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doosi S 5l ol wile (Parentet al., 2010
- e 3] s & oo slogiuly ils WGPCR
Moo aras sboaas il dayge e wile o
O Jd Sz aien aog g og daagedlS s
@ celie a8 L Ll a5 el a3Y WGPCR LS
ol Lo piS cnl emmo Glal] ke (Jobo slas
oo 500 aile Lol 8 5l ledizy asgeze
Mg sl a4 JUESH 5 ez 5 5l aw Sl da
ad ol a5 jshiles .(Achour et al., 2008 ..l
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392 9 ool Al 5l e yS e melat (el ng
(Parentet al., 2010 cwl o .5 ol Jobo xlaw
@ oSgp ol Aceview ools oL Sb3,l elul
Ot 9 d9bse Ol On szl )0 0ol b
Thierry-Mieg) col ool 5,155 o>, 9 330 50 o) ol
55 Yeim onds ail)| Slxpsss 45 a4 L (et al., 2006
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1. G protein-coupled receptors (GPCRS)
2. https://www.ncbi.nim.nih.gov/IEB/Research/Acembly
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Table 1. SNPs significantly associated with twirgnin Baluchi sheep

- P-value . .
SNP Chr  Position (Adjusted (GC)) The nearest known ovine genesDistance (bp)
OAR10_4976585.1 10 6718174 1.24x10° Without gene in 1Mb -
CTH, cystathionine gamma- 17674
lyase
OAR1 475785041 1 45776527  1.82x1C° ANKRDISC, ankyrinrepeat 1 gq40
domain 13C
SRSF11, serine and arginine rich +115013
splicing factor 11
OAR1 48599629.1 1 46785446  2.03x1C° PTGERS, prostaglandin E =, 394999
receptor 3
OAR15_10041872.1 15 10104139  4.26x10° LDHB, '-aCtatg dehydrogenase 14394
OAR3_52362103.1 3 49638479  5.38x10° LRRC40, leucine rich repeat )01 ocr
containing 40
KCNMAL1, potassium calcium-
s08896.1 25 32588193 5.57x10° activated channel subfamily M Within

alpha 1

Chr: Chromosome; GC: Genomic Control; bp: base pair

SSY efgn B oalyn; oy Jees LDHB (5
0335 slashe it 53 i onl ol T35
a5 Cowl Dlgym 4y SLSY fad Jetuw g ool Cdl
Sgdse Jos NADH a4 NAD' i ol b
BT e n Geen iy 4 S WSen STy
Sz slyls LDH (Everse and Kaplan, 19Y34%
s LDHA Ll o jsodas a5 (el ) conl axlsp;
il iliiee oS 5 @ Egemme ,o 45 itea LDHB
b calizen sbocdl o 5 oS oo sl | (puigp ol
Jlo sl ailoas oaiSTyy y5umnST 4 8L 5L5 4y g
axals ;5 LDHB 5 ISl asals cél ,s LDHA
4 ks LDHC o>y ails (g in Slgld 8
Goldberg, 1985; Wheat antha., o> sl Jolw
(Coonrodet al., 2006 luezs 4 (Goldberg, 1977
bl 1) LDH_Cy el fgen (g n o5 09500 ol
aay LAt LDH-Cy a5 coul oad 555 .S oo
lSY (I al5e5) LDHB 5 el (Goldberg, 1975
(Rolleretal., 1989 vl Sozs 1o 5b59,0000
05 8 cen 4 55 alws 4 45 LRRCAO 55y
ool gl dplyiel 518 Iy S5 hls 0gb o
b (Jy S ot joaa ufign (nl 380 0 Sles
Oy 5l (S8 Slaietign oolgls e Sl 4 4z
Gleosign 500 wile a5 098 o0 ools Jlaixl el

4. Lactate dehydrogenase (LDH)

oS 30 Ml el il EP20306 a5 sla Jige
bl ok aY 55055 | eddsalS sla ol
O 695k Sl g TS el o SesS
Kobayashi and Narumiya, 2002; Hizaki) s oo
1ol s EP3 5 EPL 06 a5 sl bge (@, 1999
EP4 33l sla g 5 9k i (Jy alooo S
Ushikubi) cas b, BB b ige ol S e ode
(etal., 1998; Nguyeret al., 1997; Seget al., 1998
2 iglslS sladshe alsy 4 EP S oz o
e Szl pelais 50 BPL-3 5 wigdioo 0lo (gens
slshe 5o Tosendly sanS Jlb Sadssy
Harriset al., 2011; Markosyan siwe Jls 154/5l,5
 EP leows o5 als Yl>! (and Duffy, 2009
Aoy Slls o @ IFSess iz glaayl
ol ol a5 ook ooy las Jlie gl s 500
oS b oglsals sla sk ,o EP3oui .5 MRNA
Sl (Saon Gls eglgalS- Sz uSheS
aS Cewl ol 5,155 umes (Calderet al., 200D
Oblwgls 33 05 e 4 JoSdg8 hiaud ;0 EP30u .5
Tsaiet al., 1996; Bogaret ) «,ls cdl>s b ygems o

.al., 2008

1. Cumulus
2. Granulosa
3. Plasminogen activator proteolytic pathway
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AY-Y olass gl cpl 51 a8 ol sols idigy Lo SSlis
LSl G Blas s ciog o s JI lls o5
omb b ocwwsYb o b JB3ls 10 0.05 51 S P-value
Gl pl.cd )8 18300 kbalsls b o5 ol cawo
Oloe a4 s (Bl g wald olbesl GSEA-SNP 4 j=
yohilen a8 5 118 colail 050 slae)  slogys
b YO ol wad g odmline ¥ Jgux o oS
Szl g g sl B wlis s 0 (60,5ee
Wiwd  (Swod sl olislies can L Jslo
Sl oo sdaliv 45 )5.’4.&@ Lloaus u*’)‘)f azsls
o) s (p )l Sxe defense responsg...
OM\)QL..M) aS ol w&jf u.a‘ ) gs")ﬁb}‘> l) Ja.ufo
odos .ol Q‘..\.o?u 6@@])3 o ‘5..0.:‘ (oraind u,....a.a
g8l ol 4 bgrye joue (nl )3 35290 b0
Sz 90 losre (Sl ul slagy el oS o)
IL-12 4 IL-9 dL-8 dL-6 dL-1 Joli juwe ol 5o
5 Olaess o ,Sles o S Xol ud aioe
ool 4S5 ASE 000 bl iy Sess bl
oo b aS ugleals Silog slaJobo 5 @l Sy
JsSdsd 5l aisdi o oaseli glgalS= gyl oSS
b, cSlagl J3bs @y 559)L 5 JUtl Cgz 5 oads lax
ol ol cals (6,08 Sass alisee sladis Wgd oo
Espey and Richards,alesls yLis oledl axl,s 4 1,

.(2006; Richards, 2007; Russell and Robker, 2007

degeze (Jy e yaxie gl plail S plaess
doJedg g dafdonjoil Jold acawsSol 5l oot
Bl Glise ol 5o Walowsh) 5 il She
Brannstrom ang wleas caalie olaess jo JoSes
b dheca Youe ;o b Jdg,555 (Norman, 1993

Bukulmez and) ails sg2g 8,5 > 5 Js5tsd
Sl sl by 95 a5 oals ools yLis .(Arici, 2000

WSl CS L g i Sl o eolgils oyl
Cawdy ol sl » .(Kobe and Kajava, 20010
Sy 9o Molecular Interactioh esls oL ;1 suel
sl ansls 3w wilgs o LRRCA0 L a5 Jlas|
ol aelais ;o CDCBL 4 wizs SNW1T 4 CDCS5L'
MRNA il 4o Lais SNWI 3 MRNA _il,s
o,ls s

O Bl 3 YO pgieesS sy e SNP
4 GeBgn ) ol Jpame 9 0)ls 18 KCNMAL
3k S 9 Sl (goly JUB S5 a5 Cesl o (e
ol el Jsboo Sl sy ol polio Jlisl o]
oRIBIL Ly Lae (oSl Jenily i L JUB
090° & el g 0l b pendS (Jobo (g0 il
99 5% So Sl Jolss 68 o 5 35800 3,1y Jobo
Salkoffet al., 2006; Contegt al., ) 59 oo Lie )b
5 ool o0 ly ol bl o JUS ol (2016
sl sleplal 5 530 ladshe ;o o (Sl (it
Jols (6,50 slacil o umen sl Glo axalo
38 g WSS (aan g plaest) (o lapll
ol (Behrenset al., 2000 o,ls o439 s JU,ol
(Sl Sl it o Slee iz 3 plas et
s JpS wble slaazale olal s asls
(51 55 53 50 slosle (KA a5 g5
S sl ps g oaso Jlal gilule, udas
L obdye gloanld sl )l )0 Guizen ojls il
G sl y2lee g 35 il (b (65len
2 oely SJU 005 (285 4 azgs Lol
Selie clao,Sles L Wiy o KCNMAL el
e 13 3t cou ) Jreadss g (5 NSz an
plsl Ghaagls Laodss lio g5, o5 slasdllas o
Aol Slao g, KCNMAL 5 a5 0 b)l5S s
Lietal,) el Sgo () megm (o 5 (25aloss
(2018

D L S G T P
& sasgerme ilu e iy bopgss S5 Gl
sy 5 sl 5 o Sles Sk plulid Cex

1. https://mint.bio.uniroma2.it/
2.Cell division cycle 5-like protein
3. Ski-interacting protein
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g Jready L s e slepll Slule o b JsSUse
3 ‘}5]53‘; . i e J_;_;Lo Q‘ s e 0 6LDJ51“J
Cewl 00l odalive (yuizmen .35 ,ls 54>g theca sl Jolu
AS o iy 1y el sl (laess ;o ajldg,Sle aS
Smolikovaet al., ) axiws o . So) sl lagy | 5l (S aS
SSbgezr  planle & IL-8 55, (2012

Sk o a aS e ST IL-L g TNF-o clawss o
OB ISz pla o JiSdgh slas b Bl
3 G Sasu 5 Sl 5 pl a5 ead <ol g Wyl
(Takeharaet al., 1997 wuss o Jwliél 1) 5e5 >
S TNFo 5 1L lpee 45 Cowl o0 olo Cpioean
Ll s eSS & by IS mbo
ole Sl 5 ity Cenl ot Sy 25 Wy g golisS
Loret de) cuwl (s 9olisS alowy 4y S 25 (590)

.(Molaet al., 1998
eplanle a5 wsle s Sldlas 31 ol olows
G 5 0S5 b laass slas Slos Sl Sae

Al (Ko Ll 2591850 Cao L (P <0.0D) o sxe job a0 a5 oo e -V Joox
Table 2. GO terms significantlyp(< 0.01) associated with twinning trait

Category P-value numDEInCat numinCat Term Ontology
G0:0006952 1.79E-08 48 75 defense response BP
G0:0007155 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
G0:0035335  0.001050407 44 91 peptidyl-tyrosine BP
dephosphorylation
GO:0051895  0.00106603 9 11 negative regulation of focal 5,
adhesion assembly
G0:0019372 0.001140339 6 6 lipoxygenase pathway BP
G0O:0005856 0.001587861 82 192 cytoskeleton CcC
GO0:0090630 0.002425294 19 33 activation of GTPateity BP
GO:0019369  0.002727764 8 10 ara"h'dog'r‘;?g'sds metabolic  gp,
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 devedopm BP
GO:0008286  0.003844635 19 34  Insulinreceptor signaling BP
pathway
GO0:0045171 0.004118489 24 46 intercellular bridge ccC
G0:0014069 0.004649462 41 89 postsynaptic density CcC C
G0:0008585 0.005615842 12 19 female gonad developme BP
GO:0048009  0.005771475 6 7  Insulin-ike growth factor BP
receptor signaling pathway
G0:0043968 0.007032834 9 13 histone H2A acetylation  BP
G0:1902476  0.008269465 26 53 chloride ransmembrane gy
transport
GO:0032147  0.008732735 19 36 ac“"a“ona‘c);\%;te'” kinase  gp
GO0:0007052 0.008738724 13 22 mitotic spindle orgtivon BP
GO:0030054 0.009294876 78 192 cell junction CcC
G0:0005768 0.009668248 60 143 endosome CC

BP: Biological Process; CC: Celular Components

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



\Al

EY-A) VAR Gl pgo ojladlpiin Jlo ol Sladys oliios

Selstamet al., ) i90 5 (Van der Hucket al., 1995
LSS o besig ol el oals 3,155 (1993
2S5 5 s sk 4 sk Jlail ool s sl

(Lung and Hitt, 19924 ls s Jslw
31l o5 YF olaws L intercellular bridge e
mail Jolu glizl cwlid siws ;0 o ol 0
walp bk oddl Jse om slady osdie
EL S P TRNUCR W W] . N PV PR S P O
L3 s ol et Sz g8 SLlS JSl5b (sl Jhos
S oo En ) S sladsbe s SeS G
WS oo @213 1) ol ye L by ) a5 ool slpri

e (B 5 poiemy JiSls sladshe dagpl el 5l as
Andreuccett) suS oo Jiie Sz Jobo 41 olge

(etal., 1978
sliz! 54l 5> as cell junction jewwe lgn wls
2 Py S Gt 3l S cwl ok
Sl32) Jols sl 55 (pme st sloai] b
wz b g o |y Jlail ol asl Ky a5 el sk
sl sk @5 mSesle 5 Jske o b Jsho
bl ez abanly GlaceSyn cuae onl )3 0S5
sbo ok SISl & Jshoo Sy Jolos ISl ol
gl 1ok 2,5 S5le 50 Hefgn Su L sl
S e ol b S Ll slas
ko, Slas glils aan a5 el Chiled Term o
Loy oo @ ol Jlail g L3I glaonl3 )0 (coge
ol 5l S gap junction s aies 4l céb 4
Cdld yn (pl joaS Slacpiig g odas ool s
ol 5o aS as Gap junction gla g WS oo
GIAL ool L opypgy ol 5l ooe il (il
s ) ;5 GIB5 5 GIB4 GJAL0 GJA9 GJIAS
OeeSE Glye b lagesgn Gl S 18
Jolis (pnSSIS 00lgils aiiwa jseie 55 (CONNEXin
ok s A JUIS S5 L oS aiis (g Y-
B sl ssse 5 biddplio joe Cux 1) (6
&S ol oad BT WS pal Jobe 39 o
ooy sanl Cuz eSS Gelign naiz
e 89y o el Lladd aiis (5,900 S
5 owl giwl dlex ) (cdie Slge a5 was o LS

Orired 9 b9 555 (55l Jlsd 5 (65510 50 a5 Cunl
lwabe et al., ) s)ls i o155, 5 Jobw 255 5o
3979 9 ddgs b oakal, o soaxie o b,l5 (1998
(Ushigoe et al., 2000  jiso lowss ;o IL-8
(Ujioka et al., 1998a; Ujiokeet al., 19980  ,io5 >
Runessoret al., 1996; Runessost al., ) L.l 4
ol 85 cl oad sols plis g Canl oud sl (2000
Saogeyge Sobe (JeSdgs S5 0 plgule
hl 5 G IESass )5 e 3,Sles (gaSg !

Sl el IVF
@ Joo S (Saws 4 by e cell adhesion,....
homophilic cell e ool b 8l 4 L Koo Jolo

adhesionvia plasma membrane adhesion molecules

3leolaiul b oo 4 b Jols Sz 4 bgye laid
o5 Voo olaws ails 0ezg 4y o a5 adhesion
30 s ol ol saimolis a5 Wog o Jxe
Jsbo a5 a5 pl @ as g5 b sl lawss slaas] )
ol o ablol Jsbu Y iz aliws 4 Soss
5 s Jies oy &5 w0 Sl 4 ilaie
ab) p 6ol 8l el baome 9 SeSS G (LS
sdes Bl atils IS anl g g el
blo,l a4 basye a5l 28 e 90 (pl o a5 Slaiys
@ ol by gl Ol yo s Jobo 4 Jslo
CNTN4 sl catenin oolgls Lo W slagys
3> 45 Protocadherinsls,; €TNNA3 4 CTNNB1
PCDH1 oile s cadherin §,5  oolgls
Cadherineslgils sl «. 5 PCDHB1 PCDHA2
5l ol olass 5 .. 5 CDH15 .CDH11 .CDH8 asile
Cadherin oolgils gl 0,5 o)lal Ko slayys
SRR o &5 WS (0 05 ) (plantis nsSOMS

Sid ndS gy alaisly 4y Jolos - ol LLS )|
Sk izl qwlis g s3> a5 cytoskeleton,....
aS Sl gt cpl 5ol ge S s [0 51l
Wdg o Zre e ol 05 VAT 5 5 AY olaws
P el Glacessn B b Sllls
ole sl las laesw g JoSJed sleo Slas
GeS pdiz Glaess o ™ bl gloiptioy
45 «(Marettova and Maretta, 20D2uaws5  Jolis



wps Siagy 00,S adllas jloslainl b g5 sbvacgorme (g3l sié Julod 5 450 0] )Kan ¢ 0,8 Lelowl (s090 g Y¥

b gy boanlp ol 4 s ol by o
0 Tl 5 slaJsbe 5| CXAB ol 51 45 pmn 0t g
odd oals lis 0,8 o il 09l o Jlo)l Sesu
CXA3 JUS 6 piydots LaalS o LH e 5 a5
ukm)nldldow)wwyw;)%cwmlf5
Norriset ) casl CX43 (1sigy YAY/YVA 5 YT YOO
S sre ipgh cpl o aS 6,550 sbe s (al., 2008
Sz Jobo JolS5 5 0 slaan T b 50 (5926 4 ainds

ALl 5L

S (S A

sl s Ghagh ol 5o el Ceoy @S 4 axg L
5 7ok WhasS l5 50 el pll L ye slatagh
by slcdbyly (lpl (oo wibwsS slasly Koo
S e lislaizr 5 sl Cho bl Sl S5
GDF9 wils wilowss aiS” Syl e slasly jo et
Sl glslz 5 BMP15 3 BAGALNT2 BMPR1B
ety e 5 oy Ylazsl 5 wiloasi lulis
(oo crl o Wl B Che Gl sep 0 6%
e iloas 51 e g oy cpl 5l golass

5o loads cull g ope &5 llo defense response

5 SwsS Gad e o bl 4 aline gl
Sigdge @b Jssdgs 5l ol SLbl sla gk 51 (S5
L obls)l o Bose a5 6,50 6lbojrne cizxan
5 Jssdsd sladsbe (rm bLS, 5 o Jsle (Satiws
axg b aS wal o Jee Glegh pl jo wisg S
ol Glo g ( Seas a4 ke ol 5l olse Jlal
4 cell junction e ow, oo Hh @ dhie by
3o 00,58 5 Slas )l SO sloyusiy  adaly
2 sl S sladsbo 5l U 5 breuslie JUisl
s ol G0 Slee e 31 (SO el S
1¢l5,5 sla Jobw 4 CX43 alawly 40 GDF9 jI L
& SIS Gl el 4t bl

J 50 S sl g gl Coles sl (BSOS
3k 990 COGMP 5 Stz PH oais 6l lagyg )
(Sigee By >3 S bis g o)l sl
oo slmy! gl JUIS abauly 4 1355l 5 sloJskes 5| dan
2 Ngdee Jiie Sexi 4y eSS lacsn b
sl e oad slml b JUIS (g, ez 1l
SR s 5 b S Ko 5 Lislyl
soee din ()8 dalol el g 0gd 0 Sass 5 CGMP
Norriset al., 2008, 2009; Santiquet ) 545 oo p2l,8
K .@l., 2012, 2013; Wigglesworttt al., 2013
35 1, (CXB7) YV SIS a5,y a5 GIAG o5 a5
Sladsle 5 Kok o S LS w055 Bl WS s
2 ERd (e SISt S Wgyee Gl s dgilS
g so ABgie b Ses wl ) (>l (o ol Sesw
B R P O P T =T LT JUPRY
Cews e a0l Jlaml 4y oS Ws o0 (e 5l 4z
el sl S sladshe b Sidplia L3 ol
Sz ol caws 5l L ol en (Simonet al., 1997
009 OlimiSd 4 gt LdelS sl she
s olyl JUIS oWl el (San (gl by oS oo
sladsbe 511, 5l 0550 slacednbie s & CX37L
3,8 iz b S asly s Jiie SesS 4 glgil S
I bedgls sladeke ples b b ol Sesw
S5l 6,8 Sazs 1 il oy095 (sl
S e

CX43 axci ;o 5 GIAL 5 w3l oS LlacSess
S5 lis b iales] it il JalSs Ll 5l s
pac 5 ool CX43 w3l sl JsSss iund ad, a5
U ples 5 b, 55556 4 Ll slo sk 55l
Sogo b Szt g s dlwy 4 oS (GDF9)
sled 9 o) G GDFY .l 098 oo 5 cnlSTL
L .(Gittens et al., 2005 543 oo 595,58 slo gl
Cao 0 GDFY i 500 5155 pae 4y a>gs
NS ol ol Jleinl &y il lasassS aljolso
GDF9 (eitins e 530,15 5 5o o)bys (5,155 ol
5 cell junction ,eo olobis ahwly 4 a5 col
S9d o0 i)l e cpl o Gap junction sla
Winterhager and Kidder (2015)_: Sledbl 41 ,)
(844 dsllao



Vo EY-A) VYA il pg0 o ol it Jlo ol Sladg oligios

MN-YE Slras lpaol sais oKl Ol izl sls o5 #Mal 5 (glacaio AYYA 7 Ld (g9 g o p ol
PCRSLSS 5l oolaiwl b (g )liBn (5 ol (lacawsS o FecB 5 (JSK6 s gy AYAY e L1 g 8 (6,0l

(@) Ol oA (ol @lin 5. (65)9LS S 9208 1o g VR 5588 (ol psle 0SS (s lo RFLP
S5 AhossS 1 2liliss b Lo e GDFO 4 BMP15 [FeCB isloyys jo s5z 50 slo Stz olulid AYAD 1 (g el

(ol gk e 5 (55,5LiS pole olSiils ol bl IS 0590 asl (L s i )

)0 0990 6L® w.e‘? ‘5>L~HL»-A.AJ Avaf & 4..4‘51»..5 oé‘)' ‘51...’.0....4‘ 9 s_i.tla).e,.u 6&‘).0 e e 6&[4‘..\.0.790 “) ob‘)’ w?o‘..\}
Gl 6 5 Bleg, slaolis (B I ol aiseel GlathwsS GDFO ()5 Y (59551 (B (giie) ol aes
N0 (DY (sl Dlady olagss

L Ls,e BMPR-1B )5 j0 S8 aiz cwypm AYAY & S0 ) ooly Gl g op (Bolo ol o)lex Slow oy g)]5
e Vo g VA eaS als pole 0,X5 (ree)lozr PCR-RFLP. (g, 4y S35 ol5 plasawsS o alislaas

(Z5) Olps oBiils anl mlio g (63,9laS o p
s PBR 35, 5l oolawl b glowiw ol aiawsS ;0 GDF9 g FecB « BMP15sle 5 (JShai> o) AYAY L5 Slels

ol sk mlis 5 (65,5l pale olKisls (5 25 0,90 asli Ll SSCP

él.:—l uuL..C Q‘f C)Lo‘ Olio.n.u.“ ‘_8514 Q‘M; ‘;W xR \\‘“°L~ ‘ & é‘).a Golm‘ 9 ¢« )% u)}o.e‘_'a )P 51.7:....:
SFOA-FOY «(FIY o))l sols pole sl simghy agie

I aio . wlis g ol jlacl . Fwe adg 655090528 AYAD 7 o (5 o

Ao 5, Jl o 32,0 BMP15 5 Y 19381 UKo iz AYAA Lo 00l (S5 g ey oo 0Ll oo oy 00y & e

AP (55,5088 (5515502

Abdalla E. A., Penagaricano F., Byrem T. M., WeigelA. and Rosa G. J. M. 2016. Genome-wide astoaia
mapping and pathway analysis of leukosis incideittea US Holstein cattle population. Animal
Genetics, 47(4): 395-407.

Abdoli R., Ziaeddin- Mirhoseini S., Ghavi Hosseiageh N. and Zamani P. 2018a. Screening for caesativ
mutations of major prolificacy genes in Iranian-taited sheep. International Journal of Fertilityda
Sterility, 12(1): 51-55.

Abdoli R., Ziaeddin- Mirhoseini S., Ghavi Hosseiageh N., Zamani P. and Gondro C. 2018b. Genome-wide
association study to identify genomic regions difer prolificacy in Lori-Bakhtiari sheep. Animal
Genetics, 49(5): 488-491.

Achour L., Labbe-Jullie C., Scott M. G. and MaruBo 2008. An escort for GPCRs: implications forulatjon
of receptor density at the cell surface. Trend8harmacological Sciences, 29(10): 528-535.

Agarwal A., Gupta S. and Sharma. R. K. 2005. Rdélexidative stress in female reproduction. Repraisrac
biology and endocrinology, 3(1): 28.

Andreuccetti P., Taddei C. and Filosa S. 1978 rteftular bridges between follicle cells and oocgteing the
differentiation of follicular epithelium in Lacerscula Raf. Journal of Cell Science, 33: 341-350.
Aulchenko Y. S., Ripke S., Isaacs A. and Van-D@inM. 2007. GenABEL: an R package for genome-wide

association analysis. Bioinformatics, 23(10): 12296.

Bacich D. J., Rohan R. M., Norman R. J. and Rod&er3. 1994. Characterization and relative abunslarfic
alternatively spliced luteinizing hormone receptoessenger ribonucleic acid in the ovine ovary.
Endocrinology, 135: 735-744.

Behrens R., Nolting A., Reimann F., Schwarz M., ®dahutz R. and Pongs O. 2000. hKCNMB3 and
hKCNMB4, cloning and characterization of two mensbef the large-conductance calcium-activated
potassium channel beta subunit family. FEBS Leti#rd(1): 99-106.

Berg J. M., Tymoczko J. L. and Stryer L. 2012. Biemistry (¥' ed.). New York: W. H. Freeman and
Company press.

Bogan R. L., Murphy M. J., Stouffer R. L. and Hebakl J. D. 2008. Prostaglandin synthesis, metainol&d
signaling potential in the rhesus macaque corpteuin throughout the luteal phase of the menstrual
cycle. Endocrinology, 149: 5861-5871.

Brannstrom M. and Norman R. J. 1993. Involvemenieatocytes and cytokines in the ovulatory proarss
corpus luteum function. Human Reproduction, 8(130B2-1775.



wpgis g 00w dslllas looliiwl b g5 slads gome (g3lu e Julow g 43350 1) Sen g 0,8 duslowsl (s0g0 s \4d

Bukulmez O. and Arici A. 2000. Leucocytes in ovarfanction. Human Reproduction Update, 6(1): 1-15.

Calder M. D., Caveney A. N., Westhusin M. E. andt$@a A. J. 2001. Cyclooxygenase-2 and prostaglaBdin
(PGEZ2) receptor messenger RNAs are affected bynbovocyte maturation time and cumulus-oocyte
complex quality, and PGE2 induces moderate expangfothe bovine cumulus in vitro. Biology of
Reproduction, 65(1): 135-140.

Clutton-Brock T. and Sheldon B. C. 2010. Individuahd populations: the role of long-term, individoased
studies of animals in ecology and evolutionarydigl Trends in Ecology and Evolution, 25: 562-573.

Coleman R. A., Smith W. L. and Narumiya S. 1994ednational union of pharmacology classification of
prostanoid receptors: properties, distribution, astducture of the receptors and their subtypes.
Pharmacological Reviews, 46(1): 205-229.

Contet C., Goulding S. P., Kuljis D. A. and Barth |A 2016. BK channels in the central nervous systin
International review of neurobiology, 128: 281-342.

Coonrod S., Vitale A., Duan C., Bristol-Gould S.erd J. and Goldberg E. 2006. Testis-specific lactat
dehydrogenase (LDH-C4; Ldh3) in murine oocytes mramplantation embryos. Journal of Andrology,
27(4): 502-509.

Davis B. J., Lennard D. E., Lee C. A, Tiano H. Mgrham S. G., Wetsel W. C. and Langenbach R. 1999.
Anovulation in cyclooxygenase-2-deficient mice isstored by prostaglandin E2 and interleukin-1.
Endocrinology, 140: 2685-2695.

de Mola J. R., Goldfarb J. M., Hecht B. R., BabboJG Baumgardner G. P. and Friedlander M. A. 1998.
Gonadotropins Induce the Release of Interleul@inkiterleukin-6 and Tumor Necrosis Factofrom the
human preovulatory follicle. American Journal ofgReductive Immunology, 39(6): 387-390.

Drouilhet L., Mansanet C., Sarry J., Tabet K., BardP., Woloszyn F., Lluch J., Harichaux G., Vig@e
Monniaux D., Bodin L., Mulsant P. and Fabre S. 2013e highly prolific phenotype of Lacaune sheep
is associated with an ectopic expression of the B4GI2 gene within the ovary. PLOS Genetics, 9(9):
€1003809.

Duffy D. M. and Stouffer R. L. 2001. The ovulataggnadotrophin surge stimulates cyclooxygenase esjme
and prostaglandin production by the monkey follidi#HR: Basic science of reproductive medicine,
7(8): 731-739.

Duffy D. M. and Stouffer R. L. 2002. Follicular admstration of a cyclooxygenase inhibitor can prgveocyte
release without alteration of normal luteal funotim rhesus monkeys. Human Reproduction, 17(11):
2825-2831.

Durinck S., Spellman P., Birney E. and Huber W. 208lapping identifiers for the integration of geriom
datasets with the R/Bioconductor package biomaRtuié Protocols, 4; 1184-1191.

Espey L. L. and Richards J. S. 2006. Ovulation.d&taic Press, Elsevier.

Everse J. and Kaplan N. O. 1973. Advances in Enfygyoand Related Areas of Molecular Biology'(&d.),
Lactate dehydrogenases: structure and function. Xank: An interscience publication. Pp. 61-133.
Fabre S., Pierre A., Mulsant P., Bodin L., Di PadguE., Persani L., Monget P. and Monniaux D. 2006.
Regulation of ovulation rate in mammals: contribatiof sheep genetic models. Reproduction Biology

and Endocrinology, 4(1): 20.

Fogarty N. M. 1995. Genetic parameters for liveghéi fat and muscle measurements, wool productiah a
reproduction in sheep: a review. Animal Breedirg(3y: 101-143.

Forges T., Monnier-Barbarino P., Alberto J. M., @uieRodriguez R. M., Daval J. L. and Gueant J. Q072
Impact of folate and homocysteine metabolism on dumeproductive health. Human Reproduction
Update, 13(3): 225-238.

Gholizadeh M., Rahimi-Mianji G., Nejati-Javaremi, e Koning D. J. and Jonas E. 2014. Genome wide
association study to detect QTL for twinning ratdaluchi sheep. Journal of Genetics, 93: 489-493.

Gilmour A. R., Gogle B. J., Cullis B. R. and ThoropsR. 2009. ASREML User Guide Release 3.0. VSN
International Ltd, Hemel Hempstead, UK.

Gittens J. E. I. and Kidder G. M. 2005. Differahttontributions of connexin 37 and connexin 4®ogenesis
revealed in chimeric reaggregated mouse ovariegndbof Cell Science, 118(21): 5071-5078.

Gmyrek G. B., Sozanski R., Jerzak M., Chrobak Aickiéwicz D., Skupnik A., Sieradzka U., Fortuna W.,
Gabrys M. and Chelmonska-Soyta A. 2005. Evaluatbrmonocyte chemotactic protein-1 levels in
peripheral blood of infertile women with endomesi® European Journal of Obstetrics and Gynecology
and Reproductive Biology, 122(2): 199-205.

Goldberg E. 1975. Lactate dehydrogenase-X from mdestes and spermatozoa. Methods in Enzymology, 41
318-323.

Goldberg E. 1985. Reproductive implications of L@HA-and other testis-specific isozymes. Experinieantd
Clinical Immunogenetics, 2(2): 120-124.



vy EY-A) VYA il pg0 o ol it Jlo ol Sladg oligios

Harris S. M., Aschenbach L. C., Skinner S. M., RoB. L. and Duffy D. M. 2011. Prostaglandin E2apiors
are differentially expressed in subpopulations Englosa cells from primate periovulatory follicles
Biology of Reproduction, 85(5): 916-923.

Henry Davis G. 2005. Major genes affecting ovulatiate in sheep. Genetics Selection Evolution, B2(1L

Hirschhorn J. N. and Daly M. J. 2005. Genome-widsoaiation studies for common diseases and complex
traits. Nature Reviews in Genetics, 6(2): 95-108.

Hizaki H., Segi E. and Sugimoto Y. 1999. Abortiwgansion of the cumulus and impaired fertility incen
lacking the prostaglandin E receptor subtype ER8cdedings of the National Academy of Sciences,
96(18): 10501-10506.

Hussein M. R. 2005. Apoptosis in the ovary: molacuhechanisms. Human Reproductuon Update, 11: 162-7

Iwabe T., Harada T., Tsudo T., Tanikawa M., Oonahéarand Terakawa N. 1998. Pathogenetic signifiearfc
increased levels of interleukin-8 in the peritonflald of patients with endometriosis. Fertility éhn
Sterility, 69(5): 924-930.

Kobayashi T. and Narumiya S. 2002. Function of {amsid receptors: studies on knockout mice.
Prostaglandins and other lipid mediators, 68: 583-5

Kobe B. and Kajava A. V. 2001. The leucine-richaapas a protein recognition motif. Current Opinion
Structural Biology, 11(6): 725-732.

Li J., Liu J., Campanile G., Plastow G., ZhangWang Z., Cassandro M., Gasparrini B., Salzano Aa &.,
Liang A. and Yang L. 2018. Novel insights into tipenetic basis of buffalo reproductive performance.
BMC Genomics, 19: 814.

Long J. C. and Caceres J. F. 2009. The SR proteiilyf of splicing factors: master regulators of gen
expression. The Biochemical Journal, 417(1): 15-27.

Luna E. J. and Hitt A. L. 1992. Cytoskeleton-Plasnmembrane interactions. Science, 258: 955-963.

Marettova E. and Maretta M. 2002. Demonstratiomntérmediate filaments in sheep ovary. Acta Histoh
104: 431-434.

Markosyan N. and Duffy D. M. 2009. Prostaglandin &2s via multiple receptors to regulate plasmimege
dependent proteolysis in the primate periovulafolijcle. Endocrinology, 150: 435-444.

Mohammadabadi M. R. 2017. Role of clostridium pgedens in pathogenicity of some domestic animals.
Journal of Advances in Agriculture, 7: 1117-1121.

Mooney M. A. and Wilmot B. 2015. Gene Set Analy#sStep-By-Step Guide. American Journal of Medical
Genetics Part B: Neuropsychiatric Genetics, 16&T¥)-527.

Murdoch W. J., Hansen T. R. and McPherson L. A.3199review-role of eicosanoids in vertebrate otiala
Prostaglandins, 46: 85-115.

Nguyen M., Camenisch T. and Snouwaert J. N. 199¢@. grostaglandin receptor EP4 triggers remodethhg
the cardiovascular system at birth. Nature, 3968%8

Norris R. P., Freudzon M., Mehlmann L. M., CowanEA, Simon A. M., Paul D. L., Lampe P. D. and gdff
A. 2008. Luteinizing hormone causes MAP kinase-ddpat phosphorylation and closure of connexin43
gap junctions in mouse ovarian follicles: one obtpaths to meiotic resumption. Development, 135:
3229-3238.

Norris R. P., Ratzan W. J., Freudzon M., MehimannM., Krall J., Movsesian M. A., Wang H., Ke H.,
Nikolaev V. O. and Jaffe L. A. 2009. CyclicGMP frtme surrounding somatic cells regulates cyclic
AMP and meiosis in the mouse oocyte. Developmed; 1869-1878.

Parent A., Roy S. J., lorio-Morin C., Lepine M. Cabrecque P., Gallant M. A., Slipetz D. and Parknt.
2010. ANKRD13C acts as a molecular chaperone fopr@ein-coupled receptors. The journal of
Biological Chemistry, 285(52): 40838-40851.

Penagaricano F., Weigel K. A., Rosa G. J. M. anatikhH. 2013. Inferring quantitative trait pathways
associated with bull fertility from a genome-widgsaciation study. Frontiers in Genetics, 3: 307.

Peters M. W., Pursley J. R. and Smith G. W. 200M4ibition of intrafollicular PGE2 synthesis and ¢ation
following ultrasound-mediated intrafollicular injigan of the selective cyclooxygenase-2 inhibitor-NS
398 in cattle. Journal of Animal Science, 82(6)564.662.

Pramod R. K., Sharma S. K., Kumar R. and Rajan @132 Genetics of ovulation rate in farm animals.
Veterinary World, 6(11): 833.

Purcell S., Neale B., Todd-Brown K., Thomas L.,rfEga M. A. R., Bender D., Maller J., Sklar P., Bakker
P. I, Daly M. J. and Sham P. C. 2007. PLINK: aldebfor whole-genome association and population-
based linkage analysis. The American Journal of &tlu@enetics, 81(3): 559-575.

Regan S. L., McFarlane J. R., O’'Shea T., AndronigsArfuso F., Dharmarajan A. and Almahbobi G. 201
Flow cytometric analysis of FSHR, BMRR1B, LHR ambptosis in granulosa cells and ovulation rate
in Merino sheep. Reproduction, 150: 151-63.

Richards J. A. S. 2007. Genetics of ovulation. $amns in Reproductive Medicine, 25(4): 235-242



wpsh gy 00w aslllas loolaul b g5 slads goma (g3lu gie Julod g 43350 1)) e g 0,8 Joelowsl (s0g0 e YA

Roller R. J., Kinloch R. A., Hiraoka B. Y., Li S.. @and Wassarman P. M. 1989. Gene expression during
mammalian oogenesis and early embryogenesis: dgatiin of three messenger RNAs abundant in
fully grown mouse oocytes. Development, 106: 251-26

Ronnegard L., McFarlane S., Husby A., KawakamiHilegren H. and Qvarnstrom A. 2016. Increasing the
power of genome wide association studies in nafuoglulations using repeated measures — evaluation
and implementation. Methods in Ecology and Evohutit: 792-799.

Runesson E., Bostrom E. K., Janson P. O. and Birmmdvi. 1996. The human preovulatory follicle is@urce
of the chemotactic cytokine interleukin-8. MHR: BaScience of Reproductive Medicine, 2(4): 245-
250.

Runesson E., Ivarsson K., Janson P. O. and BrammsM. 2000. Gonadotropin-and cytokine-regulated
expression of the chemokine interleukin-8 in thenha preovulatory follicle of the menstrual cyclder
Journal of Clinical Endocrinology and Metabolisrb(B1): 4387-4395.

Russell D. L. and Robker R. L. 2007. Molecular matdbms of ovulation: co-ordination through the ciusu
complex. Human Reproduction Update, 13: 289-312.

Salkoff L., Butler A., Ferreira G., Santi C. and Me 2006. A: High-conductance potassium chanoé¢lthe
SLO family. Nature Reviews in Neuroscience, 7(B2)1-931.

Santiquet N. W., Develle Y., Laroche A., Robertd@d Richard F. J. 2012. Regulation of gap-junctiona
communication between cumulus cells during in vitraturation in swine, a gap-FRAP stu@jology
of Reproduction, 87(5): 46-51.

Santiquet N., Robert C. and Richard F. J. 2013. @eamics of connexin expression, degradation and
localisation are regulated by gonadotropins dutiing early stages of in vitro maturation of swine
oocytes. PLoS ONE, 8: 68456.

Sargolzaei M., Iwaisaki H. and Colleau J. J. 2006C: A tool for monitoring genetic diversity™8norld
Congress on Genetics Applied to Livestock Producti8-18 August, Brasil. Pp. 13-8

Segi E., Sugimoto Y. and Yamasaki A. 1998. Patemtub arteriosus and neonatal death in prostagiandi
receptor EP4-deficient mice. Biochemical and Bigpbgl Research Communications, 246(1): 7-12.

Selstam G., Nilsson I. and Mattson M. O. 1993. @esnin the ovarian intermediate filament desminduthe
luteal phase of the adult pseudopregnant rat. Rhisiologica Scandinavica, 147(1): 123-129.

Serdynska Szuster M., Jedrzejczak P., Ewa OzegokisKdotysz H., Pawelczyk L., and Piotr JagodzinBKi
2016. Effect of growth differentiation facte® C447T and G546A polymorphisms on the outcomeés of
vitro fertilization. Molecular Medicine Reports, 18437-4442.

Simon A. M., Goodenough D. A., Li E. and Paul D.1997. Female infertility in mice lacking connex3.
Nature, 385: 525-529.

Sirois J. 1994. Induction of prostaglandin endogigi® synthase-2 by human chorionic gonadotropinavine
preovulatory folliclesn vivo. Endocrinology, 135: 841-848.

Sirois J. and Dore M. 1997. The late induction afgtaglandinG/H synthase-2 in equine preovulatotjcfes
supports its role as a determinant of the ovulapoogess. Endocrinology, 138: 4427-4434.

Smolikova K., Mlynarcikova A. and Scsukova S. 20Rdle of interleukins in the regulation of ovarian
functions. Endocrine Regulations, 46(4): 237-253.

Steegborn C., Clausen T., Sondermann P., Jacovarhs M., Marinkovic S., Huber R. and Wahl M. C999
Kinetics and inhibition of recombinant human cylstahine gamma-lyase. Toward the rational control of
transsulfuration. Journal of Biological Chemist2y4(18): 12675-1284.

Sun Q., Collins R., Huang S., Holmberg-SchiavoneAnand G. S., Tan C. H., van-den-Berg S., DengVL,.
Moore P. K., Karlberg T. and Sivaraman J. 200uctrral basis for the inhibition mechanism of human
cystathionine gamma-lyase, an enzyme responsilslehfo production of b5. Journal of Biological
Chemistry, 284(5): 3076-3085.

Szymanski W. and Kazdepka-Zieminska A. 2003. Eftédtiomocysteine concentration in follicular flush a
degree of oocyte maturity. Ginekologia Polska, 0%(1392-1396.

Takehara Y., Dharmarajan A., Kaufman G. and Wallacth997. Effect of interleukinfflon ovulation in the in
vitro perfused rabbit ovary. Endocrinology, 1348871793.

Tamura T. and Picciano M. F. 2006. Folate and humgoroduction. The American Journal of Clinical
Nutrition, 83(5): 993-1016.

Thaler C. D. and Epel D. 2003. Nitric oxide in oteymaturation, ovulation, fertilization, cleavageda
implantation: a little dab’ll do ya. Current Phareatical Design, 9(5): 399-409.

Thierry-Mieg D. and Thierry-Mieg J. 2006. AceViea:comprehensive cDNA-supported gene and transcripts
annotation. Genome Biology, 7(1): 12.

Tsai S. J., Wiltbank M. C. and Bodensteiner K. 2O@. Distinct mechanisms regulate induction of raegsr
ribonucleic acid for prostaglandin (PG) G/H synth&s PGE (EP3) receptor, and PGH2ceptor in
bovine preovulatory follicles. Endocrinology, 138348-3355.



va EY-A) VYA il pg0 o ol it Jlo ol Sladg oligios

Ujioka T., Matsukawa A., Tanaka N., Matsuura K.,s¥imaga M. and Okamura H. 1998. Analysis of the
cytokine interaction among interleukin-l beta, ingekin-8, and interleukin-1 receptor antagonistha
rabbit ovulatory process. Fertility and Sterili#Q: 759-765.

Ujioka T., Matsukawa A., Tanaka N., Matsuura K.,sfimaga M. and Okamura H. 1998. Interleukin-8 as an
essential factor in the human chorionic gonadotrépiluced rabbit ovulatory process: interleukin-8
induces neutrophil accumulation and activationvulation. Biology of Reproduction, 58(2): 526-530.

Ushigoe K., Irahara M., Fukumochi M., Kamada M awmho T. 2000. Production and regulation of cytokine
induced neutrophil chemoattractant in rat ovulatBiology of Reproduction, 63(1):121-126.

Ushikubi F., Segi E. and Sugimoto Y. 1998. Impaifelrile response in mice lacking the prostaglarfin
receptor subtype EP3. Nature, 395: 281-284.

Van der Huck R., Dijkstra G., Vanmil F. N., Hulsh®f C. and Van den Ingh S. G. 1995. Distributiorthaf
intermediate filament proteins vimentin, keratinndadesmin in the bovine ovary. Molecular
Reproduction and Development, 41: 459-467.

Vatankhah M., Talebi M. and Edriss M. 2008. Estiowatof genetic parameters for reproductive traitd ori-
Bakhtiari sheep. Small Ruminant Research, 74: 2156-2

Wang L. H., Zhang W., Gao Q. X. and Wang F. 20brEssion of the luteinizing hormone receptor (LHR)
gene in ovine non-gonadal tissues during estroatecysenetics and Molecular Research, 11: 3766-
3780.

Wang M., Guo Z. and Wang S. 2013. The effect ofaterconditions in the regulation of cystathioninlase
by exogenous hydrogen sulfide in mammalian celisciBemical Genetics, 51(7-8): 503-513.

Wang R. 2010. Toxic Gas, Lifesaver. Scientific Aican, 302(3): 66-71.

Wheat T. E. and Goldberg E. 1977. An allelic variainthe sperm-specific lactate dehydrogenase @HAX)
isozyme in humans. Journal of Experimental Zool@&p2(3): 425-430.

Wigglesworth K., Lee K. B., O'Brien M. J., Peng Matzuk M. M. and Eppig J. J. 2013. Bidirectional
communication between oocytes and ovarian follicslamatic cells is required for meiotic arrest of
mammalian oocytes. Proceedings of the National Aogdof Sciences, 110(39): 3723-3279.

Winterhager E. and Kidder G. M. 2015. Gap junctionnexins in female reproductive organs: impliaadifor
women'’s reproductive health. Human Reproductionatpd?1(3): 340-352.

Wong W. Y. and Richards J. S. 1991. Evidence fov tmtigenically distinct molecular weight variamtf
prostaglandin H synthase in the rat ovary. MolecHladocrinology, 5(9): 1269-1279.

Yang G., Wu L., Jiang B., Yang W., Qi J., Cao Kemg Q., Mustafa A. K., Mu W., Zhang S., Snyder Sakd
Wang R. 2008. k6 as a physiologic vasorelaxant: hypertension icemiith deletion of cystathionine
gamma-lyase. Science, 322: 587-590.

Young M. D., Wakefield M. J., Smyth G. K. and OsiaA. 2010. Gene ontology analysis for RNA-seq:
accounting for selection bias. Genome Biology, }:112.

Zamani P., Akhondi M. and Mohammadabadi M. R. 204$sociations of Inter-Simple Sequence Repeat loci
with predicted breeding values of body weight iregh Small Ruminant Research, 132: 123-127.



J%& Animal Production Research i
Wr@ P Vol. 8, No. 2, 2019 (63-80)

PAnimal Production Research

University of Guilan

Resear ch paper

Gene set enrichment analysis using genome-wide association
study to identify genes and biological pathways associated with
twinning in Baluchi sheep

S. M. Esmaeili fard}, S. H. Hafezian?, M. Gholizadeh®, R. Abdolahi Arpanahi*

1. Ph.D Student, Sari University of Agriculturali@wes and Natural Resources, Sari, Iran

2. Associate Professor, Sari University of Agriaudtl Sciences and Natural Resources, Sari, Iran
3. Assistant Professor, Sari University of Agricuétl Sciences and Natural Resources, Sari, Iran
4. Assistant Professor, University of Tehran, PaAboreyhan, Tehran, Iran

(Received: 12-12-2018 — Accepted: 22-01-2019)

Abstract

Baluchi sheep is one of the indigenous sheep bresgisating from the eastern part of Iran angiadapted to
the severe weather conditions. The economic efftgieof sheep breeding is clearly related to theagpction
efficiency of the ewes. In this study, twinningitigas studied as an important reproductive tiigtidentify the
genes associated with twinning trait, genome-wspaiation was done using 91 Baluchi ewes genotyyid
50k lllumina SNP chips. For this purpose, the edéshrepeatability model was used. In the next stegne set
enrichment analysis was implemented to identifyliitdogical pathways associated with the twinniBx SNP
markers on chromosomes 1, 3, 10, 15 and 25 locdatedTH, ANKRD13C, SRSF11, PTGERS, LDHB,
LRRC40, and KCNMAL genes were identified. Accordiogpathway analysis, 25 pathways were associated
with the twinning trait. Among those pathways, tlefense response biological pathway has an impanéa

in the ovulation. Interferons and interleukins #re main cytokine proteins in this pathway. Thegmwkines
create a process such as inflammation that caussses releas&om the follicle into the oviductor transport
and fertilization. Cell adhesion and intercelluteidge pathways were other significant pathwaydl jGection
pathwayvia the CX43 protein can affect the transfer of GDFfeéats to granulosa cells. To the best of our
knowledge, this is the first study that reportdriact effects of GDF9 on twinning trait in Iraniaheep.
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