Detection of Selective Sweeps in Iranian Native Cattle Using High-Density
Genome-Wide SNP Data

ABSTRACT

Domestication and selection pressures have left specific genomic footprints known as selective sweeps, reflecting livestock
adaptation to specialized production goals and diverse environments. This study aimed to conduct a comprehensive high-resolution
genome-wide scan to identify genomic regions distinguishing dairy-type from beef-type native Iranian cattle. A total ofi90 native
Iranian cattle from eight breeds (Sarabi, Kurdi, Mazani, Taleshi, Sistani, Kermani, Najdi, and Farsi) were genotypéd using the
[llumina BovineHD BeadChip, and the resulting genomic data were analyzed. Animals were categorized Yintofdairy type and
beef/dual-purpose type groups. After quality control, 278,667 SNP markers were retained for final' analysis. Seleetion signatures
were detected using pairwise Fst comparisons with theta (6) method and a 5-SNP sliding window (WinS)approach. The comparative
genomic scan for selection sweep revealed potential evidence of divergent selection, identifying 23 signiﬁcant genomic regions,
with the highest concentration of signatures on chromosomes 12 (five regions), 8 (five regions), ar@ 13 (four regions). Win5 Fsr
values ranged from 0 to 0.21. Functional analysis revealed 29 candidate genes including \PLIN2 (lipid metabolism), RIMS1
(fertility), SLC24A2 (stress response), and GLP2R (energy metabolism). The identified regions showed significant overlap with
documented QTLs for muscle growth, fertility traits, and milk composition. Despite theyabsence of industrial breeding programs
in Iran's traditional livestock systems, centuries of human and environmental selectiomiptressures have left deep genomic footprints
in the genome of Iranian native breeds. This study provides a comprehensive map%ef selection in Iranian native cattle, offering
valuable insights for developing sustainable breeding strategies and preservingyvaluable genetic resources.
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Extended Abstract
Introduction S

Despite the growing global intereét in indigenous livestock populations as reservoirs of genetic
diversity and adaptive traits, Iranian fhative cattle remain considerably understudied compared to
their European commerciale€ounterparts. Understanding the genomic basis of production trait
differentiation in these, locally adapted breeds is essential for developing sustainable breeding
strategies, preserving unique genetic resources, and ensuring food security under changing climatic
conditions. This re\se‘arch addresses the critical gap in knowledge regarding the genomic basis of
production type‘differentiation in Iranian indigenous cattle populations, which have been shaped
by centuries®f natural and human-mediated selection in diverse environmental conditions ranging
from cold mountainous regions to hot arid deserts and humid coastal areas. This study aimed to
conduct a comprehensive high-resolution genome-wide scan for selection signatures to identify
genomic regions that potentially distinguish dairy-type from beef-type native Iranian cattle.

Material and Methods

This study utilized genomic information from 90 native Iranian cattle across eight distinct breeds
including Sarabi, Kurdi, Mazani, Taleshi, Sistani, Kermani, Najdi, and Farsi. The animals were
genotyped using the Illumina BovineHD BeadChip, which provides high-density coverage with



777,962 single nucleotide polymorphism (SNP) markers with an average spacing of less than 3
kb. The animals were categorized into two groups based on traditional production objectives: dairy
type (Sarabi, Kurdi, Kermani, and Fars breeds) and beef/dual-purpose type (Sistani, Najdi, Taleshi,
and Mazani breeds). This classification reflects the historical selection pressures applied by local
farmers in different geographic regions of Iran, where northwestern breeds have been traditionally
selected for milk production in colder climates, while southern and northern breeds have been
valued for meat production and physical strength. Data quality control was performed using
PLINK version 1.9 and the NAM statistical package in R software. Initially, animals with~call rates
below 95% were removed. Subsequently, SNP markers were filtered based on three main Criteria:
call rate, minor allele frequency (MAF), and significant deviation from Hardy-Weinberg
equilibrium. After rigorous quality control, 278,667 high-quality SNP markets were retained for
final analysis. Selection signatures were detected using pairwise Fg comparisgns employing Weir
and Cockerham's theta (0) method, which accounts for sampling errer and differences in
population size compared to the base method. To reduce gandom noise and enhance signal
detection, a sliding window approach of five adjacent SNPs (Win5).was applied, and regions above
the 99.9th percentile of the empirical distribution were designatéd as selective sweeps. Candidate
genes were extracted using the Biomart tool from the Ensembl database. Functional mapping of
candidate genes was performed using NCBI Gene and 'GeneCards databases. Additionally, the
Animal QTLdb database was used to identify overlapping QTLs and classify them based on
associated traits, providing comprehensive funetional annotation of the identified selection
signatures.

Results
N
The comparative genome-wide scan between the two production types revealed potential evidence

of divergent selection, identifyingg23,significant genomic regions across chromosomes 7 (two
regions), 8 (five regions), 9 (twe regions), 10 (two regions), 12 (five regions), 13 (four regions),
and 19 (three regions). The'highest concentration of signatures was observed on chromosomes 12
(five regions), 8§ (five regions), and 13 (four regions), respectively. Win5 Fst values ranged from
0 to 0.21,_with a, significance threshold of 0.18 based on the 99.9th percentile. The high
concentration of sgle‘ction signatures on chromosomes 8, 12, and 13 likely indicates key roles of
these ehromosomes in genetic differentiation between dairy and beef native Iranian cattle,
consistent with previous studies that have identified chromosome 8 as an important hotspot for
traits related to muscle growth and environmental stress resistance. Functional annotation of the
significant/regions revealed 29 potential candidate genes covering a wide range of biological
functions. Key identified genes included PLIN2 (perilipin 2), involved in lipid metabolism and
formation of intracellular fat droplets, previously identified as a selection target for milk fat and
carcass quality in studies on Yaroslavl and Holstein cattle. CPD (carboxypeptidase D) was
associated with proteolytic processes and protein maturation, playing a key role in metabolic
efficiency. GLP2R (glucagon-like peptide 2 receptor) and GRHPR (glyoxylate and
hydroxypyruvate reductase) are involved in energy metabolism and glucose homeostasis, critical



for survival during seasonal food scarcity. RIMS1 (regulating synaptic membrane exocytosis 1),
identified in selection signatures, has been previously associated with fertility traits and conception
rates in Holstein and Indian Kankrej cattle. OGFRLI1 (opioid growth factor receptor like 1) and
NTNI1 (netrin 1) were observed in significant regions and are involved in growth and reproduction
pathways. Additionally, solute carrier genes including SLC24A2 (sodium/potassium/calcium
exchanger) and SLC39A11, along with genes involved in vesicular trafficking such as GOSR1 and
VPS53, were also identified, playing roles in cellular adaptation to environmental stressors. The
significant overlap of identified candidate regions with documented QTLs for growth*andsbody
weight, milk composition, milk yield and milking speed in the Animal QTLdb provide.the \?alidity
of our findings. Specifically, chromosome 19 showed a remarkable concentration ofQ¥Ls for milk
production traits, protein percentage, fat percentage, and milk yield, consistent with findings from
commercial dairy breeds. Chromosome 8 contained a wide range of QTLs fro\m milk’composition
traits to body dimensions, indicating the importance of this chromosomedn differentiating beef
and tropical breeds. The extensive overlap between selection signatures and economically
important QTLs likely indicates that even in the absence of modern,breeding programs, targeted

selection has led to significant changes in allele frequenciessef production-related variants.
N

Conclusion

The findings suggest that despite the absence of industrial breeding programs in Iran's traditional
livestock systems, centuries of human and envirenmental selection pressures may have left deep
and detectable genomic footprints in the genome of these native breeds. The clear differentiation
between dairy and beef groups across 23, divergent genomic regions suggest that selection for
production traits may has shaped thepgenetic structure of these indigenous populations. This
characteristic makes these breeds imyaluable genetic resources for coping with climate change and
adverse feeding conditions!® Thisr€searCh provides a genomic map of selection signatures in
Iranian native cattle and may befuseful for conservation programs, marker-assisted selection, and
ensuring food secugity under changing climatic conditions. Investment in indigenous genomic
research and consérvatien of these breeds is not merely a scientific priority but a strategic necessity
for the sustainability\of Iran's livestock systems.

.
Author €onfributions

All authors contributed equally to the conceptualization of the article and writing of the original
and subs€quent drafts. All authors have read and agreed to the published version of the manuscript.

Data Availability Statement

The data that support the findings of this study are publicly available and were obtained from the
Dryad Digital Repository. The original genotype data used in this study were generated by Karimi
et al. (2016) and are accessible at the Dryad database (https://doi.org/10.5061/dryad.nq189).



https://doi.org/10.5061/dryad.nq189

Ethical considerations

The authors avoided data fabrication, falsification, plagiarism, and misconduct.

-
.

.
. s



SV 5155 b (6 ,KLi5 slaosts 31 ooliiwt b o 3 009 SSL 48 Wb AL luliss
SNP (o g8 3k

oWS>

4

L el (o) 5l oaimd bl o5 wlawslis cls i (selective sweeps) Glscsl glaailis pbay wasuin og5 lbbd) ¢ 25l (oo, lid gygilo Jal
()5 cstlp) 21 it ol ogr 8 ol A pags oMbl b8 plol 1365 e Sl sy e b ol (oot (slaglS S flao ol
U5 3l G 28,5 LB Lyt 3y50 bidsy 003 i) (s [lumina BovineHD asls b o8 (ylb 5 (00885 ¢ sbo)S o St oilb  l5lo
Gilylgan 5,550y L LS by & FsT 2o dunlis | odlitwl b Qb glalis plelis .uule (8L ol Jdoo (HSNP S YYASSY uasS

Slopsises)S Sy BALL S yed (i & )5 glulid 1) Jl5 dre 095 dllale YV g} (glduslio Siyo -\: Pl (Win3) (6,5l & o ox,
ol Jlassl Lyl 55 Y (0)Slos wyyr D90 pusiio +,¥Y U+ 5 WiInS Fst jolie .cuily )18 (ddlaio Ylon) VW g (ddlaio giy) A ddlaio i) VY

Oolpl i gla pld > (g)ls (ol B Mol (sladol y deng pie v ple il b loSTEmg, AT SMae Wiy (gl diwe b QTLL (g)ld oize
.z e e . e » " .. L.
5l ol AdE g Q-.’.l Gl azsliS gl> Olﬁ.l PP ENY PPI ) oS (P95 by, )8 Job jd (b 9 (Sgiuae u.gbc‘b\ slo,lis

Db @ly Mo Jad )l (Suj wlie bais g )lul (15 el (slod yualy g8 (gl Wil 0 45U o L)) Gl pl o0 slaglS > Sl

Fst bl sl 6 o ogs slodlts 15" 10519 0nlS

. AoWio .Y

loglodgy (Sl 9 (Sl & le ST Tagnly Olsisar 5 3, alaysls )5 (63,54 paio Ll Cusbo o)
Ol Canl ol o o daxie (clIS (@05 S Coge ollyas g4 oyl . (Karimi er al., 2016) Cuwl 03)S" Jos o calises
s b ads oo L, Sluass gblis 5l (55055 5 wad bl b )55l Jlo gl (b (cos: (slacuner

.(Ghoreishifar et‘al., 2020) wlad )3 IS« pe G g g Suid 9 0,5 sl by o el Gobye Jdine (ol
.
)8 oolatnl 550 eygliionis > b oojslaiogy Gllas lasdy atdlS gla ()8 0 eg syl ¢ ciw (59 ymeld slapllas )

o 090 T L (Sorbolini ef al., 2015) Ko, o wlyd (555l S (sl LS (S 5 CudsS b o Llath S
Wile 2l le (sl cunl 03] 08, 1) (Fglite g lacaglyl (pasiie ladlats Bl glajlis (ST slaisananas
@2l a8 Jb > clansly (gynb (o Sy sly @ nas GBI Vb oldlir (oye b oy slalese 13 (63,5 5 ol
bl ST blosgy eyl (Bpbogiz Sutd 3blie 13 (S5 (S99 CudsS W 2Ulg sl (tuw yobodr (Sl Ai3le
sbol) udsS adg5 plp )3 ped M5 sl (S8l QBel & 39 o il cilos S i 1) (e (6) 5o Sl (2 VL o (o5
(s095) o9l g (5 d) st nlitle Wile ()5 (slacunes ;3 (Zhao er al., 2015) 13l 3l slo p pasie (o955

Boitard) Cawl 005 Lo Ls"9> & Slas u:l u.i.u&) LS)L""“ 9 Cwl JA‘S L)n; @1)§ua.«a.>u45 odg D.))Afi.é LS)J.%J ul}wl



d‘ﬁ cJJSUA )JLQAA R )l |) LgJuJy dl.bw L)" LY L§°9J) d.'oLw u.:LwLw: (PP L;Lb9l§ B .(et al., 2016; Druet et al., 2013

Sr9r8 ul Mg it Glomes (dowe buzme )l oS Jaalyd )3 dSly (eguan Ol 4 g poif Gl (KgSe Sy
[(Peripolli et al., 2020) ssb 0

(Qanbari ef al., 2014) cul Sl Gl lolid g b bgye cacglis ol Jolge slive aiS el Lol i3
98 05365 (oo B Sl Bum g — alae poe il dr g b W5 dgue da T B3 £ Medge ik S & (oBUn
(Genetic hitchhiking) « S35 25 o]y ol 4y (glossy ¢ Jlgly8 oo pal Bl ol b o (ol Bl e S Sl g
m9e GialS 4 oxie g €Ngd o 00ndSH Cgllae byl b oljen ¢pgle adlnigy (S sla ol ;5 a8 35 e bl |,
Druet et al., 2013; Nielsen ef al., ) g o Ban oS> GBlybl (3 (LD) (Siwgw ol pas™ o gize u.w‘:.‘?‘ § S e
sk & Canl (pog3) sbolio (lulid jlate 4y (OBl glaailis (gl (cogiipled gy S plsl (Shagly (Lol Ban (2005

A o lete (1595 oo 1) BEE L ] os slaglS esily
93 A ¥

b 3
Sloj € sla ailior 58 puends alisee sladind & le o oBholagly Cud g dbs o wlel p 1) Gl gla ailis
il caisbla pais Gl Jols «p 5 ola ali» oS Jb 50 dgypes i Sl Cuow 4y diodguw bl S a8 wind 0 &)
Gl 3T ol g6 ogipled (gl Lo L (Rajawat ef al., 2022; Rowan ef al., 2021) Cul 39350 $oi5
sloolol Jolis zuly slad ;g 05,05 I8 @ b wiliss oyl oLile (8lps 1y 565Ls5 (glol (glaylno g5 o o) Skt (SNP)
Wle red cp (sl ylme 5 S o ololis |y plosl B o b 8] Clsesl a8 (IHS) a LSS adshla 0405 Ale  res (490
N\

pasdie |y log S (o 1Sy ool & (XP-EHH) (Smorr e 4L S (oighles (swsSojoen () b (Fst) Cons a3 Ls
Cbl 4 peis Fuoly 51 YL SSas )8 b glddanls g, oyl (Utsunomiya et al., 2013; Zhao et al., 2015) uib g0 1S o0
Fabbrieral., ) 5jlo o oo |y S gdlodomn Slio lupj (o) Gloyme 9 286 lap)] ololid (Sl 5 135 oo wal 3

2025

(g5l e opledle anle ()l sladli ool slailits (Bl (ol egipled slastug Sl e s B (i oyl 4 b
alos 51 Prwlie Sy LS\W ojg s (Boitard ef al., 2016; Mariadassou ef al., 2020) cuwl 039 35 yas0 (pisea) 9 (5j)>
o 5 B3 £yl )l cumen cul ) as b b pe 5l Lt oo Cuibge b o o5 pois Voo 0oy
Druet e ) 515 K31 1, (double-muscling) cacliae asuale oy (¢lp MSTN g i AJg5 (gl DGAT1 sl (sl
Lol iz g iy ,81 )5 o (slacunes 4 (slodils 4> g5 4> 31 (al., 2013; Hayes & Daetwyler, 2019; Kambal e al., 2025
Ben-Jemaa et al., 2020; Venkatesan ef al., ) Llodds aw)yp yieS 255 B job & licxed lpl 05 (sloglS ] onis

(2025

Sy wlid gy Y



S i (Suudib g b diged N Y

Lol pl umes sl adlles (ol (Vo VF) L2 g (00)S addllas 0 &S il og sladlp og5f SleMbl dalllas (pl 5o
asllas pl y> (Karimi ef al., 2016) s osliwl 39y (wyiwd )3 1) &gy Dryad  SleMbl oL, 5 040 00 ool
V) g ) (235 4¥) (5355 {1+) e 403) (o Jol) ol clin bl 1 o 58 315 i 51 ol ol 8-
St slacs U aBS i Jlad (SliunsS dpu ble ) glite ol 255 b (@)oo 5 (V) o 3) (oles
(Mg oLl sla LS o) yglate 4 (Karimi e al., 2016) 505 (613 paiges 35 (ol Cgboyo (g5 g Co3@rime S

L0 s Lol 09,5 53 45 sy Blanl Pll yy ool
)

c‘_s.;b») LgL{bW Juolw Pt W ol goo J..Jy g.,«.é)b 61).: o )9L>c\; FLY D92 L;:L(b)l)) JAL» 09/5 U" HE Y D e 09; A
Tl Gl s

3390 oxsingd Mg clsiets b s W5 (sl (gt bty o8 350 oI5 o 00)5 o eyslitogyl 208 S 03,5 Y

(Slile 5 (b (5208 gl (g lacunen Jols 1 S o 1,8 03litul
S
B 031 Cuis J 5 Y-V

L iy &5 43 plosl (Ilumina BovineHD BeadChip) (cs (ol o515 L colo adlys jl oslil b cllgs (aigiy s
o3l yilpg dls yo 93 IS o waly3 5LokS ¥ 31 yzaS alols L (SNP) (suoilS iS5 JSibin ;0L YWYASY Lols YU o515
£ 45 olapls Jgl Uspe 53 i a R 58le 5 50 NAM (g leb iy 5 3,) dskus PLINK 3810 55 5 ool by oS 8
5 S Sledls g5 as ld Lol Jlae dw (wlul®y SNP ola ,Silis dn dls yo 3 350 B> aizdly 720 1 a8 Slgsl
2955 SNP sl S5Lis o5 .(P<0.0001) {ﬂglg—da)m Joles 51 ls gme CBlysl g co o 51 a8 (MAF) job I Slglyé /A
Bl 5y gin pj L (Y 9 X) iz Blapgjong)S 2 ly sla)SiLis & o > ciad Lads oadaidlid o9 Cliaisa L
D98 (65 gl QL] o yiagy ) ot I (B (S g S I U S

v Sl ol dilis bl P

\
‘)139) c\gFST d‘.lb ufu))l )‘ adlawl b ‘;‘9 ubr.u‘ dLﬁ QLo u)b.)) d]); Fst ‘_54.9.3- Am.,l.n.o )I o létul L: ul.z.ul ol L;oy) u>]9a

CaeS dl;:\{ (Wright, 1965) 4 jbs, 4 Cas b5 5o, (Weir & Cockerham, 1984) i plosl (6) plo)SsS o o
o 5 )3 1) A 4SS 4 Camer ojlal Slaglis o (5l piged (sllad ccunl ol iy pa (9315 (Slvog)S (S oled
23l (35 1Sk L (Win3) (6,0LE5 8 0o (gilajlgen 3,09y ( JiSuw paseds (hl3él g (lad g phals’ lp 2,8
QL] (e (B o) plgis 4 W85 )13 055 @i deyd ) VL 3 o dble g e Jlael jgloxe SNP gty

03,5 Sl Jol g sl Sl ials’ g Ol o JUiSew o s98 (ololis Ban b sl ol

il codd (D19 30 Wl sy § 9 BOQTL b F—Y



e 4655 3] (sl Sk B0+ 5 CansVL sl B+ Joli) U S, Jgb 4 slodgine ol sine (so 4aio ya (o
odlaol b (g3b Ko S adlaio (pl )0 09390 (slogs g 03> Lidgy (Siwwsn ol pas ghyls (sle Ul a8 )3 jlas 5 )
NCBI kol 5l oolaiwl b w8 sl 5 (60,hae ol il gy 05 gl )5l Ensembl ools o151 Biomart )3l
sQTL oluli cus Animal QTLdb ol 5l cpicren 285 plowl bij  ids p8L (¢ly GeneCards ¢ Gene

A5 odli] sy Slaw bl p ol gavains g s xe (g ol 0aiS Sligen

o g g 3 SLasL.. Y
s ) s\ ¥

olélyssl o (MAF>0.05) o6 I Slgl )3 ‘(aa/. il S Sledlyé &5 olwl y SNP SiLis WVAF: adol Fiee cuiS s
&S ol g )5 (oSl Bls 5l L 8,3 18 585 gl yild cos (P<0.0001) SEolg— oo)la ol 51 ls ime
b egf olod Juod g 430 sl e Goly VB ST YL CcurS LSNP ,SOLES YYASEV, (il onds adlid sog595] oliaisns
—sla ol s MAF (Jlsdl 3 &5 sl adls ool o YOO+ FYFY FYAS -Vl iy a4 gl SOl olaws 5 .ous

S
W540)5 Bl c00j58l Slangiges)S 9y bl ghyd I 4w (gla LIS 4 5 BAS Bl Syl

R gl ailid bl ¥ —F

Ohalel z90g 41 95 (slopgige,S pulpw 1o 1) Ll slaelol 555 obusl slailis o3 IS gy J| Jeol> yiaie Jloges
Sle (g3505 jyee 9 Ao slapgises)S (g9 SNP gl LS capmbge (S0l (X) (] jome O JSS ) () JS5) s e
) A dddlaie 93) Y (slopgises,S 5 ogil op i ablate YY cusl asuis S5 ;0 45 shilen .05l e Win5 Fer oo
848 (ololid (oYL (15) Fst (55,11 (alatagdlo) V7 (adlaie jlez) WY fadlate o) VY ((adlaio 93) Vo fadlaio 93) % failate
(et sloz) W' g (adlaio o) Ay (adlalo i) VY (slapgjgagsS 4 bgiye iy lagine Bblie dlasd oyt () JSK3)
g D392 I ine adlatetaw L1 VA lapgigeg)S g adlate 93 Sll> Pl e Ve 9 A Y slapgigeg)S ¢ hilie )3 il
P laals SYLS il o (555 2 03 308) 5 o sl 151y Sl i 155 (0 o ki
S Sl (o BT le )3 bapgjseg)S cul (oS A 5 (S (addaie ez 9 @y L) W 9 Y A slapgjses)S 55y 2
i U cwdh e o cul dadl nl ggite (cadldl 5 (oldlyin STy & rgi b ol ool bl ) (og (2055
oxim3 s YU ] o olulis Gbs] eloilis ooplpl bl 55 Jae Ll b ()85 (sl (ommbs b5l orimssbijl
oS S8y s (s Slao dgue (sly) (egian il g (wall b )55le ) (rb QB I S 5 JUSw

e piSel dg2 50 (o Sg) b o o o
Jolae (22555 YL 7+,)) WA S ol (6)l5 simo dilil g 391 puiite +.¥YV b+ jl o plulis 3bolie ;> WinS Fsr ol
151y Cbsl jlid cov oS cul (0835 (old ol 1> (668 U lawgio (SiS5 (3,85 oddd s 1dlie (pl > )3 sl <A

Llad )3 )5 (G )8 g SMae W) g S pete (bgS blie > il W g 35 ete (6md) Dlae g slacas sl



Oinioe plo ol b adel Cound 4 g clacus ples (glp pidgi opl > & (3,5 (WSbe (Weir & Cockerham, 1984)
Slaal gly Ol & an3 oo (LS g Sl gunon 33,8 ()1IS (1 b g (055 SF 3 1) pei U Fir (650ke oS
ol S8y, (Zhao et al., 2015) sl &S oyl Logr clodls Su3 yloro p sty L lain] ST glite sy
bl sl 0gill (olise Slg5 oo g Cusl Gnl (ogr 9 s3I 3 Sl ISy 9 Sz caple oimd i s (e (Al

2565 38 (1555wl > 58) P S 5 oelll )55l b Lo 20 sl

0.25 —

0.20 —

0.18

0.15 -

-7

o

0.00 -

1 2 3 4 S 6 7 8 9 11 13 15 17 20 23 26 29

PaigesyS oylad

~
b3 LY yee > WINS FST g X jgm0 )3 V=V (clopg)Bag,S 1 895 g (o (sla 15 dulio )3 lapg;e5] plos ;o WINS FsT polie yinie jlages ) JSW0

. g
@59 YL -V wlel
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Table 1. Significant QTLs associated with genomic regions under divergent selection based on various traits.
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Table 2. Genes and their biological functions associated with the identified genomic regions.
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Gene Name Biological Function

ABR (activator of RhoGEF and GTPase) Rho GTPase _jluyply s 04135 Juguss




Facilitator of the Rho GTPase signaling pathway.

CPD (carboxypeptidase D)

OBax E5k 9 SidgBisn slaanl L by B

Role related to proteolytic processes and protein maturation

DCAF10 (DDB1 and CULA4 associated factor 10)

boye S0 Cwld ojlul wlyuss g glas)l & (5,5 5ke L DCAF odlgls (slac!

.

Members of the DCAF family are associated with adaptation to altitude
and changes in body size <

AOA3QILVV9 BOVIN (RNA polymerase RBP11-like)

A o Joo (Johos (i) cuile | (65900 £5a Solie 4
N

Acts as an essential component of the c¢llular transcription machinery

FRMPDI (FERM and PDZ domain containing 1)

3 i ok sl 5> Sloelily Sl )

S
Involved in cytoskeletal organization and signaling at the cell membran

GEMIN4 (gem nuclear organelle associated protein 4)

WS oo Wl 285 (SMN) (S5 d9)98 sl oSS jlige 5 RNA oudgilio 5

Plays a role in RNAemetabolism and assembly of the survival motor
neuron (SMN) complex

GLP2R (glucagon like peptide 2 receptor)

3 i S 9IS slwgen 5 (635 pud i )

Involved in energy metabolism and glucose homeostasis

GRHPR (glyoxylate and hydroxypyruvate reductase)

2,5 il 9IS jlusgen 5 (55l pudgilie )

Involved in energy metabolism and glucose homeostasis

o
GOSRI1 (golgi SNAP receptor complex member I')

S

AS o a3 1) gy JWl g J5S59 JE 9 Joo

Regulates vesicular transport and protein trafficking

NTNI (netrin 1)

3l i (el gy jo

Involved in developmental processes

NSRP1 (auelear specksle splicing regulatory protein 1)

b

31> i RNA (cungig) 5| g (3132

Involved in post-transcriptional RNA processing

& NXN (nucleoredoxin)

LS o Jos glanST A5 4 Gly

Functions in response to oxidative stress

OGFRL1 (opioid growth factor receptor like 1)

Conl bagye 0dy g ol () (sl pane L

Associated with reproductive and growth-related biological pathways

PLIN2 (perilipin 2)

3 i85 Joluocygyd oyp il LS g s pudplie )

Involved in lipid metabolism and the formation of intracellular lipid
droplets




RIMSI (regulating synaptic membrane exocytosis 1) Cal Loy u;;wj Er b

Associated with conception rate

RPS6 (ribosomal protein S6) Ol i el el g (Joho Sluyply )3 a8 canl den 5 opuile 5 S5

A component of the translation machinery involved in cellular
signaling and immune response

POLRIE (RNA polymerase I subunit E) WS oo Jos Il gy walats cpuile 5| Lol 23 K lgie &

Acts as a core component of the cellular transcription regulatory:
machinery

SLC24A2 (solute carrier family 24 member 2) ol b pe 0y Slan )

Associated with'production traits
A

SLC39A11 (solute carrier family 39 member 11) 3 i e JEdble o)55ls

Involved in cellular adaptation and ion transport

TLE4 (TLE family member 4) o959 malal gmile allein g 03,5 oo s gigy 0aiS sS p lgic 4
\

Cawl

Acts as a transcriptional repressor and is a core component of the
transcription regulatory machinery

TRMT10B (tRNA methyltransferase 10B) 3 i85 RNA wwgig) jl s ool

Involved in post-transcriptional RNA processing

LOC112442781 / LOC112447954 (U6 spliceosomal RN\A) Cal G935 gy o 5 ompiny ok 53 0F Ol welats (sl

Essential for regulating gene expression at both transcriptional and

N post-transcriptional levels

USP43 (ubiquitin specific peptidase 43) bv\e.—‘w] SlpBigp Bls sl mnsSag dawly b pSisn cu B0 pme 5

b Lids (Jaste (55 lawes

Involved in the ubiquitin-mediated protein degradation pathway for
. removing proteins damaged by environmental stress

)
VPS53 (subunit of GARP complex) 555 oo walai |y gl 9y coBia g JiSl 5 JoSajs Ji 5 Joo

4 Regulates vesicular transport and intracellular protein trafficking

ZCCHCT (zinc finger CCHC-type containing 7) 3 BB 55 ol 5 cmasiny wala 5

Involved in transcriptional regulation and gene expression
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