate regions that differ between Chinese indigenous sheep
breeds. Journal of Animal Science and Biotechnology, 12, 1-14.

Mohammadi, H., Rafat, S. A., Moradi Shahrbabak, H., Shodja, J., & Moradi, M. H. (2020). Genome-wide
association study and gene ontology for growth and wool characteristics in Zandi sheep. Journal of
Livestock Science and Technologies, 8(2), 45-55.



W blSed g st g0 b e el S0 b sl 3 ] 3l o AP Sy bl

Pausch, H., Jung, S., Edel, C., Emmerling, R., Krogmeier, D., Gotz, K. U., & Fries, R. (2012). Genome-
wide association study uncovers four QTL predisposing to supernumerary teats in cattle. Animal
Genetics, 43(6), 689-695.

Remsburg, C., Testa, M., & Song, J. L. (2021). Rab35 regulates skeletogenesis and gastrulation by
facilitating actin remodeling and vesicular trafficking. Cells & Development, 165, 203660.

Serranito, B., Cavalazzi, M., Vidal, P., Taurisson-Mouret, D., Ciani, E., Bal, M., Rouvellac, E., Servin,
B., Moreno-Romieux, C., Tosser-Klopp, G., & Hall, S. J. (2021). Local adaptations of Mediterranean
sheep and goats through an integrative approach. Scientific Reports, 11(1), p.21363.

Shi, H., Li, T., Su, M., Wang, H., Li, Q., Lang, X., & Ma, Y. (2023). Whole genome sequencing revealed
genetic diversity, population structure, and selective signature of Panou Tibetan sheep. BMC
Genomics, 24(1), 1-15.

Sujit, K. M., Singh, V., Trivedi, S., Singh, K., Gupta, G., & Rajender, S. (2020). Increased DNA
methylation in the spermatogenesis-associated (SPATA) genes correlates with infertility. Andrology,
8(3), 602-6009.

Van Poucke, M., Sjoberg, A., Mattheeuws, M., Van Zeveren, A., Bouquet, Y., Chowdhary, B. P., &
Peelman, L. J. (1997). Mapping of the ATP2B2 and PCCB genes on porcine chromosome 13.
Mammalian Genome, 8(11), 852.

Wei, C., Wang, H., Liu, G., Zhao, F., Kijas, J. W., Ma, Y., Lu, J., Zhang, L., Cao, J., Wu, M., & Wang,
G. (2016). Genome-wide analysis reveals adaptation to high altitudes in Tibetan sheep. Scientific
Reports, 6(1), 26770.

Wiener, P., Robert, C., Ahbara, A., Salavati, M., Abebe, A., Kebede, A., Wragg, D., Friedrich, J., Vasoya,
D., Hume, D.A, & Djikeng, A. (2021). Whole-genome sequence data suggest environmental
adaptation of Ethiopian sheep populations. Genome Biology and Evolution, 13(3), evab014.

Xu, S. S., Gao, L., Xie, X. L., Ren, Y.L., Shen, Z. Q., Wang, F., Shen, M., Eypérsdottir, E., Hallsson, J.
H., Kiseleva, T., & Kantanen, J. (2018). Genome-wide association analyses highlight the potential for
different genetic mechanisms for litter size among sheep breeds. Frontiers in Genetics, 9, 118.

Yang, J. I, Li, W. R., Lv, F. H,, He, S. G,, Tian, S. L., Peng, W. F., Sun, Y. W., Zhao, Y. X., Tu, X. L.,
Zhang, M., & Xie, X. L. (2016). Whole-genome sequencing of native sheep provides insights into
rapid adaptations to extreme environments. Molecular Biology and Evolution, 33(10), 2576-2592.

Zhang, L., Wang, F., Gao, G., Yan, X,, Liu, H., Liu, Z., Wang, Z., He, L., Lv, Q., Wang, Z., & Wang, R.
(2021). Genome-wide association study of body weight traits in Inner Mongolia cashmere goats.
Frontiers in Veterinary Science, 8, 752746.

Zhao, H., Guo, T., Lu, Z., Liu, J., Zhu, S., Qiao, G., Han, M., Yuan, C., Wang, T., Li, F., & Zhang, Y.
(2021). Genome-wide association studies detects candidate genes for wool traits by re-sequencing in
Chinese fine-wool sheep. BMC Genomics, 22, 1-13.



	1. مقدمه
	2. پیشینه پژوهش
	3. روش‌شناسی پژوهش
	3. 1. نمونه‌ها و طراز خوانش‌ها به ژنوم مرجع
	3. 2. شناسایی و پالایش کیفی تنوع‌ها
	3. 3. ساختار جمعیتی
	3. 4. شناسایی نشانه‌های انتخاب
	3. 5. شرح‌نویسی ژن‌های منتخب

	4. یافته‌های پژوهش و بحث
	5. نتیجه‌گیری و پیشنهادها
	6. تشکر و قدردانی
	7. تعارض منافع
	8. منابع

