Detection of genomic regions under positive selection in adapting to high

altitude in Iranian sheep

ABSTRACT

Selective signatures provide information about the stages of evolution of different species, including sheep,
which lead to changes in their genome over many years. The aim of this study was to detect signatures of
selection in the genome of Iranian sheep in the highlands. A total of 58 sheep from 4 breeds, two breeds
scattered in the highlands and two breeds scattered in the lowlands, were genotyped using Illumina ovine
SNP600K BeadChip genomic arrays. Two statistical tests of unbiased Fst (Theta) and hapFLK were used to
identify the selection signatures. The results of Theta revealed 22 genomic regions and the results of hapFLK
revealed 15 genomic regions. Bioinformatics analysis demonstrated that many of genes had important effects on
adaptation to hypoxia conditions e.g. rheumatoid arthritis (TXNDCS5), hematopoiesis (FANCA), immunity and
fighting infection (LEF1, NMUR1, PTMA and COPS7B), regulating blood pressure and responding to pain and
inflammation (NMURL) and suppressing cancer (CD82, GAS8, PRMT1, B3GNT7). For example, TXNDC5 and
FANCA functional genes, which are located on chromosome 13 and 14, were relatéd to reacts to hypoxic
conditions and hematopoiesis. Also, genes such as LEF1, NMUR1, PTMA and_CORS7B sare effective in
immunogenicity and fighting infection. Study of the reported QTL in these regions of‘the sheep genome showed
that they overlapped with QTL of economically important traits such as corpuscular hemaglobin concentration,
hematocrit, traits related to meat, carcass, milk, body weight, bone density, and the‘tatal .naumber of lambs born.
Due to the fact that little research has been done regarding adaptation to altitude ianeep, the results of this
research may facilitate the identification of genes affecting adaptatiomsto altitude. However, it will be necessary
to carry out more association and functional studies to demonstrate the implication of these genes.
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:-L_'; %‘l
= §] b
:_\: o
o ™
“o B
=
S b
I ; b
i / t
= ’,J' b b
. b
b
1 ! T 5
01 00 01 02
PC1
& ol 5 Y li5)) )3 latinS 10955 JS SNP saoals 1 oaliims! b (PCA) ol (sailge 5JUT (pwlul y Ebilgas sty auigs ¥ IS5
) 005 031y ul*“ /w)sg i *—i’)l’uﬁj)’

N\

(8935 Blin 1! Seilo 980t om 3 9 (69) Fi w516 5y 31 000hil 3Bk otlih wolbf sl .\~

3 g 1390 03,5 3, 1y bl da 55 olKols VY ases > Sl o o3 um\ oylo] wlwl p e Hldges ¥ IS
..\.’.39.’ 03 69‘9 VO 9 W AaY & dbfﬁ)ﬁ"'ﬁ)g g9y 2 ‘5.]9‘.‘.0 L)"l aS ‘J.;.)?.f 4\.«.9)? )‘).9 L dlfbu»))l Jf /a8 S
292 Wipgige9,S (sanldihane s oy YL 9 oo alaxMe &5 jglailen

05

0.4

03

Win10Theta

0z

04

oo

001 2 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28
Fasition

0 e 20 e 30 = 40 e 50 e G0 e 70w 30 G0 w000 w0 w120 w30 w140

150 = 160 w70 w30 G0 e 00 ) e 20 s 230 w240 s 250 w260
sl gl 35 9 X jeme 59y g LSNP ogij cusboe 1ommly 9 YU g5, 13 (ylaiiuwsS 0535 baaw 43 LT WIN10 gla i3l &35 Y S0
aglic ;5 5 5l 8 15 el yp)) S AAAR Sito 5 & st iblio il 8 bl Las (oYL o Liblio .l ois 03l L& Y jgmo g9,

a3 )18 Q! Ban (1)519) polete ygo 4 ganty — gy 09)

TXNDCS ()3 (V' Jg2) €85 518 (oyp 3590 Bblie ol )3 028 ()15 slof eobal cos gblie (gLl 51
Lals” (Horna-Terron et al., 2014) &S’ o S5 yo0 SiamST o8 bl 0 1) Jolu 5uiSG a8 505 )18 VY pgjseg,S (<9,
&S Sygo ol 400)F o SimST oS 4 e & b 0 £l 10 5ol b Sl st doul w00 ienST s Hlid



b casbio g Jol” il il 4 50 g iyl (Ul pas g laome (3euST HLid LllS (ol ouiS sl ol el
ol Golate yoio g ol (SanST oS 4 So59le 38 Zuoly (Gale et al., 1985) wil o 550y (9> 50,5 53 (o0 slaj8
51 £l 5 05 sio o T B (50 s Jlh nlS ol o] CBlate Sl oS 5 gl b ST agelso
oilan) G5 L ol ol > BT o 518 o is] Jsloo (G558 )3 ootee G5 00 ol 2gbise o p VO b Sl
3 05 o) owexen (Crow & Kelman, 1973) coul sy wgpg slacsgae g cobs (lbyw wo )l ( Joko (opm
2 ok i VY pojeeg)S (g5, FANCA (Zhang et al., 2010) 35 0 ylo a5 i o) alad 5 0dxe )y (sl
TischkOWItz & ) 3350 95 b bafpn slaglog gl 5 GigeS o 35 05 onl 1 it Ao ) (silocys
olbyes g By iy 1 ol ol g Ml Stolie SusS pu g Cusl @Blg V0 poje09)S (55, CDB2 (5 (Hodgson, 2003
a3 o &yl 4y ol yw 0ybyd SeMbl 1 )i bwy of ol ole oLy omices (Entrez Gene) L o ialS
J(Adachi et al., 1996)

P9de sl 0F (nl 39008 S oo wdal 1) (gl S g cunl &Bly £ opgisag)S sh HADH
Ay ol 4 Mo Glhlew 0 Sloyd e 5l ol glgil & Coglio e slp e SOUE S5 el S HADH
obd aslinst (55 5l ol sud gl ((Kageyama etaal., 2011; Senniappan et al§2012) Wb sl jo
2 ol eSS 03,5 o B UsulS ol a2l G 355 IS 395 0 SsnS s );5 S JodS jdsen o
5 38 Sladsds ) IMS] amyy WS e Sy el a8 o JalSlis slo Tign & pmslSsen b
WYL clelas) ) Bl pl Yoome a5 24 oo piaseilisee slaphiil & Canlial, 5mdl ials Ccoge o Selon
\ .(Faramoshi et al., 2016) x| .

Tymosin al PTMA (5 .5 5ge Ciste b dblie o o5 oyl JEOPSZBY LEFL NMURL PTMA ysoxen alays
0de W81 Sllgs 5 oyl 3,80es 81,S5L Jgtue 45 coul ThYmMOsingFraction 5 Lol o 5 wSee (5,135 |,
(oS Ol pydiw jd 5 AS o Cugablas o sladl o 1y Jslod desl o5 o) (Wara et al., 1975) il o wgess
Goldstein, Asb bge Xlgi g0 58 by Gloyd ;3 5 ol FEBRed .Cuwl 5o B Cuild g 591y sbrcisas ¢ Juw «igas
oo s Sles (glyls a5 w3l o by Plo o Hlasl Jie 53 Mgy Sy NMURL 5 .(2009; Wu et al., 2015)
Slolo )3 Loges g Cuslygigeyon by 9 Slgll 1) el 0 S (9 Ui wilats (Blo wMas oLl dlex |l
sais,s (Brighton et'al., 2004; Torres et al., 2007) 355 0 by (0)ls5 olKiwd ;3 maw p VL L Jaowe uac
25 Sagul Slgiee (I (omas dlal g 03g) (ras dlobs 3)b jl &5 WS (o @al)E ] uilo () () (ovas
o5 (Torres etal., 2007) 5,15 @ :LQ(J‘ 90,0 & gl ) o5 cpl omicmen (et al., 2017Klose) sa> Sl 5 (29,500
2 OeenEyld G S el 5 0 LEFL (Ready, 2013) WS o W) ol & ids S & esl > COPS7B
5 Splee g Sl ol zaS5 5 213K 3 ol el ol 5 cul y900 Pl 15) 5 ookt sl sk (5,0
(& Xue, 2014Steinke) >l ids v les

(Latour et al., 2019) >)l> Ji& (gjxe 5 was (giby slag bual & cuwl #8ls ¥ pgjses,S (59, ARMCI
Lietal, ) uS o ool 1) (6580 (omas dblo jlo in ool piss g awsh (il asore Ay 4o 30 CHMPIA
5 s ;3 TUBB3 .(Mochida et al., 2012) &S’ o Wl i (! ,SOb (gl e g 4lS) H s oSy 53 puicron 5 (2008
G (5 ol 53 e 9 18l so Sl 2)5e ity )3 (iguST Culin 5 (61855 (gl 5 2, (1B mae dlloby (5110
alox 5l 5y 0900 228 was dlbolu pwlyw g 20 > CPEPL -5 (Tischfield et al., 2010) 54 o (s dilobs YN
G 0F crl 3 e S oo Wl BB 9)lU g (Bl ) &S 39800 8L (50l (598 235 ool 5 jidgnn (]SSl
gy 0068 Jled S lgie & 55 ALX4 (Naggert et al., 1995) 305 o o 5 S5 b pe jliwgen (ad Jlgb
= JsSsd My g desren Ay ) Cpitred Dgd oo ol by b s plil cladiles puiilie > bies 5 uS o Jos


https://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=3732
https://link.springer.com/article/10.1007/s10545-011-9441-2#auth-Senthil-Senniappan
https://www.nature.com/articles/nature23676#auth-Gregory_Garb_s-Putzel
https://link.springer.com/article/10.1007/s12026-014-8545-9#auth-Farrah_C_-Steinke
https://link.springer.com/article/10.1007/s12026-014-8545-9#auth-Hai_Hui-Xue

Panman et al., ) 54 0 35 pydnl 5 Gygo dasas Ay )0 W] s of opl 0 L D) Lid 50 g Cawyy sl
.(2004; Kayserili et al., 2009

035,50 s Sllges Sy aulats ;> Lol 55 VF VY clo pgjges,S 59y MCIR 4 BLOCLS5 [TCF25 (slay
9 (sl 0503 —olw) Mogy jiiw @dall )3 (cote GRE ()] (nl ) (o0 3B 90 9 Comgy GLBALSS) £95 32 ) ()9S Mo
Gebreselassie ) 39 oo Mol 5w Lyiul38l 4 yoie Jled (sl jins 05 ol )lobiy CuwgMe ;5 (3,57 30,8) iMegild
S5y 3 48 3yl JLEMCIR S35 ;0 TCF25 als 13l lylibiny jidey 5y MCIR 9 TCF25 alal, (et al., 2020
aex | Cawgy alsSSy > 55 BLOCLSS .(Xiaowei & Qing, 2020) 5)l> yids 5)5 4 bl (sloged dibwsS (yidsy
.(Rossberg et al., 2016) uib o 5> 09i5Mo 35550
Jb a8 Liud (LS p 0aS WS SRNA (gla 09,5 38,5 5l (SO (laiws o5 RNA L SNORA
SNORDS82 .(Wei et al., 2021) 5,5 i )il yw 3 logos SNORATS bloss il | Souglsar sla Jsho 1> pils
Mol RNA ¢4 pl A5 o Joo Sog8 (glaiun RNA pls Mol )3 &S ol 0aiS S e RNA J5850 S 55
29 o 0450l loialy RNA lais 4 oS cuwl SNRNA 5550 ol Jore 9 0,1 4118 g0 )8g0" Jol dr ;5 Vgare 00S
{(Galardi et al.,2002)

VPS9D1 ((Pan et al., 2018) GAS8 (Mathioudaki et al., 2008) PRMT1 (Carroll et al., %22) B3GNTV la s
05 -y i ooy glel > (McCormick et al., 2000) EXT2 4 (Guen ebal., 2013) CDK10 (Tan et al., 2018)
- Wl 8 sl (g3elsimw ;0 UB piocen ((Pleffer et al., 2014)0,1 jiss @AiS gie piigp CuaS S > SPG7
Skl o o i3 b EalS g 3l i ol el Jag ool RBly VYapdlees,S » PPPLCC 5 .(Gene Cards) .S

Zhang et ) 5,5 i (5y9 ook pS 5 puic 4Si p ¥ pojgeg,S g8y PDEGD .(Sinha et al., 2013) 59 0 5 i
\ (al., 2007

b Loy lio b iy LQTL ol Wilosd 03,5 50\ ol bl oo 3blis 3 45 LWQTL ¥ Jois 5
Slao @ 3 (22 gy b Olasuie (Hlyginl Claslslili Gy oS pled il @lY 5 CbsS b Slasuie
slagsj 38 9 BQTL (ol 392y 039 blo)lys g5le 056 2hasi 9 )90 slojST 4 Coplus (ludgy 20> 5 S5, L Loy
W)l &S 85 aon glgie Cunl () I98009)5 93 (i Dlho )3 g9 g gl S UL dwtwd 93 (pl 5> ey
ilbg g (ool g laphrdy  pol et & 2)S (oo pSU (LS GiSg g SB )3 d9290 polic g9y p (SH) S
5 et ol s ven Bale 3 5 il sla S5 & it e 15l 5,55 015 e o dace
g Olgizee )0 Guuss ‘L:aoly‘c;»lél)s 2 e o Mg o yol opl &S (McDownald et al., 2006) dgu oo 005> 4 50
N D9 (g 9 OloFiel Clasulie )3 5 (b (ol (g b (e

b o YU £l 1 )3 olaidsss 3 O Cod b Lol SBQTL g byj .Y Josa

TL NPT R .
< o3 Pb Cuxdgo 9599955
JUSaw

Milk fat percentage- Milk fat yield- Meat eicosapentaenoic ARMC9-NCL-PTMA-PDEGD- B3GNT7- ZYYYEVYOS) %

acid content- Meat linolenic acid content- Meat COPS7B-NMUR1- PRMT1- SNORA75-

docosapentaenoic acid content- Hot carcass weight- Worm SNORA75B- SNORD20- SNORD82- SNORA62 AARAE SR

count- Haemonchus contortus FEC- Change in hematocrit-

Body weight- Fecal egg count- bone density

fat weight in carcass- Total bone- Bone area- facial eczema LEF1- HADH- CYP2U1 —\YVA-VFF s

susceptibility- Hot carcass weight- Body weight - Lean meat

yield percentage WATIFYY

Milk Yield- muscle weight in carcass- Tail fat deposition PPP1CC- BLOS1S5- BLOC1S5.TXNDC5 —FATEAY . WY
FARSAYYD

Coat color- Fecal egg count- Dressing percentage- Bone SPG7- SNORD68- CPNE7- DPEP1- SPATA2L- ZVEYEVEYY V'

weight in carcass- fat weight in carcass- Total lambs born- ZNF276- VPS9D1- FANCA- SPIRE2- TCF25-




Nematodirus FEC MCIR- TUBB3 - DEF8- CENPBD1- DBNDD1- YAAF-5 -

GAS8-W5PZX8- SHCBP1- CDK10-CHMP1A

Entropion- Hind leg length- Staple length EXT2- U6- ALX4- CD82 ZVYYEYOAD \d

YYVIZIYa

ol ods 033 GLES T Jgis 3 gl g s pbool wlis s JJUT ¢ Gl cov ola s olad Shas yie Sy (6lp
5" 95 e djsSelS I sy dlanly b 8 5 Jo> dpadS g 4 Jsho Gl (sl jpne )3 o) o5 b (LS b
ol 92 5l gime /00 s ) eedS (g 4 (oo oly e La &S g e 3 T b (90 4ty JUas]
ok OB (S350 528 53 o el 10> S 393 )03 292y (S 9 b plasinl 3 o Cusl s gl pate ey
eelS 0l Sl sl Jsbos K055 €15 35 o ol 85 QLI 5 S8 53 55 ol pla Ol 4 el 32 35
oSl g3 9wy 8 S92y cladabe siledld 3 pats (pl & CE Glgi e ediee Syme 4 Johe b
b 5055 53 gl igarsh Ko ool oo o 35 cenlis sk g oo ply b 8l 35 Jsbo 55 52 ool
L s Blo 5 b8 ISl OMas  Sigde s clolal o e ol WS o Jos bl auas onmd ]
gy )3 30 5 Loy alols i ol 25 JsSijus abals b S35 oleMbl Ul (Rasmussen, 1985; Endo, 2006)
(Ridder et al., 2014) 15 o i) Ji85 55 by 5 K 3 JsSu s alausly b JUis] opizman 5 azsly L6 Ol &y

Wb o oSS gy dioyd 00l e sl de2 5l g eMSIMRLE (2 podmn a9 (g jSlS
Sl g )l 5l emedlieSlS 4 s 0 Slas Gl Gy 58 SesS Jese b b Vg Sl (gl
3 oyl dnog & e o JoSgon 3, SLaSglli o sy s8I0 S35 oslitl sl e (om0
S & (oDl jsSelS > Clys 05 dalss Saumgy S bl b (S L b Lo atas Mt b ablis (sl
2 e 90 5 Stslie g i Sl oAU el ol Jute S8l L 205 o 550 Jolo gl 9 05) 2 Lagilians
.(Dennis et al., 1999; Wong, 2005; Stowell et al,, 2015 ) siby 0 oo b (gylow 9 Mb)y 5 (A8 3551t g )b yus

Culo QLI Cod 3bLay o o1lwlinds G1B jams 9 (owlivd (und LT £ Jgor

L“Oj PValue ;5‘1)9)5'3" dub_&:j),t GO Term
CPNE7:DPEP1 Lo sndlS” 01 45 Jokus geusly G0:0071277
CHMPZA-SPIRE2 A JsSo g dawly b Jlaz! G0:0016192
B3GNT7-EXT2 . s modl3sSelS G0:0006486
W5SPZX8-DEF8 Ve ol (a0 Aty izl G0:0035556

N\
wlolo dxwys WA Bl o a5 cuol oad ool lis ¥ S 50 15 ool 1 ol cowsy SleMbl b 55 sloaSis
S |) Ol)lbo).e(a (9> Al )‘] e FLERENS S g Clw dhp].&.‘s] Lmo]pw’ ] .3)5 a)LJI';I ) C)]?ﬁ” ,JS.» |
(e Slge 0335 5 S g 308 sla S8 W (o ilisee (slaplul I cdadloe 5 coles (S (ol gl aim e
B g (Bb ke b daliee JKS gyl b lasuiw] Ll oS Tiie died cOL oo el col uiS o Jos
DS 1y Slggal cély a8’ 8l glsil 51 (S s Cow g (668 S e )0 5 (js S (pidred g Mud ol
8l 500 glgl i o (£)985 AY A (gdm dw JSb Lo 5 plotinl lagiinl 4 & cul Same CBl s o

1. Cellular response to calcium ion
2. Vesicle-mediated transport
3. Protein glycosylation

4. Intracellular signal transduction




o My Jlol o Sl pais b duaBae Cogr S o pleie e o i) lyhe e &Sl glaasuie Sl
sy 5 55 o Wl 550 5,8 US55 ot 15 s Jobo U514l o s 2 501 S5 L« pmpiilzo o515 31
S5 sl b e S (Sl Sl 18 53 T iopad s () 38 o pll Lo 3ply somes (052
ol Syd g 0 JolS lylro e JolSG Job 53 a8l ganl b cdSul LS . x5ga o ool cudad ¢ gl
&S caS g o (K jeb a4 .(Yang, 2013) ol S5k Seleil sl g by Joko 5050 sl sbe jl edlatwl b Sl
5 oles o Sl sla i s & oSl ISl wlobu LSt ¢l )lvo ppe i by 3)8 4 e sl Shg 5l (SO
alols S o pabas @b Cllgs (0 slbols Cyao @ 1) Soliwgenr wro J.:..J)é ool asly WS o Wl 1y ables
(Sl Lot ok o] ) oS @gd e £9pd (oendilie o515 51 ] Sl g canl 3950 sl pluil S IS
dgus oo J S pdlojlo o & el o Johw 1SS yomed olbdely lawg edSwl dawys X80 30l lgeinl JSis
.(Yang, 2009)

Sy g Bl 28 (Suj s> 3 i Al po &5 AS 0 Cogi | (Jol SO Sl S dng (iomen gljesy
g Hlid ( SSle i &S cunl olrgys Jolis oS cunl (SIS .\;J).é S s cwl gygpe mas Sl bl
mCSu; 2gh Wl el o b Jole slad oSl 4 v g b (S5 slaasly bawgs Wlg e g S 0 bl ) b ol <S>
Josk & yoxie WilgS o Sl (pl Db (o AL )3 b Johes ol 0500 b ok Jlisle )3 (i Jold (pizmen 05
Bidhendi et al., 2019; Duran-) 35 ljore sla Y & cdl & b s b o2 led (53,95 o ¢ S ecdly jas
.(Nebreda et al., 2021

Job 53 &S 039y Jlad pud gulio b eSS o Sy jlidlo ! 25/ [ahd oo lasuin b 4l opl 51 K (SO
LJ Lg)lf)'b 9 Ja&; )| u_o..\.s.\ L;b.»}i]‘ gd”_'»lg- L;Lmﬁ; )l o5 l> LY L;lmJ:ué o d)l.w)b Jb- 9D dlwgw 019.9- u?,u)
G932 9 092> (SRl LS o gy gl (Sl sl ol (59, (u)y oy 1Ty 0dd (siie igly > s lame
.(Mohammadi etal., 2018) 5 ls JalSGiwlid Cunsj 10 (2 YU Cuonl &S it S0 Hldlo dlolw 93 ¢ Hluls

EMoles g 1S oo Cullad lwaSs do 5 I ne yobo 4 ok plulid (gloy5 4 Canl o o3l Lis S5 oyl )3 2T o lel 5 aSd gl £ S
ol 0 03l L )08 b easiud

095 @b (3 Suilo 9l gut w3 20 9 APFLK gy 31 ool b Lot lailis abubish .YV



Al VO b s ol Cal odd ooy L (6, S0LE o ls o 3 hapFLK Colps wlal v yieie jlaged & IS5 50
ol Bl e g olwlis Qb glaailis lais 4 Ldgy a3 )5 1,8 hapFLK (sl 5l S A9/A0 Sas )3 a5 0585
291 VWegige9)S 59y Ll Ay o VL &5 Wload @Bly V0 5 VY & (slapgjses;S 59y » bl

12 N
11 i
10 ]
a !
L]
v . : |
z : o
= 6 i | .
g 5 I i .
[ | 1 i | o " .
o I > | Lk 1 L1 !_
3 H 1
it
z .
1 !
) . PR I ERFY [ — = -
01 2 3 4 &5 & 7 8 9 10 11 12 13 14 15 16 17 413 19 20 21 22 23 24 25 26 27 28

Fosition

0 e 20 e 30 = 40 e 50 e G0 e 70w 30 G0 w000 w0 w120 w30 w140

150 = 160 w70 w30 G0 e 00 ) e 20 s 230 w240 s 250 w260
3 5 X psme 59y » WSNP ogi5 cuusbgo 1l 45 e (omly 9 WU EW,1 45 GliidangS 3955 el )3 hapFLIK (sla i) &2 595 -0 JSo
) £yl )\)5 L dhaub)‘)l JS30 Sao o &S ain siblie 5,15 )l)§ slew] s <YL 45 L;a.\o (ol o0 odls oS Y)9>u &9 ¢ LQJ‘ s

il Splyd Ll Sae (515 Rlose jg0 a0 oy = (stuvgy 095 dunlie 3

Slogbyy (B Jgi) CEF 15 Ly 090 Fblie ol )3 0rd S slags bl cos sblie plulid I g
Pavlidis & ) auS” ololis Iy Sglatgesss sblie canl\ySan 5 541 Sglate (g)lol (sl 153 i hAPFLK o L5 (g bl
Bblie 358 o a4 B39y Sytdie ooihgd xl o b i ded o danMe 45 jgkailen Ll (Alachiotis, 2017
i (7 JS8) 298 ololid Slpl phidugSiy e 4 )5l b b)) ¢l 5 sl slag g o3
S 3ble o] pdgalulis 5 il Folis sl ilie laty b 51 &5l o (S i
o)l Jd (slacowd yah.(Grossmamet dl., 2010; Moradi et al., 2022) \isb o gl )90 Slao (gl (65 puine
\.\,3 031> g5 NapFLK o L5 (,lel g,y 99 b osds  olwlid S i sla 5 5,Shas

N\
N\



Theta hapFLK

|Test | n |Genes
Thets 20 | CHMP1A .DBNDD1. FANCA EXT2. SPG7.SHCBP1 .TCF25.SPIRE2.CDK10.CD82 .GASS8 .ZNF276.
begELK LEF1 .DEF8 .VPSSD1. CPNE7 .W5PZX8 .HADH .DPEP 1. SPATA2L

PPP1CC. TUBBS3. U5 .B3GNT7. PRMT1.MC1R .NCL. SNORAS2. PTMA ARMCS .SNORATS.
SNCRDS8 .BLOC1S5. NMUR1.CYP2U1 .SNORDS2 . TXNDC5 .SNCRAT58. PDESD.CENPBD1
.COPS7B.ALX4 _SNORD20. BLOS1S5

i

’Theta 24

[neeEti [2 [Accs.AccsL

o535 ailiw _a Ty gl sl 15 51 hapFLK ¢ Theta sjle] 93 lsy %J‘w

son clald (5o wygo SlofST 4 Cumlas
P EF 3 U9L°-’ S929 )fv‘w 09,5 9> w‘ » wa «shbu) 5 9 LRI (plg2g 039 bls)l 13 b Glasuie 5 ordalgie
Vb gl)) sl oy 3590 09)5 93 o Clao
i @l Glp 03 omslSeen (LIl s

loa )m £y L3l L e ol 3anS] opes i u@lf
583 4 9> Ol 4 3955 5 (S9ys Alel Sl g Wa) 3 3]

s d9d s wle Sl Jmlf ol g -‘ele.

Wloon, 2005) »

WS 43 Ol Cod auwd g lwlind SLQTL o k45 .0 Joua

TL RPRT! . .3 R
Q 0 PU Cuxdge £939095
JUSKw
ean corpuscular LEF1-HADH —\V)OYAY- s
bone- facial eczema
susceptibility- Hot carcass weight- Body weight- WAYavY .
Lean meat yield per
Coat color- Fecal unt- Bone weight in carcass- | SPG7- CPNE7- DPEP1- SPATA2L- ZNF276- ZVFYYEVAF VF
fat weight in carcass- Total lambs born- Dressing VPS9D1- FANCA- SPIRE2- TCF25- DEFS -
percentage- Nematodirus FEC DBNDD1- GAS8- SHCBP1- CDK10-CHMP1A- VRAVEYNS
W5PZX8
Hind leg length- Staple length EXT2-CD82-ACCSL-ACCS —YYYA-A\Y V0
VYO ASYY

ol o 0313 LS £ Jods > ol g b awyyp ol cov gl i sled Sles jing S (gl dun) s paanno
JGsl 5 J5Sasg danly b 55 5 Joo epinlS i 4 Jsbo gonly & g5t 221 (slbn 3 lnsj o8 o ol ool

1. Biosynthetic process



sk usly 5 (g5tosn Sl oo jpune sl laid 20 0 dlis Mo & Jguz 13 &5 polailen it J35 Sl (9, 4 d
ol 0 031> 8 Cuomnd > Olorusgr gy LSS U5 ol b by e 38T .05 a0l +/+0 o 13 (g)b xe padS g0 0
ot o] dilobs ;> palS 50 (Mohammadpour & Ghandehari, 2022) 1)l oo 38 Jolw dosl p (Sdmo dlge
Budinger & Hertl, ) 545 Joko (cla yiiSTg g ( soul 395) allasl ool cacl o 3L pdlie conl Koo g 3,15 ol 4
Shi et ) 255 Jgho (slagenl 53 sslaaus] (5 5 iy el Sl (Sam IS8 | oy (om0 13 5355 5 (2000

(al., 2004
Cudo ) Cow 3blo y» FXW ‘_dl.wb.w L YWV ‘;wl...w e ).ﬁ.\b‘ B W PXES
Beys PValue R du’-‘-;-’i)-é GO Term
ACCSL-ACCS ofey & g ]y G0:0009058
CPNE7-DPEP1 R dS 90 40 Jobeo by GO:0071277
CHMP1A-SPIRE2 it JsSosg dawls b Jlaz! G0:0016192
W5PZX8-DEF8 <IYA ol oy dtwys Jlisl GO:00385556
T o i F

Ly o 1oL elasyl b gblio o a8 Sl lacawsS jd Gl gladibis oWl cliwl) 0F ol (iugs (idoh oyl 5o
3] o Ll b 555 b Ll )3 DAl 3,50 303 015 BLlis (slas3 285 plosl it oo o W) 5
S a5 55 i ol 55 0 5 el 3,3 & gl gD ol e b ablie o ol stee) e 3hoist
O Ey b ke 0 g j0e o (o) BWb Caa a5 Gl e Curer 90 0 Cude Ll y 2165 Wide
aly dg3 blate ©lpsb byl opl cpoliw] (Koo g B3l cloads s oS So5elan i bays 5l Sy il e
¢y Olasudio o Jolw a8 gen clale liilan b Uies o8 slolids (sQTL (puisred g ol aidliss &S A
&S Wglate a6 b (38 las Llod 5l 5 Wlodd )5 5l calisee oLdlyas 5 Jaee bylypd & e cpl jo @llges 09,8
GLl b Lo callgics > Hlgiee G685 (nl slaoshy Sl (S job 4 sl (dhate 055 93 () (o 5 gl 3529

g5 0kl Sy L 65l i 5> (oSS sl bl 9 a2 g (bl (sladilob Sk 0955

S

ool A YANVE gl b 1 45,5 1 (INSF) 308 gl 5 oyRedimgy J Colos Gadivo (g3le Culen o il
..).))fgo Ls"‘b)” 9)5“») M§A U‘" Py U‘JW )l d..Lw:yJJa &S sl 00

&bo .f

Adachi, M., Taki, T., leki, Y., Huang, C., HigasMyama, M. & Miyake, M. (1996). Correlation of KAI1/CD82
Gene Expression with Good Prognosis in Patients with Non-Small Cell Lung Cancer. Cancer Research, 56(8),
1751-1755.

Akey, J.M. (2009). Constructing genomic maps of positive selection in humans. Where do we go from here?
Genome Research, 19, 711-722.



Akey, J. M., Zhang, G., Zhang, K., Jin, L., & Shriver, M. D. (2002). Interrogating a high-density SNP map for
signatures of natural selection. Genome Research, 12(12), 1805-1814.

Alberts, B. (2008). Molecular Biology of the Cell (5th ed.). New York: Garland Science.

Barrett, J. C., Fry, B., Maller,j. & Daly, M. J. (2005). Haploview: analysis and visualization of LD and haplotype
maps. Bioinformatics, 21(2), 263-265.

Bidhendi, A. J., Altartouri, B., Gosselin, F. P., & Geitmann, A. (2019). Mechanical stress initiates and sustains
the morphogenesis of wavy leaf epidermal cells. Cell Reports, 28(5), 1237-1250.

Biswas, S. & Akey, J. M. (2006). Genomic insights into positive selection. Trends in Genetics, 22, 437-436.
Bonhomme, M., Chevalet, C., Servin, B., Boitard, S., Abdallah, J., Blott, S., & SanCristobal, M. (2010).
Detecting selection in population trees: the Lewontin and Krakauer test extended. Genetics, 186(1), 241-262.
Brighton, P. J., Szekeres, P. G. & Willars, G. B. (2004). Neuromedin U and its receptorsystructure; function, and
physiological roles. Pharmacol, 56 (2), 231-48.

Budinger, L., Hertl, M., & Budinger, L. (2000). Immunologic mechanisms in hypersensitiv{ty reactions to metal
ions: an overview. Allergy, 55(2), 108-115.

Carroll, D. J., Burns, M. W., Mottram, L., Propheter, D. C.,”Bougher, A., Lessen, G\ M., & Kohler, J. J.
(2022). Interleukin-22 regulates B3GNT7 expression tohinduce ‘fucosylation of glycoproteins in intestinal
epithelial cells. Journal of Biological Chemistry;298(2).

Crow, T. J., & Kelman, G. R. (1973). Psychological effects of ild acute hypoxia. British Journal of
Anaesthesia, 45(4), 335-337.

Dennis, J. W., Granovsky, M., & Warren, C. E. (1999). Protein glycosylation in development and disease.
Bioessays, 21(5), 412-421.

Duran-Nebreda, S., Pla, J., Vidiella,"B., Pifiero, J., Cende-Pueyo, N., & Solé, R. (2021). Synthetic lateral
inhibition in periodic pattern forming microbial colonies. ACS Synthetic Biology, 10(2), 277-285.

Edea, Z., Dessie, T., Dadi, H., Do, K, T.\& Kim, K. S. (2017). Genetic diversity and population structure of
Ethiopian sheep populations revealed by/high-density SNP markers. Frontiers in Genetics, 8, 218.

Endo, M. (2006)."Calcium ionas a_second messenger with special reference to excitation-contraction coupling.
Journal of:Pharmacological Scien&s, 100(5), 519-524.

Entrez Gene: CD82 molecule™

Faramoushi, MiAmir.Sasan, R., Sari Sarraf, V., & Karimi, P. (2016). Effect of simulated intermittent altitude
on the metabolic .and hematologic parameters in streptozotocin induced diabetic rats. Journal of Ardabil
University of Medical Sciences, 16(1), 53-64.

Fariello, M. I., Boitard, S., Naya, H., SanCristobal, M., & Servin, B. (2013). Detecting signatures of selection
through haplotype differentiation among hierarchically structured populations. Genetics, 193(3), 929-941.
Fededa, J. P., & Gerlich, D. W. (2012). Molecular control of animal cell cytokinesis. Nature Cell Biology, 14(5),
440-447.

Galardi, S., Fatica, A., Bachi, A., Scaloni, A., Presutti, C., & Bozzoni, I. (2002). Purified box C/D snoRNPs are
able to reproduce site-specific 2'-O-methylation of target RNA in vitro. Molecular and Cellular Biology, 22(19),
6663-6668.


https://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=3732

Gale, G. E., Torre-Bueno, J. R., Moon, R. E., Saltzman, H. A., & Wagner, P. D. (1985). Ventilation-perfusion
inequality in normal humans during exercise at sea level and simulated altitude. Journal of Applied Physiology,
58(3), 978-988.

Gardner, J. L., Peters, A., Kearney, M., Joseph, L., & Heinsohn, R. (2011). Declining body size: a third universal
response to warming?. Trends in Ecology & Evolution, 26(6), 285-291.

Gebreselassie, G., Liang, B., Berihulay, H., Islam, R., Abied, A., Jiang, L., ... & Ma, Y. (2020). Genomic
mapping identifies two genetic variants in the MC1R gene for coat colour variation in Chinese Tan sheep. PloS
One, 15(8), e0235426.

Gene Cards. http://www.genecards.org/cgi-bin/carddisp.pl?gene=STAT.

Goldstein, A. L., & Goldstein, A. L. (2009). From lab to bedside: emerging clinical applications of thymosin al.
Expert Opinion on Biological Therapy, 9(5), 593-608.

Gorkhali, N. A., Dong, K., Yang, M., Song, S., Kader, A., Shrestha, B. S., ... & Ma, Y. (2016). Genomic analysis
identified a potential novel molecular mechanism for high-altitude adaptation in shee&at the Himalayas.
Scientific Reports, 6(1), 1-10.

Grossman, S. R., Shylakhter, I., Karlsson, E. K., Byrne, E. 'H), Morales, S., Frieden\, G.,. & Sabeti, P. C.
(2010). A composite of multiple signals distinguishes causal variants in regions of positive selection. Science,
327(5967), 883-886.

Guen, V. J., Gamble, C., Flajolet, M., Unger, S., Thollet, A., Ferandin; %, ... & Colas, P. (2013). CDK10/cyclin
M is a protein kinase that controls ETS2 degradation andyis deficient in STAR syndrome. Proceedings of the
National Academy of Sciences, 110(48), 19525-19530. \

Hancock, A. M., Witonsky, D. B.VAlkorta-Aranburt, G., Beall; C. M., Gebremedhin, A., Sukernik, R., ... & Di
Rienzo, A. (2011). Adaptations to climate-mediatedyselective pressures in humans. PLoS Genetics, 7(4),
€1001375.

Hoffmann, 1. (2010). Climate change in context: implications for livestock production and diversity. Edited by
NE Odongo, M. Garcia & GJ Viljeen, 33.

Horna-Terron, E.; Pradilla-Dieste, A., Sanchez-de-Diego, C., & Osada, J. (2014). TXNDCS5, a newly discovered
disulfide isemerase withha key me in cell physiology and pathology. International Journal of Molecular
Sciences, 15(12);,23501-23518)

Joost, S., Boniny, A nBrliford, M. W., Després, L., Conord, C., Erhardt, G., & Taberlet, P. (2007). A spatial
analysis method (SAM) to detect candidate loci for selection: towards a landscape genomics approach to
adaptation. Molecular Ecology, 16(18), 3955-3969.

Kageyama, T., Nagashio, R., Ryuge, S., Matsumoto, T., lyoda, A., Satoh, Y., ... & Sato, Y. (2011). HADHA is a
potential predictor of response to platinum-based chemotherapy for lung cancer. Asian Pacific Journal of Cancer
Prevention, 12(12), 3457-63.

Karell, P., Ahola, K., Karstinen, T., Valkama, J., & Brommer, J. E. (2011). Climate change drives
microevolution in a wild bird. Nature Communications, 2(1), 1-7.

Kayserili, H., Uz, E., Niessen, C., Vargel, 1., Alanay, Y., Tunchilek, G., ... & Akarsu, N. A. (2009). ALX4

dysfunction disrupts craniofacial and epidermal development. Human Molecular Genetics, 18(22), 4357-4366.


http://www.genecards.org/cgi-bin/carddisp.pl?gene=STAT

Klose, C, S., Mahlakdiv, T., Moeller, J. B., Rankin, L. C., Flamar, A. L., Kabata, H., ... & Artis, D. (2017). The
neuropeptide neuromedin U stimulates innate lymphoid cells and type 2 inflammation. Nature, 549(7671), 282-
286.

Kreitman, M. (2000). Methods to detect selection in populations with applications. The Annual Review of
Genomics and Human Genetics, 1, 539-59.

Latour, B. L., Van, De., Weghe, J. C., Rusterholz, T. D., Letteboer, S. J., Gomez, A., Shaheen, R., Gesemann,
M., Grout, M. E., van Reeuwijk, J., Van Beersum, S. E. & Miller, C. V. (2019). ARMC9 and TOGARAM1
define a Joubert syndrome-associated protein module that regulates axonemal post-translational modifications
and cilium stability. BioRxiv, 1, 817213.

Li, J., Belogortseva, N., Porter, D., & Park, M. (2008). Chmp1A functions as a novelttumor suppressor gene in
human embryonic kidney and ductal pancreatic tumor cells. Cell Cycle, 7(18), 2886-2893:

Lobell, D. B., Burke, M. B., Tebaldi, C., Mastrandrea, M. D., Falcon, W. P., & Naylar, R. L. (2008). Prioritizing
climate change adaptation needs for food security in 2030. Science, 319(5863), 607-610.

MacEachern, S., Hayes, B., McEwan, J., & Goddard, M. (2009). An examination, of positive selection and
changing effective population size in Angus and Holstein cattle pepulations (Bos taurus) using a high density
SNP genotyping platform and the contribution of ancient pelymorphism toixgenomic diversity in Domestic cattle.
BMC Genomics, 10(1), 1-19.

Mastrangelo, S., Bahbahani, H., Moioli, B., Ahbara, A., Al AbriyM:; Alfathen, F., ... & Ciani, E. (2019). Novel
and known signals of selection for fat deposition in domestic sheep breeds from Africa and Eurasia. PLoS One,
14(6), e0209632. \

Mathioudaki, K., Papadokostopouleu, A., Scorilas, A., Xynopoulos, D., Agnanti, N., & Talieri, M. (2008). The
PRMT1 gene expression pattern in colon,cancer. BritishiJournal of Cancer, 99(12), 2094-2099.

McCormick, C., Duncan, G., Goutsos, K. T & Tufaro, F. (2000). The putative tumor suppressors EXT1 and
EXT2 form a stable complex that aceumulatesiin the Golgi apparatus and catalyzes the synthesis of heparan
sulfate. Proceedings ofithe National Academy of Sciences, 97(2), 668-673.

McDownald, P. R., Edwards, JyF., Greenhalgh, D. & Morgan, C. A. (2006). Animal Nutrition.1st Ed. minerals.
760 p. N\

Mochida, G. H.;3Ganesh, V: $De Michelena, M. I., Dias, H., Atabay, K. D., Kathrein, K. L., ... & Walsh, C. A.
(2012). CHMP2A encodes an essential regulator of BMI1-INK4A in cerebellar development. Nature Genetics,
44(11), 1260-1264,

Mohammadi, H., Rafat, A., Moradi Shahre Babak, M. Shoja, J. & Moradi, M. H. (2018). Scanning the whole
genus to determine positively selected sites in Zandi sheep. Iranian Journal of Animal Science, 48(4), 533-548.
Mohammapdour R, Ghandehari H. (2022). Mechanisms of immune response to inorganic nanoparticles and their
degradation products. Advanced Drug Delivery Reviews, 1(180): 114022.

Moon, R. E. (2005). Clinical care in altered environments: at high and low pressure and in space. Miller's
Anesthesia, 2665-2701.

Moradi, M. H., Khaltabadi-Farahani, A. H., Khodaei-Motlagh, M., Kazemi-Bonchenari, M., & McEwan, J.
(2022). Genome-wide selection of discriminant SNP markers for breed assignment in indigenous sheep breeds.
Annals of Animal Science, 21(3), 807-831.



Moradi, M. H., Nejati-Javaremi, A., Moradi-Shahrbabak, M., Dodds, K. G., & McEwan, J. C. (2012). Genomic
scan of selective sweeps in thin and fat tail sheep breeds for identifying of candidate regions associated with fat
deposition. BMC Genetics, 13(1), 1-15.

Naggert, J. K., Fricker, L. D., Varlamov, O., Nishina, P. M., Rouille, Y., Steiner, D. F., ... & Leiter, E. H. (1995).
Hyperproinsulinaemia in obese fat/fat mice associated with a carboxypeptidase E mutation which reduces
enzyme activity. Nature Genetics, 10(2), 135-142.

Nasoori, A. (2020). Formation, structure, and function of extra-skeletal bones in mammals. Biological Reviews,
95(4), 986-1019.

Nielsen, R. (2005). Molecular signature of natural selection. Annual Review of Genetics, 39, 197-218.

Oleksyk, T. K., Smith, M. W., & O'Brien, S. J. (2010). Genome-wide scans for footprints of natural selection.
Philosophical Transactions of the Royal Society B: Biological Sciences, 365(1537), 185-205.

Pan, W., Zhang, N., Liu, W., Liu, J., Zhou, L., Liu, Y., & Yang, M. (2018). The long nencoding RNA GAS8-
AS1 suppresses hepatocarcinogenesis by epigenetically activating the tumor suppresso&GASS. Journal of
Biological Chemistry, 293(44), 17154-17165.

Panman, L., Drenth, T., Tewelscher, P., Zuniga, A., & Zeller;'R. (2004). Genetic int%ction of Gli3 and Alx4
during limb development. International Journal of Developmental Biologyn49(4), 443-448.

Pavlidis, P., & Alachiotis, N. (2017). A surveysof methods“and tools to detect recent and strong positive
selection. Journal of Biological Research-Thessaloniki, 24(1),1=17. \

Pfeffer, G., Gorman, G. S., Griffin, H., Kurzawa-Akanbi;sM., Blakely, E. L., Wilson, I., ... & Chinnery, P. F.
(2014). Mutations in the SPG7 gene cause chronic progressiVe external ophthalmoplegia through disordered
mitochondrial DNA maintenance. Brain, 137(5), 1323-1336.

Purcell, S., Neale, B., Todd-Brown, Ky, Thomas, L., Ferreira, M. A., Bender, D. & et al. (2007). PLINK: a
toolset for whole-genome association and population-based linkage analysis. The American Journal of Human
Genetics, 81, 559-575.

Qanbari, S., Pausch, Hg, Janse, S.,.Somel; M., Strom, T.M., Fries, R., Nielsen, R. & Simianer, H. (2014). Classic
Selective Sweeps'Revealed by‘Massive Sequencing in Cattle. PLoS Genetics,10, 41-48.

RasmussengH. (1985).Caleium IoﬁlnCalcium in biological systems, pp. 13-22.

Ready, S. (2013); Abnormal Growth of the Parasite Toxoplasma Gondii in Human Cells.

Ridder, K., Kéller, 'S;z@@ams, M., Rupp, A. K., Schlaudraff, J., Del Turco, D., ... & Momma, S. (2014).
Extracellular vesicle-mediated transfer of genetic information between the hematopoietic system and the brain in
response to inflammation. PLoS Biology, 12(6), e1001874.

Rossherg, W., Saternus, R., Wagenpfeil, S., Kleber, M., Marz, W., Reichrath, S., ... & Reichrath, J. (2016).
Human pigmentation, cutaneous vitamin D synthesis and evolution: variants of genes (SNPs) involved in skin
pigmentation are associated with 25 (OH) D serum concentration. Anticancer Research, 36(3), 1429-1437.
Samuel, S., & Gary, W. (2011). Polar bodies—more a lack of understanding than a lack of respect. Molecular
Reproduction and Development, 78(1), 3-8.

Senniappan, S., Shanti, B., James, C., & Hussain, K. (2012). Hyperinsulinaemic hypoglycaemia: genetic
mechanisms, diagnosis and management. Journal of Inherited Metabolic Disease, 35(4), 589-601.

Shi, H., Hudson, L. G., & Liu, K. J. (2004). Oxidative stress and apoptosis in metal ion-induced carcinogenesis.
Free Radical Biology and Medicine, 37(5), 582-593.



Sinha, N., Puri, P., Nairn, A. C., & Vijayaraghavan, S. (2013). Selective ablation of Ppplcc gene in testicular
germ cells causes oligo-teratozoospermia and infertility in mice. Biology of Reproduction, 89(5), 128-1.

Steinke, F. C., & Xue, H. H. (2014). From inception to output, Tcfl and Lefl safeguard development of T cells
and innate immune cells. Immunologic Research, 59(1), 45-55.

Stowell, S. R., Ju, T., & Cummings, R. D. (2015). Protein glycosylation in cancer. Annual Review of Pathology,
10, 473.

Tan, J., & Yang, L. (2018). Long noncoding RNA VPS9D1-AS1 overexpression predicts a poor prognosis in
non-small cell lung cancer. Biomedicine & Pharmacotherapy, 106, 1600-1606.

Tischfield, M. A., Baris, H. N., Wu, C., Rudolph, G., Van Maldergem, L., He, W., ... & Engle, E. C. (2010).
Human TUBB3 mutations perturb microtubule dynamics, kinesin interactions, and axon guidance. Cell, 140(1),
74-87.

Tischkowitz, M. D., and Hodgson, S. V. (2003). Fanconi anaemia. Journal of Medical Genetics 40, 1-10.
Torres, R., Croll, S. D., Vercollone, J., Reinhardt, J., Griffiths, J., Zabski, S., ... & Murphy; A. J. (2007). Mice
genetically deficient in neuromedin U receptor 2, but not neuremedin U receptor-1jhave impaired nociceptive
responses. Pain, 130(3), 267-278. N

Wara, D. W., Goldstein, A. L., Doyle, N. E., & Ammann, A. J."(1975): Thymosin activity in patients with
cellular immunodeficiency. New England Journal.ef Medicine, 292(2), 70-74.

Wei, P., Wang, H., Li, Y., & Guo, R. (2021). Nucleoalar small moleculéRNA SNORAT75 promotes endometrial
receptivity by regulating the function of miR-146a-3p and ZNF23./Aging (Albany NY), 13(11), 14924.

Weir, B. S., & Cockerham, C. C. (1984). Estimating F-statistics for the analysis of population structure.
evolution, 1358-1370.

Wong, C. H. (2005). Protein glycosylation: new challenges and opportunities. The Journal of Organic
Chemistry, 70(11), 4219-4225.

Wu, X., Jia, J., & You, H. (2015). Thymosinalpha-1 treatment in chronic hepatitis B. Expert Opinion on
Biological Therapy, 15(supl), 129:132.

Xiaowei, W. A.,"& Qing, M.A. (2020). Genome-wide association studies for coat color in Tan sheep. Acta
Agriculturae,Zhejiangensis, 32(1),&8.

Yang, Y. (2009). Skeletal anhogenesis during embryonic development. Critical Reviews™ in Eukaryotic
Gene Expression, 19(3)¢%

Yang, Y. (2013). Skeletal morphogenesis and embryonic development. Primer on the metabolic bone diseases
and disorders of mineral metabolism, 1-14.

Zhang, H., Li, S., Doan, T., Rieke, F., Detwiler, P. B., Frederick, J. M., & Baehr, W. (2007). Deletion of PrBP/3
impedes transport of GRK1 and PDE6 catalytic subunits to photoreceptor outer segments. Proceedings of the
National Academy of Sciences, 104(21), 8857-8862.

Zhang, L., Hou, Y., Li, N., Wu, K., & Zhai, J. (2010). The influence of TXNDC5 gene on gastric cancer cell.
Journal of Cancer Research and Clinical Oncology, 136(10), 1497-1505.

ABSTRACT

Selective signatures provides information about the stages of evolution of different species, including sheep,
which lead to changes in their genome over many years. The aim of this study was to identify the Selective
signatures in sheep in the highlands of Iran. For this purpose, Illumina ovine SNP600K BeadChip genomic
arrays of 58 sheep from 4 breeds were used, two breeds are scattered in the highlands (Lari Bakhtiari and



Afshari) and two breeds are scattered in the lowlands (Karakul and Siah Kabud). Unbiased method of Weir and
Cockerham’s FST (Theta) and hapFLK was used to detect the selection signatures. The results of Theta revealed
22 genomic regions on 2, 6, 13, 14 and 15 chromosomes and The results of hapFLK revealed 15 genomic
regions on 6, 14 and 15 chromosomes. In general, in these two tests, there are many genes with different
functions, such as genes affecting adaptation to hypoxia conditions, hematopoiesis, immunity, fighting infection,
regulating blood pressure, responding to pain and inflammation and suppressing cancer. is identified. TXNDC5
gene on chromosome 13 reacts to hypoxic conditions. FANCA on chromosome 14 also plays an important role in
hematopoiesis. Also, genes such as LEF1, NMUR1, PTMA and COPS7B are effective in immunogenicity and
fighting infection. The results also showed that the identified QTLs are related to important economic traits such
as cellular hemoglobin concentration, milk, meat and carcass characteristics, hematocrit change, body weight,
bone characteristics, color and percentage of body cover. Also, the areas under selection were related to the
pathways involved in the biosynthetic process, cellular response to calcium ion, vesicle-mediated transport,
intracellular signal transduction and protein glycosylation. Due to the fact that little research has been done
regarding adaptation to altitude in sheep, the results of this research can provide useful information regarding the
genes affecting adaptation to altitude. Anyway, in order to identify and examine the identified genes and QTLs
more closely, it is necessary to carry out more studies.



