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Introduction: The number of lambs per lambing is one of the most important reproductive traits in sheep. Many
studies have reported that genetic mechanisms play an important role in the variation of litter size in sheep.
Selection for higher litter size in sheep has led to a variation of this trait within and across different breeds. Natural
and artificial selection related to adaptation and economic traits, such as litter size, results in changes at the
genomic level which leads to the appearance of selection signatures. Detection of these regions provides an
opportunity for a better understanding of genetic mechanisms underlying the phenotypic variation of litter size in
sheep. Several tests including the linkage disequilibrium-based approach, site frequency spectrum, and population
differentiation-based approach have been developed to explore the footprints of selection in the genome. This
study aimed to identify selection signatures in Baluchi sheep to investigate the genes annotated in these regions
as well as the biological pathways involved. For this purpose, XP-EHH and Fsr analyses were conducted using
the genome-wide single nucleotide polymorphisms (SNPs).

Materials and methods: In this study, data from 96 Baluchi ewes genotyped using Illumina Ovine SNP50K
BeadChip were used to identify genomic regions under selection associated with litter size in sheep. Phenotypic
and pedigree data were collected at the Abbasabad Sheep Breeding Station. Based on records on different litters,
ewes were divided into two groups: the case (two lambs per litter) and control (one lamb per litter).

Quality control was conducted using the Plink software. The markers or individuals were excluded from the
further study based on the following criteria: unknown chromosomal or physical location, call rate <0.95, missing
genotype frequency >0.05, minor allele frequency (MAF) < 0.05, and a P-value for Hardy—Weinberg equilibrium
test less than 10, To identify the signatures of selection, two statistical methods of Fsr and XP-EHH were used
under Fsr and EHH software packages, respectively. We also calculated unbiased estimates of Fst. Because the
results were strongly correlated with the Fsr results, unbiased estimates have not been reported. In our study, all
the SNPs ranking above 0.1 percentile of the distribution of test statistics were selected as candidates for the
signature of selection. Gene ontology analysis for identified genes was performed using DAVID online database.
Results and discussion: We used the Fsr and XP-EHH statistics to identify genomic regions that have been under
positive selection associated with litter size in Baluchi sheep. Using Fsr approach, we identified 14 genomic
regions on chromosomes 1 and 2 (two regions per chromosome), 3, 7, 9, 14, 18, 22, 23 (one region per
chromosome), and X chromosome (three regions). Also, XP-EHH analysis identified nine genomic regions on
chromosomes 2, 12, 13, and 22 (one region per chromosome), 7 (three regions), and X (two regions). Some of the
genes located in identified regions under selection were associated with the number of lambs per lambing (ACVR 1
and TGIF1), ovarian and follicle growth (DDX24), and fertility (FOXH1). Bone morphogenetic proteins are
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critical regulators of chondrogenesis during development which transduce their signals through three type I
receptors namely BMPR1A, BMPRIB, and ACVRI/ALK2. TGIF1 is highly expressed in sheep ovaries
suggesting that TGIF1 plays an important role in ewe reproduction. Also, TGF-/SMAD signaling is critical in
reproductive processes such as follicular activation, ovarian follicle development, and oocyte maturation. It has
been evidenced that Ddx24 is highly expressed in sheep uterus affecting the development of ovaries and follicles.
Foxh1 was first introduced as a transcriptional partner for Smad proteins and has been reported to play an
important role in embryonic development. Results of gene ontology analysis identified two biological pathways
namely defense response and cell motility which play an important role in the ovulation rate and the number of
lambs per lambing. Reproductive activity and immune defenses can be mutually constraining, with increased
reproductive activity limiting immune function and immune system activation leading to decreased reproductive
function.

Conclusions: The results of this study identified candidate genes involved in the regulation of litter size in sheep
suggesting that ACVR1 and TGIF1 genes can be considered as candidate genes related to the number of lambs
per litter in sheep breeding programs to improve reproductive performance.
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Table 1. Description of quality control steps in case (one lamb per litter) and control (two lambs per litter)
groups of Baluchi sheep

Item Control Case
Number of animals 56 40
Sample call rate <95% 7 3
Raw number of SNPs 50750 50750
MAF < 0.05 6815 6709
Marker call rate < 0.95 2535 675
Qualified SNPs 41400 43366
0.4
. o3
5 o2 S
= > - - . H
0.0 r a 5 g |
o 1 o 13 16 19 23 27

Fig. 1. Distribution of win5 Fsr values in Baluchi sheep genome. The genomic position of the SNPs is on the
horizontal axis and the numeric values of win5 FST are on the vertical axis. The red line shows the threshold
(99.99 percentile).
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Table 2. The candidate genes in genomic regions under selection in Baluchi breed estimated from Fsr statistic

Chromosome Physical map Marker distance Gene
(bp) from gene
1 59254771-60501827 Within TTLL7
1 102112281- Within SNAPIN, NPR1, INTS3, GATAD2B, CRTC2,
103606224 SHE, PMVK, SLC39A1, JTB,RPS27, TPM3,
MIR190B, HAX1, ATP8B2, CHRNB2, PMVK,
S100A7, CHTOP, RAB13, C3H1orf43
2 20898912-22405837 Within GRIN3A, PPP3R2, MIR2284Z-5, PGAP4,
ALDOB, PLPPR1, MRPL50, RNF20, ZNF189
2 45043978-46405335 Within SLC18A1, LZTS1, ATP6V1B2, LPL
3 49899934-51116201 Within RNFTI
7 85018812-86241267 Within TMEMG63C, POMT2, NGB, AHSA1, ADCKI,
CIPC, ZDHHC22, TMEDS, VIPAS39, AHSAI,
SPTLC2, SNW1, GSTZ1, ALKBH1, SLIRP
9 11919854-13713975 Within SLC39A4, RECQLA4, VPS28, OPLAH, EXOSC4,
SHARPIN, DGATI1, SLC52A2, ADCKS, CPSF1,
TONSL, CYHRI, LRRC24, MFSD3,
C14H8orf82, RPL8, ZNF34, C14H8orf33,
PTP4A1, PHF3, EXOSC4, COMMDS5,HSF1,
SCRT1, MROH1, FOXH1, KIFC2, RECQLA4,
MAFI, GRINA, GPAA1, ARHGAP39
14 42980150-44278762 Within WTIP, KCTD15, LSM14A, COX7A2, LSM14A,
PDCD2L, UBA2, CHST8, GARRE1
18 56432894-57806940 Within UBR7, PRIMA1, ASB2, IF127, SERPINA10,
TMEM251, GON7, OTUB2, DDX24, ISG12(B),
CCtDC197
22 38366864-39753249 Within GRKS5, RGS10, TIAL1, SEC231P, MCMBP,
BAG3, PPAPDCI1A, BAG3, MCMBP, WDR1
23 37337139-38612389 Within MYOMI1, MYL12A, MYL12B, TGIF1, DLGAPI
X 115990433- Within MAF1, TRPC5, NDUFA1, SERTM2, DCX,
117314073 CAPNG6, PAK3CIPC, TMEM63C, POMT2, VIP,
TRPCS, SERTM2, CAPN6TENM1
X 35021641-36362696 Within CIPC, TMEM63C, POMT?2, VIPAS39, AHSAL,
SNWI, SLIRP, ZDHHC22, TMEDS, NGB,
SPTLC2, AHSA1, VIPAS39, ALKBH1, SNW1
X 102128756- Within SH2DI1A
103850118
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Fig. 2. Distribution of XP-EHH values in Baluchi sheep genome. The genomic position of the SNPs is on the
horizontal axis and the numerical values of XP-EHH are on the vertical axis. Horizontal lines indicate the
threshold (99.99th percentile). Negative values indicate the selection in case group (twin bearers) and positive
values indicate the selection in control group (single bearers).

ode )l g (Bl jeoe 59y LSNP (cogiy CusBye (25l wibunsS po3s el ;0 XP-EHH (sla 5] @y -V JS2
el Sl 5,50 3blie (A4/20 Sao) ailiw] o> sasasylis a8l bghs .05ls )18 s04ee 90 (59, XP-EHH

s (15555) dall 09,5 55 Gl Sk cte sla 33l 5 (159859) 990 05,5 po Sl Kby ave la )]
XP-EHH oLel (ulol 52 (135899) 3,50 09,5 10 (7ol oI5 Slil 350 (o053 bl po wails lagy =¥ Jsor

Table 3. The candidate genes in genomic regions under selection in case group (twins) of Baluchi breed estimated from
XP-EHH statistics

Chromosome Physical map  Marker distance Gene
(bp) from gene

2 150448610- Within ACVRI.ACVRIC, ERMN, CYTIP, GALNTS
151448610

7 43527589- Within C2CD4B, MIR2285Y, TPM1,MIR190A, APH1B, RABSB,
45664257 RPS27L, LACTB

7 39013097- Within RPS29, RPL36AL, POLE2, KLHDCI1, KLHDC2, VCPKMT,
40577499 L2HGDH, LRR1, NEMF, DNAAF2, MIR6517, CDKLI,

DMAC2L, MAP4K5

7 40288484- Within FRMD6, TMX1, ATL1, PYGL, TRIM9, SAV1, GNG2
41847236

12 41107017- Within UBE4B, NMNATI1, CTNNBIP1, TMEM201, PIK3CD,
42499843 SPSB1, MIR34A, SLC2A5

13 68315186- Within TOP1, PLCG1
69315186

22 43016551- Within ABRAXAS2, ZRANBI
44016551

X 103851418- Within PRR32, MIR2285X
105043760

X 103883398- Within MIR190A, RPS27L, APH1B, RABSB, LACTB, TPM1

105054446
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Table 4. The most important biochemical pathways associated with twinning in genomic regions of Baluchi
breed estimated from Fsr and XP-EHH statistics

Category Go term Term P- Number Reported Gene Statistics
value of genes
GOTERM_BP ALL GO:0031062 Histone 0.01 3 RNF20, CHTOP, Fsr
methylation SNW1
GOTERM_BP ALL GO:0016236  Macroautophagy 0.01 6 MYOMI, SNAPIN, Fsr
SPTLC2, ASB2,
ZNF189, PAK3
GOTERM_BP_ALL GO:0051607 Defense response  0.02 4 TENMI, HAX1, Fst
WDRI1, TGIF1
GOTERM_BP_ALL GO:0097305 Actin 0.02 3 CHRNB2, GRIN3A, Fst
polymerization or PMVK
depolymerization
GOTERM_BP_ALL GO:0048870 Cell motility 0.02 7 ACVRI, ZRANBI, XP-EHH
TMEM?201,
ACVRIC, DNAAF?2,
PIK3CD, PLCG1
odlgils ,o iz b les adly ,o (Knight et al., 2006) ol ae;0 89 51 G Sad 35 s S gy 0 0

Wi el TGF-B/ SMAD S LS Lol
(La et al., 2019) 05 oo (5,5,L0 dloz 31 Lioadss
odlgils G 5l sgiae TGIFL i Jol>  wShgosa fole
Ol 0 YU (e a4y oS Sl (55l el slaoul
S5 5 sl Jsbo 5 TGIF1 5 o oley aidasS
3,0 556598 10 e L AS Canl onl glulis
A oo lid i Oldlas (Knight ef al., 2006)
bl oyl ollaibany Jeadss jo swlul i TGIFL
SoliS ol ol o oy e 5 0 olaws L TGIFL (3
TGIFL o5 a5 &S oo 0l 1) ad 3 ol a5 coul o
B A bS53 Gialy e )0 0 slaw Cibe (5,

.(Yan et al., 2019)
£95903,5 (S5, (DEAD-Box Helicase 24) DDX24 -3
Glxz e SO A wl olelld waweS VA
&S oo oS 1) el oLST A%/Y ojlwl L DEAD
09,5 (Asp-Glu-Ala-Asp) DEAD au> (slo gy
JLail comagis) 5o 9 Jo5a5 RNA jISda YA 51 (5 )5
E9y5 RNA Jl o aRNA b3ls,, mRNA 51 L3
2,00 B RNA (285 G 5l g (0935m, Figm doz
3 iy oolgils pl slacl (Wang et al., 2020)
Al ludl b asF g e 5l Ologzae i
L Sl cals DEAD (glass sy cpl Sgd oo
Obwdl jo ouls aislil DEAD ass> slopibgy plo

5 Ol ps 4 D Slagls (rm analie ;5 (9051 90
A0 e g yloass laianeS (Abasiet al., 2017) L
Syl e eS glaoly duslis g (Moradi ef al., 2012)
e o 4 .Sl 00l 138 (Manzari et al., 2019)
pled hg, 5l eaw] Cavoas mls laid (i pl o
Bblie ;0 (owyp @lS b (5155 Fst) ol (Sorexr
B llids 3550 1) (goasie glo 5 el 3550 053
[ S P PR EPRRPNER* AHPEIA
2o sl g (lieadss Slho b pelitae o g e
5 DDX24 (TIGF1 (glay; aiims bl o il o
o)Ll LA g VA VY (slapgiges S (59) <ol 5 4 FOXHI
oslel 3 oolizal L ¥ pajpe5,5 (g9, ACVRI o5 4 For

wiad glelis XP-EHH
S92 I8 )18 aahsS VY pg5909 5 (59, TGIFL (5
5 ks L5 55 55500 o5 TGIFL 55 el ; 45
LDNA (ol 3blie 51 & JLail b (5 (ol )l
Loy DNA & Jate slogetisy plo b Jolss L
il o o gl olaad 5 (55 ) SedS Gliee S (o0 et
iy led Jule TGF-B oolyls sliel b coo B
BMPI5) 10 gl Seifsh )50 reisy 3 (GDF9) 4
conls 5 TGF-B/ SMAD Sl .ol
RSN R ARSI B WO NERNRTWE
B)ls 25 b Cepmggl it @l g st slagSlgs



oY (FV-5)1VF ) oo ez oylad/pnsl Jll sols Slodgs Sligios

Hu ol asawsS 0 YU (5,9,L L 9 Xu et al., 2018)
(Yuan et al., 2019) cuwl oals )35

odpS 0 b (2lelid T pgiee9)5 (59, ACVRI (5
sus a5l ALK2 Hlgie 4y (ACVRI) 5 g8 505
ACVRI a8 o oS 1, 0% aiwl awwl cpufign g
BMP gesly oee 51D2 ()L s 1 48 ol (gloni 5
a8 Jsb ) ol Coeal Jds 4 095 g a5 018 2
ACVRI (sigy Jeame Cawl oals ezl JoSCJg8
oy S gy (neiS] 0ainS Sy plpre 4 lanl o
Sedse Sl S8L (paiz pd A WD jatie g Ao
RNA L Jlg 5l eolizel L .(Mela er al., 2015)

sl daen ;0 ACVRI (45 a5 o asie (RNASeq)
@ Jate Syge 4 b ool ACVRI 09 0 Glo
al ool BMP/TGFoslgls 5l gqae A eS|
4 1, BMP x> ACVRI (Yadin et al, 2016)
@lilely el &5 WS (oo Jate 93 g9 SlaonipS
5 Lacl ;| ACVRI g5 o SMADI/5/8 LS
SroasS o lgie @ TGF oolgils ol slaoss 5
Sloads ()55 sbiwges g Jrosdsi phnns dnvgs s
WiwsS JoSded wl, Jeb o .(Zhang et al., 2017)
- UK g S oo podas ) ACVRI (g0l iwl g FSH
sl ;> ACVR2A/ACVRI s | BMP7 oo
gl eonl pogdle iyls JoSdod wd ) o (a8 15elgil S
Sl JsSelsh 03l TigJyi 5 (slo Jsko 53 ACVRI
ai1,8 (pas> ACVRI (Shimizu er al., 2006) b o
el 1 (6 IS 5 JSlgh 0, i) Liowls
23 i e 553 b Vb Jlai b oS 08
LLs )| (Rafati ef al., 2016) coul L5 ;o AMH s BMP
o3 WewsS O35 )3 aly o )3 05 Sl LACVRI (5
.(McBride et al., 2012) cosl oals )55

88 ol ol Loy ol el 5 425 gl
s 53 aslllas 9y00 lalS Glag) (emgiz
Slae b gl Hoba bpsiues  Hedliie
S gt Hadhie Sl bLI ) o ieadss
el )0 a5 cel Gl 5 6950 silrerdisn wul
Menezo et al., ) &,ls (il Sz g i Ay <5 g0elS
25 05 ol 5 o oSlee DNA ays (2016
b gt (gedliie Lol layginc geadlite ;08
imprinting ¢ pigenesis ooy Lol ;15 5 5l g0 ;o

FEUON IRV v ;0 DDX24 4y ool calils Ll wojlo
Olgre ag lasl kg g oolgils cpulams co lid Sige yo
S i g yolie glils a5 NTPase 51 29,5
3 o5 ol Ma et al, 2019) wal a8 S
Ol by Olme @ ddn g o) S Ole
(o Ay, oolgils ol slasl 51 S 0l e
il 18 Jolo e 5 0, pdfgile el
ab) 3 DDX24 (5 aes oo olis et slaow) 2
Wang et al., ) cosl Jzd awsS JoSed ¢ lawess
» b sle wall 5 G plse 4 0 cr! (2020
wnl 098l el oo )15 ST shw oS>
Oyge v 50 05 ol Ol e Sl ead (318
Sl 5w sloadlie 51 (S ey Cdib 005 o

(Knight et al., 2006) ¢l Jgs 51 L3 i
3589 pgj9e9,5 (59, (Forkhead Box H1) FOXHI 3
ol sz @l el g cedl (gl )0 0F ol ol
L a5 TGF-B oolgls slacl g cudlad £65 098 o0
oly 3l golyy oo b s bl | o Loty slacoJled
8,8 o0 &0 DNA/Smads wSheeS oYledil 4 Jad
0595 51 oy ya (G205 115 o 31 TGFP o0lgil> sliacl
Jy=S DNA/Smads  uSLeoS ygmdhy j52ud L 5LLS
Q20 oo HLad pedig zuls (Sabeti et al., 2007) %58 oo
Wnt/ B- glw,els pilice NODAL (5 oo 5lel
ey @ ol oo k> a5 Jl> o ol Catenin
Ol 09l oo plxil Foxh1/Smad2 4 asly cendiiiogs
ool el gl oo Cu et 5l Foxhl Jlas! iz
S 0,098l A saads g odls NODAL 5 ol
g ysS O Slas ol Caws 3l 0gd o0 )
Sgbin pydgail (S (paads ;o Akl g grady S
s,Slas b FOXIT o5 oym bL3,1 (Kijas et al., 2012)
Cel oas G155 li B laiiessS 55 559k 5 !
Jole & lsie a4y FOXA 5 (Dolebo et al., 2019)
0355 Jub slp bl BB polie )5 pllin (s,
pelad Bae Gl g S ok sbadshe nles
Lol ipsis JS il 5o ol G slagyleg s
ol Wgo dlléy dlaws Cao LSMAD2 py (g4l gine

(Gl 2 50 alles a) YU 6y9,L L smd slog 0



o BB e Gil) Cugi 40 0y o o b Lad e Ol ladilis 1) ) Ken 5 (b3S (guge dazxe OA

2 blewsad 9 ol Sl o by e dafuden ol
ol JSas st o JoSdgd oSS lie Sl
W18 3929 9,5 e 9 Yoo )3 3 b fdg S ol
.Yuanetal., 2019)

28wl Gyepe wnlR o Sl S e
5 sSge sl JFo (faj slaonsy 5l 55l
Lol eilosds Loy Joboo & yzloe b cilies (gl yone
oS s e, T pleol ogm 390 45 Sl Sledlb
Yadin ef al,, ) syls 552y S5 ol p wdas gl
locsls plo 5 Lis di gy Jsko o0 2016
Mgee ol sladshe S25 50 pali )l )98
S5 (Knight ef al., 2006) sei (5,5,L0 @ e
Ll 61958 RFAY g @ yo Suddse slp Jobe
g a5 S &8 o b by aiilys oo LaSesS
Lys pU & a9 sSlS S0 5l JRite S il S
U ooty o Loy Sass iloas odnbey lisusly
S b IS lly) lyzme (b abowy @
(Zhang et al., 2017) aigd oo Jiiw polinl S5
I Peke S5 5 (2l Gl sla e Gl WS
e e glasnl B se slasres (ot
4>l S a5 axies (Jobo sl ol s s (il 2058
5 ke o b oo 2z b o ) Jlail L
o yae cpl 0 S (o0 Sbml (Jobu )5 WS 5L
S ok Sl gols L3I gz alanly glo iy
oo Pl 50 g n Ko b pslee ok Sl 4 Job
ibos (1S plewdly glas w5l Jobe )5
Sed g G ol (S Joke sl
ooy slasl B b (S Lol gendlygus]
ok SloSalail (ommgsl dnnsi 9 3350 £5lr (sl )l
Ol 3l o ol Jgbo 5 laummggl pudly i 5
Sed g 55 oBows 5 wipS oo I3 (Sjols s
g g w5l b (0035 bl )| o SeaDly gl
(Yan et al., 2019) & ,ls

S S Az

Sesyyl ool 5l (S (s0si5 lrosls (regdy cnl o
aly aslllas cplald gy 2lislss Sl Sl ol ses
Loj e CHld 4 a5 WS o ool 81, (garhe (S5
e rob GlaiingS Jreads 0 15 s slaanT

b L) pelal 5 (cmgie) 5 Sheels &S o)l i
S e J2S ) W ol Slieaddsi slaas )b
b Commggl SU8) JolS' 535955,k 5o Wilgs(ood s (e
A 5) 359,08 b (sl b (655, 99 i Jo5085 (51
(Sweds So 5l (St <5 lawe (g g dxwgs
Osedie slaanl® o9l oy i wd) 4 e
e |y etk slaanlp slo Sy dagsiass
Bonde ef ) cewl Gglaie oolo g 5 pgil oy 45 QS oo
b gwn o g 4550l e (al., 2016
s 33 (51 Gxe yaboay IS slagys aS ol i
Wgd oo (63l € (GO:0016236) macroautophagy
Slge JEIl g ilulaz )3 i 93 (Jshuigys Jso)s
s o (Feng et al, 2014) s)ls & peigid «
ad oo olas AT ol vgzg gaaled o
Pl Dyspe S sl )l sl 3l S
3,lg Sz a5 Jbej oyl lailinny iz ) o Jobo
> yo (ol g oo ABgta | 59 50 9 00 e o
) S o535l e o sl 457 i b
cgulannST s aile Jalge 5l oab lacaw! ply o
4 (§3ae Slge jl Cung e g ()l Sllugi ((ouS gen
Jlo leie a0 o cdadlrs aiiie pdycawl
g BECN1  olS 4 eS¢ Sesw 0 Beenl
5 DNA ol 231580 4y joie 0l a5 555 oo LC3B
Wolep )3 &5 d9d e (S g Sbee yd LS
Shen et al., ) sjlail oo Sz 4 |, Sz 0, o8l
I slalS g slo s Wlgs oo (g5B5509,5 Lo pouws (2018
Sl Jstne o5 4 )] crge 4 a5 WS Wyl laess o
Sei Jokw Fhe el wilg o Ll sl Sosu
.(Aldawood et al., 2020)

20 Gl e Jroad g b s o mtee Sy Sl s |
ol o el piiew SR cdumolis aS oy
laoyg 2l Elgl o (nl Slag) oo el Glaess
Ot aiee oSl o (Kl g L o el
S35 sz T3 5 ol o Shas 55 oS o5
(Yadinet al., 2016) cowl oads )38 oy (i 0
O RN PSP U B I VESTRR A [ BP SR G
4 g 00 b JsSJgd 5l oo b Sileges slasl 5 &L
ol pladl S laesy Wigd po lr) CSgaugl Bl
Jold WoerngS o) 5l (segite degormo jl g Cann pazie



AR (FY-2)VF ) lsi/p,lez ojloi gl Jl sl Slodys wlados

ey O8les 4 dzgi b el 3o s gleonsyy
Syt B A i Gl o ead alalid (sl e
G Gl s 1) oud olulis ACVRI g TGIF1 5 g0
2 Oly R 0 e dlasl b ke walls o lge
3,50 9 oolatul =gl wiawsS (goli PMlal slaasli
ool b e Ld cbamil gaoge ol ogei aslllas
2 iy Sllllas a5 wiS (o0 w3l S | cdo

S oo wold 1) Glaly e )0 0y slaai L alal,

ooy Slaws l; as o ) 6L(b).-wo 905 6»)‘..\;6 éj.w‘sn
bl )| peiitns i 5 e jsba (555,k 5 GRly
ot sl ebo Zul e ul glulis asls
Sy glaly 53 o sl g TSI £ 50 (oot
Sl anT B ol b e cpl 40 sas sl sla gy
ol A (6,500 e D9 o SweS (g jlwol;] s
W ocwlE pla daas iy b g )ls s joboay Gimghy

s S92 (Joloo S0 s 09 lad e SV

sk > 85 ol (55958 w18 S Jsho I o

Abasi-Mashei B., Rahimi-Mianji G. H., Nejati-Jawarami A., Moradi M. H. and Son K. 2017. Genomic scan for
selection signature associated with mastitis in German Holestin cow. Iranian Journal Animal Science, 48:
453-461. (In Persian).

Abdoli R., Zamani P., Mirhosseini S. Z., Ghavi Hossein-Zadeh N. and Almasi M. 2019. Genetic parameters and
trends for litter size in Markhoz goats. Revista Colombiana de Ciencias Pecuarias, 32(1): 58-63.

Aldawood N., Alrezaki A., Alanazi S., Amor N., Alwasel S. and Sirotkin A. 2020. Acrylamide impairs ovarian
function by promoting apoptosis and affecting reproductive hormone release, steroidogenesis and
autophagy-related genes. Ecotoxicology and Environmental Safety, 197: 110595-1105599.

Al-Lawama M., Albaramki J., Altamimi M. and El-Shanti H. 2019. Congenital glucose-galactose malabsorption:
A case report with a novel SLC5A1 mutation. Clinical Case Reports, 7: 51-53.

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

Bonde J. P., Flachs E. M., Rimborg S., Glazer C. H., Giwercman A., Ramlau-Hansen C. H. and Brauner E. V.
2016. The epidemiologic evidence linking prenatal and postnatal exposure to endocrine disrupting
chemicals with male reproductive disorders: A systematic review and meta-analysis. Human Reproduction
Update, 23: 104-125.

Dolebo A. T., Khayatzadeh N., Melesse A., Wragg D., Rekik M., Haile A., Rischkowsky B., Rothschild M. and
Mwacharo J. M. 2019. Genome-wide scans identify known and novel regions associated with prolificacy
and reproduction traits in a sub-Saharan African indigenous sheep (Ovis Aries). Mammalian Genome, 11:
339-352.

Esmaeili fard S. M., Hafezian S. H., Gholizadeh M. and Abdolahi Arpanahi R. 2019. Gene set enrichment analysis
using genome-wide association study to identify genes and biological pathways associated with twinning
in Baluchi sheep. Animal Production Research, 8(2): 63-80. (In Persian).

Farhangfar H., Molaei M., Naeimipour H. 2007. Using the logistic regression model in estimating the phenotypic
trend of twinning trait in Baluchi ewes of Abbas Abad Station, Mashhad. Modern Genetics, 3: 31-34. (In
Persian).

Fariello M. L., Servin B., Tosser-Klopp G., Rupp Fand Moreno C .. 2014. Selection signatures in worldwide sheep
populations. International Sheep Genomics Consortium, 8: 103813-103817

Gautier M. and Vitalis R. 2012. rehh: an R package to detect footprints of selection in genome-wide SNP data
from haplotype structure. Bioinformatics, 8: 1176-1177.

Gholizadeh M., Rahimi-Mianji G. H. and Nejati-Javaremi A. 2015. Genomewide association study of body weight
traits in Baluchi sheep. Journal of Genetics, 94: 143-146.

Jafaroghli M., Safari A., Shadparvar A. A. and N. Ghavi Hossein-Zadeh. 2019. Genetic analysis of ewe
productivity traits in Baluchi sheep. Iranian Journal of Applied Animal Science, 9(4): 651-657.

Kijas J. W., Lenstra J. A., Hayes B., Boitard S., Porto Neto L. R., San Cristobal M., Servin B., McCulloch R.,
Whan V. and Gietzen K. 2012. Genome-wide analysis of the world's sheep breeds reveals high levels of
historic mixture and strong recent selection. PLoS Biology, 2: 100-118.

Knight P. G. and Glister C. 2006. TGF-beta superfamily members and ovarian follicle development.
Reproduction, 14: 191-206.

Kosgey L. S., Baker R. L., Udo H. M. J. and van Arendonk J. A. M. 2006. Success and failures of small ruminant
breeding programmes in the tropics: A review. Small Ruminant Research, 61: 13-28.



L_‘>">5L (5LQLMU""“) wy).b)sb oy «)‘..\.t.’;mla-la.u]c g.)l.?w‘ LgLﬁd;LwA ub'&oﬁjul.\).us (SN doma 7

La Y., liu Q. Zhang L. and Chu M. 2019. Single nucleotide polymorphisms in SLC5A1, CCNAI,
and ABCCI1 and the association with litter size in small-tail Han sheep. Animals, 7: 432-439.

Ma H., Fang C., Liu L., Wang Q., Aniwashi J., Sulaiman Y. and Abudilaheman K. 2019. Identification of novel
genes associated with litter size of indigenous sheep population in Xinjiang, China using specific-locus
amplified fragment sequencing. Peer Journal, 26: 80-79.

Manzari Z., Mehrabani-Yeganeh., Nejati-Javaremi H., Moradi M. H. and Gholizadeh M. 2019. Detecting
selection signatures in three Iranian sheep breeds. Animal Genetics, 50: 298-302.

McBride D., Carré W., Sontakke S. D., Hogg C. O. and Law A. 2012. Identification of miRNAs associated with
the follicular-luteal transition in the ruminant ovary. Reproduction, 144: 221-233.

Menezo Y. J., Silvestris E., Dale B. and Elder K. 2016. Oxidative stress and alterations in DNA methylation: Two
sides of the same coin in reproduction. Reproduction, 33: 668-683.

Melé M., Ferreira P. G., Reverter F., DeLuca D. S., Monlong J., Sammeth M., Young T. R., Goldmann J. M.,
Pervouchine D. D. and Sullivan T. J. 2015. The human transcriptome across tissues and individuals.
Science, 348: 660-665.

Moradi M. H., Nejati-Javaremi A., Moradi-Shahrbabak M., Dodds K. G. and 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, 71: 1-19.

Nosrati M., Asadollahpour-Naini H., Amiri Z. and Esmaielzadeh A. 2018. Whole genome sequence analysis to
detect signatures of positive selection for high fecundity in sheep. Reprouduction in Domestic Animals,
52:358-364.

Pasandideh M., Rahimi-Mianji G., Gholizadeh M. and Fontanesi L. 2017. Detection of genomic regions affecting
reproductive traits in Baluchi sheep using high density markers. Animal Production Research, 6(3): 29-41.
(In Persian).

Pourtahmasebian Ahrabi M., Eskandarinasab M. P. and Zandi Baghcheh Maryam M. B. 2020. Estimation of
genetic parameters and genetic trend of litter size in under selection flock of Afshari sheep. Animal
Production Research, 9(2): 23-35.

Purcell S., Neale B., Todd-Brown K., Thomas L., Ferreira M. A., Bender D., Maller J., Sklar P., de Bakker P. I.,
Daly M. J. and Sham P. C. 2007. PLINK: a tool set for whole-genome association and population-based
linkage analyses. The American Journal of Human Genetics, 81: 559-575.

Rafati M., Mohamadhashem F., Hoseini A., Hoseininasab F. and Ghari S. R. 2016. A novel ACVR1 mutation
detected by whole exome sequencing in a family with an unusual skeletal dysplasia. European Journal of
Medical Genetics, 59: 330-336.

Sabeti P. C., Schaffner S. F., Fry B., Lohmueller J., Varilly P., Shamovsky O., Palma A., Mikkelsen T. S.,
Altshuler D. and Lander E. S. 2007. Positive hatural selection in the human lineage. Science, 312: 1614-
1620.

Shimizu T., Jayawardana B. C., Nishimoto H., Kaneko E., Tetsuka M. and Miyamoto A. 2006. A: Involvement
of the bone morphogenetic protein/receptor system during follicle development in the bovine ovary:
hormonal regulation of the expression of bone morphogenetic protein 7 (BMP-7) and its receptors (ActRII
and ALK-2). Molecular and Cellular Endocrinology, 249: 78-83.

Taghizadeh K., Gholizadeh M., Moradi M. H. and Rahimi Mianji G. 2020. Investigation of copy number variation
in Baluchi sheep genome using comparative analysis of PennCNV and QuantiSNP algorithms. Animal
Production Research, 9(1): 29-44. (In Persian).

Wang Y., Niu Zh., Zeng Zh., Jiang Y., Jiang Y., Ding Y., Tang S., Shi H. and Ding X. 2020. Using high-density
SNP array to reveal selection signatures related to prolificacy in Chinese and Kazakhstan sheep breeds.
Animals, 151: 16-33.

Weir B. S and Clark-Cockerham C. 1984. Estimating F-statistics for the analysis of population structure.
Evolution, 36: 1358-1370.

Xu S. S., Gao L., Xie X. L., Ren Y. L., Shen Z. Q., Wang F., Shen M., Eyporsdéttir E., Hallsson J. H., Kiseleva
T., Kantanen J. and Li M. H. 2018. Genome-Wide association analyses highlight the potential for different
genetic mechanisms for litter size among sheep breeds. Frontiers in Genetics, 118: 452-459.

Yadin D., Knaus P. and Mueller T. D. 2016. Structural insights into BMP receptors: Specificity, activation and
inhibition. Cytokine Growth Factor Reviews, 27: 13-34.

Yuan Z., Zhang J., Li W., Wang W., Li F. and Yue X. 2019. Association of Polymorphisms in Candidate Genes
with the Litter Size in Two Sheep Breeds. Animals, 11: 263-271.

Zhang Y. E. 2017. Non-Smad signaling pathways of the TGF- family. Cold Spring Harbor Perspectives in
Biology, 9: 56-71.

Zhou M., Pan Z. Y., Cao X. H.,Guo X. F.,He X. Y., Sun Q. and Chu M. X. 2018. Single nucleotide
polymorphisms in the HIRA gene affect litter size in Small Tail HanSheep. Animal Sicence, 71: 544-552.



