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Fig. 1. Manhattan plot for twinning trait in Baluchi sheep. X axis, SNPs positions on chromosomes, Y axis, -
Logyo P-value
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Fig. 2. Q-Q plot for twinning trait in Baluchi sheep. X axis, -Log,o expected P-values, Y axis, -Log;o observed
P-values. Red line shows expected P-values under null hypothesis (no significant association), (A = 1)
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el oo g Al JoSded 0 ptiviwged 43
5 ésb Cux olen JsSUse ol 4 ANKRD13C
2 Betis G b iz slaosi o mms (9,550
WS oo Sl Mgl ah pondlygian i
Lo S 5l (6l osle (Parent et al., 2010)
S e 5 6 ks 4 Jobs sloguly xile WGPCR
o Jb Sz aiien g 5 oy daagedlSs
@ el p3 L LT a5 cul a3Y WGPCR ls
J.AL» L&bo..\.iﬁf u.:‘ oo uwl)T A é}lw slas
“Ooegy (50,550 atle s T 5l glodizy degore
Mg slid @ JUEl g dez 5 5l am Ol i o
ad olo a5 jshiles .(Achour et al., 2008) <.l
0nTd 00 e eisy o ANKRDI3C ()5 Jgame
395 5 oMol D 5l g S e mela (alng
(Parent et al., 2010) el oo 5 ol Jsbo zxla
W oSgp ol Aceview” sols oL b3l elul
Ot 9 99bse Ol O Sl )3 00 S 5k
Thierry-Mieg ) ol oo (5,155 o> 9 320 50 ol oo
55 Yeim | onds @il Slepsss 4 a5 L (et al., 2006
GPCR (slyons ;5 al33l o, 5 wlgi .o ANKRD13C

1. G protein-coupled receptors (GPCRs)
2. https://www.ncbi.nlm.nih.gov/| EB/Research/Acembly
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Table 1. SNPs significantly associated with twinning in Baluchi sheep

. P-value . .
SNP Chr  Position (Adjusted (GO)) The nearest known ovine genes  Distance (bp)
OARI0 49765851 10 6718174 124x10° Without genein IMb -
CTH, cystathionine gamma- 17674
lyase
OARL 475785041 1 45776527  1.82x10° ANKRD13C, ankyrin repeat +18968
domain 13C
SRSF11, serine and argininerich +115013
splicing factor 11
OARL 48509629.1 1 46785446  2.03x10° PTGERS, prostaglandin +394999
receptor 3
OARI5 100418721 15 10104139  4.26x10° LDHB, La@tat%dehydroge”ase +414894
OAR3 523621031 3 49638479  538x10° LRRCAO, leucine rich repeat +161652
containing 40
KCNMA1, potassium calcium-
s08896.1 25 32588193 5.57x10° activated channel subfamily M Within

alpha 1

Chr: Chromosome; GC: Genomic Control; bp: base pair
SlSY efign B axlyn; odg Jsiew LDHB (5
0335 slashe it 53 (i onl el T3
aS Gl Dlgym a0 SESY (Lo Jsbae g ool Bl
Sgb oo bos NADH 4 NAD' wilp opl b
B e n Geen iy 4 S WSen STy
Sz lyls LDH (Everse and Kaplan, 1973) 548 o
g LDHA Ll (pfeses a5 (el 5) conl axlyp;
Ll alisee oS5zl ggezme 4o 45 siiws LDHB
L ocalizne glacdl o g S oo obl |y g o)
Jbe sl wilond oSy (5T a0 23l Lo @ 4z
axle )0 LDHB 5 Sl asle cél ;o LDHA
4 ks LDHC o>y aijls (g in Slgld 8
Goldberg, 1985; Wheat and ) aau owiz sloJolw
(Coonrod et al., 2006) loaess 4 (Goldberg, 1977
sbwl 1) LDH_Cy el fgen (g n o5 09500 ol
aay adwe LDH-Cp a5 cul ool (5,158 .08 oo
oSy LIl w9l LDHB 4 el (Goldberg, 1975)
(Roller et al., 1989) cwl Soss [0 3L59,0000
3 b fped 4 (S5 alwg 4 a5 LRRCAO (15555
ool ) dpnlyiel 518 Iy o hls gb o
b (Jy S patine joaa efgn (al B8 0 Sles
el 5l (8 Gy edlgls s Akl 4 axg
Gleosign 00 wile a5 098 o0 ools Jlaixl

4. L actate dehydrogenase (LDH)

OS50 Ml el s EP2 0306 a5 sla Jige
g e N S R L e
O 695k Sl g TS el o SesS
Kobayashi and Narumiya, 2002; Hizaki et ) wws oo
95k 9xied EP3 5 EPL 0ils a5 slo ge .(al., 1999
EP4 23l slaige 5yl i (Jy alooo (L
Ushikubi ) cews o)) LB b s ol e e o
(et al., 1998; Nguyen et al., 1997; Segi et al., 1998
2 liglslS sladshe alws 4 EP oS oz o
e Szl pelais 50 BPL3 5 wisdioe Olo (gens
slshe o Toisendly oanS Jld Sadysy
Harriset al., 2011; Markosyan ) auws Jled 15440
» EP sleows o5 als Ylas! (and Duffy, 2009
£ Slls o @ IFSess bz glaayl
Ol ol aS ool ools lis Jle gl s 50
CoinS b wslselS sla sl ,o EP3 05,5 MRNA
Sl (Saon Gl uglgalS St uSheS
4 Cel ond 355 wimen (Calder et al., 2001)
Olwgls 50 05 e 4 JoSdg8 Jiaud ;0 EP3 05
Tsai et al., 1996; Bogan et ) w,ls cdlzo b ygems o

«(al., 2008

1. Cumulus
2. Granulosa
3. Plasminogen activator proteolytic pathway



\A

YA VWA lialbilpgs o )ladf gt Jlo ol Sladss Sligios

JooSS ok slagias )3 @lisligs b s e (J9Sse
b by caoidsy cux SNP Silas FOYFY 5l .as
3D o5 vsae YO olaws .ol eolaxw! 300 kb alols
Gl by 4 (WS ool (pmagiardle 0 YV-OF
AE-Y slaws ylos ol 5l a5 ad sols idigy b, Soles
LSl G PBlas oo g Slo sxe JI sl o5
sl b GVl o b J51s 0 0.05 51 a8 P-value
Ol opl.cd )3 1,8 300 kb alsls b 5 ol cews
Oleie @ oy (Bl g wal olbsl GSEA-SNP o jo
ssbiles axxd )5 18 eolial 890 (sl (o slag)
b YO ol wad e ocdmlin ¥ Jgu> o oS
Szl g g sl wlis s 0 (60,Shes
Aiwd  (Swmer lhils ol can L Jslo
Sl oo cuslie 45 )5.E;L¢.a> iloads u*’)‘)f Qsls
o) s (p )l Sxe defense response ...
OMJQL..MJ aS Cuwl u.u.bﬁf U”‘ B G")jb?é L; Ja...t).o
sdes el laess glaanld o el e iE
g8l gl & bgrpe yone (nl 5o S92 90 slao
Sozse gre oSyl by il lapnS el il
IL-12 4 IL-9 dL-8 JL-6 dL-1 Jols yowo ol 4o
5 Olaess o Slee o oSl Xol i aioe
ol i3S 13 AT 0550 Loyl (o3, Sess anl
Ol b 4 canl ol iy a3 S (o AT S
oo b aS ugleals Slogw slaJsbo 5 &l Sl
JsSdsd 5l eisdioe oeali uglsalS-anmgsl nSdeS
b, cShagl s ar 555,k 5 JUsl cqr g ol o
ol ol cals (6,08 Sass alides sladis Wgd oo
Espey and Richards, ) wlesls yLis oledl axl,8 @ |,
.(2006; Richards, 2007; Russell and Robker, 2007
Acgasms (Jg cland pamie Jaol plal SO laess
doJidg g dafdon il Jold awsSyl 5l eoite
JolSs Glita olye 55 lacemgid 5 lasléy Sl
Brannstrom and ) wloas caalice flasss jo JoSdgd
b dheca Youe ;o o Ldg,55:5 (Norman, 1993

Bukulmez and ) wls 0925 9,5 e 5 Jo5tsd
Sl sl Judg et a5 oals ools Las .(Arici, 2000

il CS L g p—cpmiien Sl o eolsils oyl
Cawds ol sluw » .(Kobe and Kajava, 2001) wisb
Sy g Molecular Interaction’ osls oL ;1 suel
Wil ansls Jolw wiles oo LRRCAO L as™  Jlas|
ol walsis o CDCBL oS axten SNWIT § CDC5L'
MRNA _ilps ,o Lis SNWL 3 mRNA il
Y Cg

O B 3 YO pgiees S sy e SNP
4 SeBen ) ol Jpame 9 0)ls 1,8 KENMAL
3k S 9 Sl (soliy JUB S5 a5 Ceil o (e
Ol el Jel slag 5l el ol yolae Jasil oyl
ol L Ly L (Sl Jeily s b JUS
090° & el g 0l b pendS (Jobo (g0 il
59 % S ol 180 o g 99800 0y Jsho
Salkoff et al., 2006; Contet et al., ) 59 o Lie B8 )b
5 el o0 ol 6oL slacdl o JUIS ol (2016
sl gloelail g jae gladshe jo ol JlglS (nyitn
Jols (6,50 slacil o umen sl Glo axoale
38 g WSl (aan g plaest) (o lapll
ol (Behrens et al., 2000) o,ls o439 s JU,ol
(S Sl b 0 Shee iz 0 plas S
g JyuS Slo sbazals plal s wile
(s B9850 g0 ladshe (S0 SN L i (55
S Fesl ps g boaso Jlal gilule, udas
b basye sloanld 5l )l ;0 cizmen o)ls ads
G sl i2lee g 35 aile (b (65len
P ety Gl U 00 S 1E 4 4 Lol
Solete slao,Slee L wilgy oo KCNMAL ol
o 3 5l cow | Jreads g 6 B8 Sess anl b
Pl (esls (Laadys Slao (55, o5 slaslllae s
ols Slio g5, KONMAL 55 45w Lol
Lietal,) el Sgo () magm (o 5 (2li8loss
(2018

D L S G
5 seasgerme ilu e 4 Loty 5 g
sy 5 sl 5 o Sles Sl olulid e

1. https://mint.bio.uniroma2.it/
2.Cdll division cycle 5-like protein
3. Ski-interacting protein
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Opoad aslin ol alily NS Sasw o soge
Syl il Jreads anlg o a8 SlarplSule
oo ‘Q\)lw'b.wi BUCHTS SERVE IR F R SV 59
g Jready L s e sleplal Slule o b sSse
3 ‘}3]5-;‘; . ; = J_;_;LA Q‘ s e 0 6LDJ5L‘J
Cewl 00l oaalice (yuizmen .35 ,ls 54> theca sl Jolu
aS o by 1y el sl (laess ;o ajldg,Sle aS
Smolikovaet al., ) ozt o .Sol ol lagy | 5l (S aS
SSlgezr planle S IL-8 55, (2012

Sk o &S WS ST IL-1 g TNF-O (yloess o
G ISz e o JiSdgd slas L ke
3 ISz F 5 Ol 5 ol a5 eals Cob g W5)ls
(Takehara et al., 1997) auns oo ili8l |, (5 >
3 INF-a g IL-1 le a5 conl onls by uioren
Ll o S Sess a5 by JsSdsd gl
wole Sl 5l s canl oals G o8 g galisS
Loret de) cuwl (s 9olisS alowg 4y S 25 (5)

.(Molaet al., 1998
eplanle a5 wole s Sldlas 31 ol olows
Sy 03K 5 e (sles Slat el (S

Al (Ko Ll ol5el850 Cao L (P <0.01) o sxe job a4 a5 oo e -V Joox

Table 2. GO terms significantly (P < 0.01) associated with twinning trait

Category P-value numDEInCat”  numinCat® Term Ontology
G0:0006952 1.79E-08 48 75 defense response BP
GO:0007155  0.000359439 100 232 cell adhesion BP
G0:0006821  0.000408927 32 59 chloride transport BP

homophilic cell adhesion via
GO0:0007156  0.00067336 43 87 plasma membrane adhesion BP
molecules
GO0:0007611  0.001041252 17 27 learning or memory BP
GO:0035335 0001050407 44 o1 peptidyl-tyrosine BP
dephosphorylation
GO:0051895  0.00106603 9 1 hegative regulation of foca BP
adhesion assembly
G0:0019372  0.001140339 6 6 lipoxygenase pathway BP
GO0:0005856 0.001587861 82 192 cytoskeleton CcC
GO:0090630 0.002425294 19 33 activation of GTPase activity BP
GO:0019369  0.002727764 8 10 arachi do”;;f&metabo' ¢ BP
G0:0019835 0.002727764 8 10 cytolysis BP
GO0:0007507 0.003012913 65 150 heart development BP
GO0:0030539  0.003034805 9 12 male genitalia devel opment BP
GO:0008286  0.003844635 19 34 insulin receptor signaling BP
pathway
GO:0045171  0.004118489 24 46 intercellular bridge CcC
GO:0014069  0.004649462 il 89 postsynaptic density cC
GO0:0008585 0.005615842 12 19 female gonad development BP
GO:0048009  0.005771475 6 7 insulin-like growth factor BP
receptor signaling pathway
GO0:0043968 0.007032834 9 13 histone H2A acetylation BP
GO:1902476  0.008269465 26 53 chloride transmembrane BP
transport
GO:0032147  0.008732735 19 36 activatl O”a%fti‘\)lz‘t’;e' n kinase BP
GO0:0007052  0.008738724 13 22 mitotic spindle organization BP
GO0:0030054 0.009294876 78 192 cell junction CcC
GO0:0005768 0.009668248 60 143 endosome CcC

BP: Biological Process; CC: Celular Components

1. Number of DEGsin category
2. Total number of category’s genes in test



\Al

YA VWA lialbilpgs o )ladf gt Jlo ol Sladss Sligios

Selstam et al., ) i90 5 (Van der Huck et al., 1995)
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2 Sy Sl ieee 5l ] cwl Jsle
izl Jols oo (l 0 (Byme phess slaanl b
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Abstract

Baluchi sheep is one of the indigenous sheep breeds originating from the eastern part of Iran and it is adapted to
the severe weather conditions. The economic efficiency of sheep breeding is clearly related to the reproduction
efficiency of the ewes. In this study, twinning trait was studied as an important reproductive trait. To identify the
genes associated with twinning trait, genome-wide association was done using 91 Baluchi ewes genotyped with
50k Ilumina SNP chips. For this purpose, the extended repeatability model was used. In the next step, a gene set
enrichment analysis was implemented to identify the biological pathways associated with the twinning. Six SNP
markers on chromosomes 1, 3, 10, 15 and 25 located in CTH, ANKRD13C, SRSF11, PTGER3, LDHB,
LRRC40, and KCNMA1 genes were identified. According to pathway analysis, 25 pathways were associated
with the twinning trait. Among those pathways, the defense response hiological pathway has an important role
in the ovulation. Interferons and interleukins are the main cytokine proteins in this pathway. These cytokines
create a process such as inflammation that causes oocytes release from the follicle into the oviduct for transport
and fertilization. Cell adhesion and intercellular bridge pathways were other significant pathways. Cell junction
pathway via the CX43 protein can affect the transfer of GDF9 effects to granulosa cells. To the best of our
knowledge, thisisthe first study that reportsindirect effects of GDF9 on twinning trait in Iranian sheep.
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