WWAD Gl 5 e VY oyles i Jlo ol Sladss slodngyy

Gl b @il 9 (559U pole ollitils
ol Gladg sleedgsy

0 3y 2l Chwo LBMPLS g GDFI by JSChwss blo )l

f 2 Y Y B . . ) .. . .
ol ozl ylobiasl 5 Lazils s )| ol IS axsgel yzils -F 4 ¥ 0
(dashab@u0z.aC.ir :Jggue 0dius g5) « ol olisls ¢ Lol -¥
AV/FIF el o b

AYN 1Y b pdy &b

oS

b e A Sz glags Syl odle &5 sl 3 Ghygn 50 @olaml Gliw o yinte 3l (K (lisiniy
@ (Fawggl Wi b oy 5l )gisl o0lgils @ Blaio g 93 &5 Wl (adido 3l GLaaRS 0 .ablioo 3 SHp F1L Glayj
2 (Il sy gandbo polo gl Gub Wb (5)9p8 SRH)SWR g (JeSlsd Wiy sl BMPIS g GDF9 glapli
digos .Cawl 2liglBuse lime b H95de solyle j0 sud HLull igij gl bLS I g BMP15S g GDFY 5 ol >
(Slo iy STy .55 plomil (Sod aily ditr Ghgy U DNA gl il g o axd )5 Solad by 35 0 3 ol y B4 Sl 31 (95
b5 plnil GDFY ()5 Y (33351 51 65k < 20 askid 9 BMPIS (5 ¥ (49351 31 g3k < APY ashd oSS (gl jlpendy
G 935 oy 0umliuo (il (598U pwlusl 52 9 33989 5N o yd ¥ 5)BT J5 (595 Hinfl o 5T busgi i 31 sy PCR Y guazmo
b uiyias bb g Bb BB slacuigij g +/+F g +/45 cuijay s Jlglyd Lb g B JI g0 BMPIS olsl 40 .o cpuss Lapld
Sleld 9 +I¥Y g /PN cipaa g A GLUT Slglyd GDFY olls 53wz ad - oddlie +/+Y g +[+F +/AF gla Slgl,d
BMPIS (5 50 HWal 90 SumosSal39,id g PIC o 55 jadLi .aid 0yg1 o +/YF g +/18 /e i s 2 g Aa AA glbouiss)
Sl LLI )l cwyp old (i pod 0 dwlxo +/FY g o/F «/YF i ay GDF9 (5 30 g +/+A g +/+YY /FY i juy
2 S Az g go (ol by Wiogy Hlo Sixe (liglige cuo LT ilike @Iyl g BMPIS  GDFY J5 solslr oisi
39290 OledMbl 1M assled oo Ll (2215al890 50 (ooto A Lol (iyld (ply 9 bawgio £935 BMPIS g GDF9 (J5 oLl 90 Wiz
Dbl asedgu 35 0 O 3 50 (2l5elBgd I8l (6l LRl Glaaol p 5o Wilgi o0

S gy Oldlae (IS Wiz TGF-B 35 po 391 g0udS sdojlg

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

50 Jols BMP15 5.V F) o)l Jobo Aol Aol VYO
3 skS OIF Job 4 9l S Bl 5l 48 wel 9551
Loyl JolS cmusigy Jomamme 00,5 oo o Siown
S 005 0S A4S w0dgn gaeilS e VIV Jlgs SO
) oyl Jsb FESARVRRR ¢\

aJgl Jolhe cd,is sl BMP15 4 GDF9 sla 3
S J55I58 SLL oSS 50 o 5 5l S5 58
SO0 md ) slantiig s (V) F) v S
Comwgsl sla sl x 55500 slay San slo gl
Jlos! pulas 10 5 (VFY) calize slaljelgil 3 las jo
(YYHNOAQ) ..\_S)L) = u,..su 1)515;‘; ‘5LDJ5L.4 LS‘-\-:IS
5 GDF9 (slayy j55909y 9 0aiS oS (>lsi jo iz
205 o= G oo as cclb BMP15
5o g oad Loz (o JeSdgd Silogus sloJslo
J—oe 9 Suwggl Lol plad )0 ,sd cel ams
AYAYY) 05 o0 1395l ,5 slo Jobos

doddlo
=0 gobatdl Slive (n pSese 5l (S Jready
el golaidl Slas dax 51 olielBass | 5 Adb e
W&bw}b)ljoby&ﬂ)jmjubmds
3955 Sl A o (Fome slaodgi 0 oy plend],
sl Ll el S5 oy Olas 23> Cio opl 4> S
Sl s Cdo ol g5y 45 wilonds glolis lagys
iy ;P yeb 4 ) Al du ¢y9aS T aiud odes
4 SBMP ai__us 3 GDF9" ALKE' 5l a5 Le
ey s ol pela s aS w03 TGF-B 5,51 oolgils
Sl SB35 5 g JoSdsd ab) » e slasese
sls 5l sk YIO Joles Jsb GDFI 55 .(VA) % e
Jsb 4 gl Soel) 5l Sl (59357 99 ol &S
S5 00iSAS aS walead o o 5L cax VYR
O JUsd iy 5 005 anpelansl FOY Jsb 4y iy oy

1- Activin receptor-Like Kinase 6
3- Bone Morphogenetic Proteins

2- Growth and Differentiation Factor- 9
4- Transforming Growth Factor B


http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

sz 5lie ;5 GDF9 s BMP15 ol > g0 slo g
S99 )95 (o9 SLo 0395 )3 o gy ;5 (2leld
Sloixl ISosiz cw)p ! dasdllas 5l Gan W 5l
Lyl bLs,)l s GDF9y BMP15 slaiys pgo (5955 5o

Lol 0392 32 50 32 50 @iz cdo

gy 9 Sl
O Jolis yols iz )0 colaiwl 5 50 sladigoes
50 i Sliios o] alle g0 osle 130 1 o,
W) ulJLu‘ ‘;\)L@ )5_10 a aS el 009y C..\.......u
Sl s O ladlgd 1o (555 %9 5l 6T s>
J 8L g 23,5 plowl EDTA slasl as oole (g5l
J=bs ool 8 sl az 0 -V sles ;o DNA #l 5l
0= sledises I DNA C‘)’.d““" INAWIP SRV TRt
9GS Ll plosl (V) 4l a e (Sed g, 4y
APY aslad j2S5 ab sl 555895801 5 5 (28 90)
420 ashd o5 s BMPLS 5V (9551 a>b (5L i
slaS5Lel ol 5IGDFY (5 ¥ (45551 4l (5L i
3ol (sloymzmy uaSTy 3l eslaiwl b g (YA) golas
Yo o=x> 0 PCR iS5 STy .3 )5 pleil (PCR)
oolainl 8 50 Slge oled cdale a5 (23,5 bl g Ko
(V) Jguz 0 pol> aslas 0 GDF9 4 BMP15 slay;

RO PR WP

B 3y lslBasz cio L BMPLS  GDFY slay; ASbaiz bls)

Mg P odes Glag) (o) e 5o Slallas

o 2 GBI sdes g 009 dgaote Jlaws 1 )3 o
5 Lo wdgs s, BMP15 § GDF9 (glayyj ol il
Sy oy 10 wodd sy 1 iiassS ilizes (claslss
423,85 oloul Oldlas 31 Lol> s jo aigS g0 U3
Olid 3o g aiaweS Ho Slidsy ol eolaiwl diawsS o
ooy adl g JIT G gyl a5 slapls ols
&5 wisly GDF9 3 BMP15 55 claolSylr ouiisas
cel (FeSulige calpln tul oo Gl (g5 Sass
@l a3l s 65 ) SeBS (e -
it T g0 slls a8 Gglie ©5Ksl550m Lol 05,5 o
aS a2 oo plas JeSdsd Sl jo jadi canil go aidl
Sl ool asawgS sloly a0 (69,0 Eely
BMP15 5 5l cabise U1 loz o Syl (Y1 FAY)
ples ailes 5 oluliss |, (Fecx®, Fecx™, Fecx', Fecx®)
SlatingS [ (6,108 Sess e Ll el o YT oyl
Colie D3 Sligen plariusS 50 (555,kL 5 SeKljs e
aS IS gz eeS lacansS wols lis o dbone

4,5 (FecG™) GDF9 5 1o oygu—wlige S | ol>
Ol slidl e el v ¥ 5 Vgl yg;—3]
2 6ok pae 9 SsNalig e iS50 (6 NS SwesS
G omien 95,5 on oslie Spfiligen olatiass
VI Lol b FecG! o5 5l aseus SG oS wcenl o
8L 5 g reS plaidansS 0 (I S5 Glie 62
J.ul_i L) JoLaJ)l PO Sldlao (\Y“\Y‘\ ’J\) Oé)jkra

PCR ST aloxil (sys Slge 5l oolitul 3,50 slacdalé -) Jgur

el ke ooliiwl 0,90 Jlade  lolopsd clale osle pb
1.25 Mm/pL 1L 25 Mm/pL Mgcl2
1X 2pL 10 X PCR buffer

0.5 Mm/pL luL 10 Mm/pL dNTPs
0.5 pm/pL lpL 10 pm/uL Primer (Forward)
0.5 pm/pL luL 10 pm/uL Primer (Reverse)
0.125 unit/ pL 0.5 uL 5 unit/ pL Taq DNA Polymerase
7.5 pm/pL 3pL 50 pm/uL DNA Template

- 10.5 uL - dH20

20 uL Final volume

(YA) GDF9 s BMP15 sl )5 ¥ (5551 Jisn iS5 sl polaiz! sl yonln -V Jgux

(bp) axkad o5l S5kl Jlgs &5 ol
F:5 - TGCAGGCTCCTGGCACATACAGAC- 3
862 BMP15
R:5 - TCACCTGCATGTGCAGGACTGGG- 3
”””””””””””””””” F:5 - AACCTTTCCATCAGTTCTTCTCAG-3
950 R:5 - GTTTTACTTGAC?GGAGTCTGTTAACGAC- GDF9



http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

5 )50 aaksd iS5 0l jslaie 4 DNA oS (pess
50989550 o 0V 0 55T 5 g9, PCR o¥gams
Chz @lp g3l chx APY Bl S S evalie Lol
slp @b cax A0 Wb S 5 (BMPLS) gl 55kl
Sy iSS oaumonlis (GDF9) g0 )f)'LéT S
L 45 03 PCR abosl como ¢ by onds ool lakad
(V) ohler 5 (355555 Gigly 5l onal Cusody gl
il yog Blad g (SaniS 3529 pas .l Caiyllas
Soi 5 Bsn G Tl sgzg pas eaimslis
S slaail v92g pae il G L camlive g il
O sy ol 18 ol Sy50 |y

Hinfl r"’)j ol) )" PCR Y gazs R )l o
5 58958 weys ¥ }{Lﬂ Ji &9y mar SVgpare
s g5 oS byl o5l 5 bawsly slaws ulul s
J5 gy 0o oold amid slaail oo . Sad s
BMP15 5 ol (o ould pan sladiges o 5,51
Wb o93) BB gy Jeld ey o8 aw Silo
YV-bp HFFbp &b aw) Bb 5e35 (OAYbp 4 YY-bp
LS 5 o3l G oSl 98l ) bb (355 5 (VPP
HT g8 598 ool yo (Y JSb) wisgs (APYDP Wil
5 (35) Slslb it s B T a5 was sanlis
gy wsg (1) gl aieS glilo b Y
5 (+1AF) Slgl,8 oy iy BB cuigih (sl ouds cvmlie
Slolp s CIY) Sl neS shls bb e
sl 8 loslises lavlgas o ©eSilhs 2 cies
coasl b o3l hesd mbs (F Jsaz) (/- ¥Bb)
&S il cdlhe (YA) olSen 5 (35553 e
=7 Ol asde slagy )0 1, BMPIS (5 o (ISaws
09551 addllas ;o (VF) ohlSes 5 (Slocka s )s (3155
hwsS 50 2ljslige L ol bLs,l g BMP15 5 Y
45 oged 15 1) 358 ol o (ASdaim (i
2 Wlgiee addllae ol (cnlple wisg 2lisl850 b Las e
Hrodd g Cundg 9 9 )90S5 50l EMlel slaal
2,8 )18 eolatl 5490

sl yo oyl il Jol> slaasl ojlasl g sloss
Jols sy Nl aw Kby GDF9 (5 Y (9551
Cax fYe 5 YV A0 AF. lail) AA g
iz VY g VP AP0 FOA leail) aa ey (53
FOA KV slaail) Aa Doilis e cuisl 5 (b
(F JS5) ol 009 (g3b i)Y g VEe NSO LYY
IV e IP i B e Camez o Wl Jlglyd a5
Jols j55 0 ol 5o 25750 gl JT Slgly8 5 +/YY
0b drlre Y 5 FA iy csgaa g A

WWAD Gl 5 e VY oyles i Jlo ol Sladss slodngyy

4 g B 00 D 4 ol )T ole 4z 0 0 les o 4yl
lod ;3 DNA a5 (& 5lodincds pusly b a5 1> YA ol yan
b, 55T Ll wagls $0 o gy o5 il az o AF
05 ol sl oS (Bl az 0 PV sles ;o DNA o
BMP15 5 oSyl gl o5 il a0 $1/0 5 GDF9
al> e ol jo g il FO e a4 ol )8 ol ax o
5 4830 00 D 4 ol T ile ax B VY o ol b
u...a..S A ‘Bl.?u‘ (;_9)5..\“‘ J..Lo) )ixo.wa.n).' Ko
J5 5l ooliisl L PCR STy o i g0 (gloaxksd iS5
(L35 513 oy n 090 )9 Vo 5,5

PCR Sl 5l Jol> cVgame el i glp
Jyame yodgSea 7 5l aslllas 050 55 oKsl> 55 sl
O (VXY el STy Bl g See ¥OPCR
WO 5 (axly YIO) HINFL oy eyl yids Ses
i 5| ol ek s oolitl o5miss o 23, Ko
5 o3l el 2l 5589 2SIl wo o ¥ 58T 5 s,
BMP15 oll> 90,0 (ool pean 5l Jool> laail slows
Sn el ©) GDFY 5 (w3l sl (o3 calo 59)
5 &5 ol o een el (o9 6l (T s
—sdyl Jolai Sy 95 b (g9 i oo
Sl glyms o o5 pasls S gls asls ol
T sl 5 Tise sl slaw S (PIC) ISoas
Jsdle s 5l oolital b L syge slaolile (gl & sl
<y comizpe (Y+) 05 sl POPGENE 3.2
5 GDF9 oKl> g0 (odsy logsl bli)l (o)
o whslBas e, LT e ol s BMPIS
Slalazgs (St Joo 5l pliws S 5550 3 Conex
oS s ooliil (V74 asens) ASRemI l5éle 57 S
Sl o le g)lel Jae

Yijk: p+ GDF9i+BMP15j+GDF9i*BMP15j+eijk
@hgBaiz 0,55, (e Jlade Yik 358 alolee o
sl col 51 GDFY; o JS Sl 1 (sligs 5 SO)
sl <ol I BMP15,  GDF9 olSyl> .iss
lize &I 31 GDFO*BMP15; BMPI5 olSyl> isi’
elss € BMP15 § GDFY olSyl> g5 opuisis lsSl
el oile Gl ol

om0 6ole 3 g Sogll 5l wess Jloy55 5

1- Shanon index 2- Nei index

4- Effective allele number

5- Observed allele number

3- Polymorphism information content
6- Logistic model


http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

ARA Y

Ol Canl oals &LI ¥ Jouz 0 0uls cumlie

3l S Gl g Corezr ojlail o5 Sz sS s o0
Dyt (S5 €95 Ol oo omly Jlexal JYs

M123456.189

a

S50

B 3y lslBasz i L BMPIS  GDFY slay; ASbaiz bls)|

b

S WS B (V) olifSen 5 lork (F Jsu)

Wil e Koz gl glacawsS o GDF9 5

» (5 o 5 92 adlas ;0 GDF9 5 (pizen

ol 093 5l Bjae Ly L8, \‘5-"55 4 pla dihugS
sl ol adlllas ol b Gudato a5 lo

S50 smisSalig e Jold (G55 g9 Slaaxly

5 el oj50 (wslisen wad cvalie 4 Al

1500

1000  B62
-— =
750

- e =

500

c

09551 PCR ¥ gm0 5,585 2SI D 5550 52 5o JolS (55 5l adly g (Sod s, 4 00l gl DNA coas'a-) s
GGl iz YO+ 55 5k M) 5550 3 )0 GDFO 55 Y 5351 PCR ¥ guamms 5,538,550 C o35 5o 31 o BMPI5 5 Y

(S3h i B0 j9 5 Lo - M) BMPI5 ol ¥ (45351 0 HINFL a5l 8,k 5l s &Y guama 5,985 250! ¥ JSCS

1- Small Tail Han sheep


http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

55 sl £lgil s GDFO oSyl ¥ 15551 5 HINFL 53T ol 51 e ¥ guame 5585 501 Y S5
(&3l waz B (559 S5l -M)

;5 GDP9 3 BMP15 5 olSsl> 90,0 HINfL o 510 gas 5l Jol> ¥ game oo saslive wigy slogSIl Slgl,é Y Jgax

F e R e

595 sl Szl o g0 olass odu oudlive oloas &5 Kl
BMP15

Jaf £5.5 fv BB
</ YIAY Y Bb
oY Q4 \ bb
GDF9

N YY/N Y. AA
AY4 YV/AA A Aa
<Iv¥ o\ \Y aa

ol JI3 Jols ;o BMP1S oKl> 0 Curex
oSl axdllas ,o (Y1) o) Kan g 0olj juade (P<+/- V)
—sl Jolw o, (S p Cese> o BMPIS
5l esel Cavsty @l b aS wis,S 5)I5 1) Sl
bl el (e clla calle Sl e
) GDF9 olf.sl} 6|).' ).‘>J.A LSLQJ" Cozo> as ol uLm.s
5 6B (P<</+V) o)l 18 5 ly —go,le Jobss
O oY g ) 8T as wie,S 155 (V) o)) K
S8 Sy ol Jobs yo 60,5 oI5 ;0 GDF9
el callhe Sl giagh 5l el mli bas wsjls
Bolr 90 50 Fomex 5 (ST E985 lagasly ple
Jaél’ aal.u aS ol ool 4j|)‘ g de.} o ax)lao Sy90
ardllas 590 Cumazr ) (SIS £55 0 omb Sk
GDF9 ()5 )3 (Se55 £985 992 Yk 9 BMPLS (5 sl
Sogmal JpS lass g ol slaalS og dias 3,ls

Sl Glime (Vo) olBes 5 ooljpmade

I, GDFY 5 olils o HUanl sy5e 5 ool sunlice
oapolis A (o ,S IS /FY 4 /0Y cui e
Sol adllae ol oSile ol o Vb S g5
oKl o jlaml 0j50 g ool cdalin SowsSulig
5 6o i aculee +/FY 5 )\ (o334 GDF9
05 S8 58! b i FAY ashd o (VF) ), Sen
Szl S g0 5 00 odlive  SwssSalis e laie (GDF9
oS jebolen is,S L5,LE Y g N s e |,
09551 )3 oad osalive (SwgSolig e 9 oo alixde
o el ond 5T oml GDF9 5 oSl Sy
allas 5,50 oSlr ol (S5 g8 eammsglis
2 Spily mo)le ol pwyn jslieds il
S oge3l 5l Sz cnl o aslllas 3550 slaoll>
a5 ol plis 3 addlhae ol .ol sslizl (F) oy


http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

T o e maan st e

585 Sl bLi)l owyp 09de (S5 g5
o o plas ol che n (55 sledll
Sl (mizee 3 BMP15y GDF9 oKl slacuisss
3585 l5ee 55 ixe il GDF9 g BMPI5 iz

(O Jgaz) &yls

B 3y lslBasz i L BMPIS § GDFY slay; ASbaiz bls)

55 E55 SRl 5 (SeF e Ll 4 wglaggs ol 3
Gl LI e ek e (S slaolSile o
sbml gy bgspel JyuS wlse slagls e olas
laturex obnl 55 g A5 2 0 P Sl
Gl 5l s pSelr carse it adsl sl b allas

}’.>J.o Coxoz 4O GDF9 9 BMP15 O o&l} 3o &9.».: ‘_nguDLw . Jj»

GDF9 BMP15 Corex sloasli

Y Y 00l sdalice LSL“uUT
VY AJEYN Sie gl
- 10% <\Y Sle asls
Ang “l-Y S8 iz Sledbl (glgime
./t LU R M
Qg AN B ICSTVRE-SUNIS VSOV
<IN QAY4 oo el SawsSsjged
ALl AN By S o)
RAYd </ ¥ owo&uw;)s)&

5 Sk > walS o285 BMPIS 5 GDFO slagy;
3yl laJoSdgd Esb i g (6 IS ST (e il
ok sale BMPI5 olSyl> o o5l aslllas jo (YFYYAY)
P GA% M Osulis e quisy (T ey s

Llls e i Comez 50 (2l56l890 5 (555,

ol iy slagsl S (VF) o, en 5 Slodes

) (ol 85 aiinsS 55 2lisl8gs e 2 1) GDFO
55 sesll Jl e s,S 515 s
S o5 0 olislBes Gl BMP1S oKL
o0 5l alols ls b as (YY) ol 5155 Ll gse
as wis S o liE el cpdisre by caylls ol

}5).0 )J Coxo> )b @bslﬁdu.} Cduo » BMP155 GDF9 ol.i:l} 50 L5“J9") L;Lk}in ;_)‘).J ‘)M.)L)‘j 44)70 -0 JS»

&)l e el Slar o 2Sike EIRESS &5l
Y < IOYA Y GDF9
ey <179 ¥ BMP15

ey INOF £ GDF9*BMP15
SIAYA £ Residual

Ol BMPIS 5 5l (oS S (slls plasdwgs
OldiawsS 4SS0 j0 Wyl 5V (6 I8 Sesw
e widl Sbse Y9 (sl a5 Cglie D9l 5ge0
FSl9d anngi o g)lamal Jodoar ol (l 5wt
ol_inl.‘> 0O (iR AOY) Gl ons u*’)‘)f u‘..\.o.‘;u
G55 50 B A Cand AR L5050 20 (sl GDFY
(el il wiz i 5l e S5Kljsen
3l (S by aauly 4 Coul (S &S
Gy Sldass aldl oKl ol )0 ade 548 alayl) alos
4 6yl Rl a5 wls plas andl B GBY Gladess
o L as (V) ail oo GDF9 oSl> jo g Judo
Ciisllae GDFO olS,l> (gl yolo gaions ) ol Camody

S5l

i I g /o) g o[ 0 Jleisl mhaw jo Cod jay K g

loceisis fl ooyl o bl glbas 5 (Sl
0z Ol5—e y— BMP15 § GDF9 oL S,l> 55 cilizes
ol 0ol SLI(F) Jguzr )3 5350 2 Core )3 (2598
bb 3535 BMPL5 oL Syl o 4§ ol ol gulss
e ol 253l Wiz e I3l 2 |y 5l oy
D9Selie e g sl S L (6 )ls pre olis Ll
e S D9 S0l55 500 slacis) Sl eSles 2utla
aS (P<+/+0) 091 o gxe (BB) & oS 15500 ol ,8
sols 1o 155 3e ol 0 sl Cuws @ i b sllas
FARPAR) ROW IRVEI G CE

ploml Glados b yol> guios 5l eowl cavods gl
Obe 4 Szs8 sleolis (59, BMPLS oSGl o b5
19 BMPI5 oKl |y (VVaY) cils coillas oo g
Sl Glis (LS5 iz 98 5 e 4ss S8 (laiinsS


http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

ARIN

WWAD Gl 5 e VY oyles i Jlo ol Sladss slodngyy

5 GDF9 sl ol Syl (i Liseo (glnaigsy 1 o, Jaibi sl Gl ol 5 uSile -5 Jgo

o lislss plie » BMP15S

BT
o sl Bl il £ .Sl Y] SR ES
BMP15
Ve YA£e [\ BB
VarDNaa Bb
VVYEYYOR bb
GDF9
Ve A£e/y Q" AA
VIYAE: -\ Aa
<IADENOYE aa

(P o)) aiies o pixe S i e gy b slaog )5 g (P> 0) o pime e S yiiie gy (slls slaog §

5l ol a8 cenloas oluwlis gilaslSass &,
Loyl 589,20 a5 BMP ai_s g ALK6 .GDF9
Sy 00lgils 5 Loy ) solas .cwl BMP15
Foe sbosess wly 9 Ole a2 oS 035 TGF-P
A e (3lSISS 5 g (JeSdsd ot
IS A0S g y9Sgegn (Pl )3 03l BlET sla e
5 9k Ol )3 38l £95 (e 50 (slodes A5
Lmliaazrgl ol adlas o w)b glislias
5 oSl 99 iz e (28,5 e e onal Caws
o hwge S ous 5 3 0 BMP15 4 GDF9
3= g 3 oo blis sblie 5l las oS s jls by
2 oLl 59 (955 sLegsl Lal gl (oo Cgane
slocdshle L Lagl (oS 5 oo 5 (o0lal ©)904
ol 18 50 cou 1) olislBes s oKl g0 calize
L e ool Glasl slo gz cunis Gl s, aebp 1A
59l Gl o (s BB SS90l slagss b
slosiliwl jo wilgy so g clls aalgs ol lasls welyo
olaiwl 0590 Jio adgy lensly Sguge sl (g0l LA

Dy 13

5> BMPIS 5 GDF9 (slagys ;o (e olejes 529
e @lislasa (bt an g eSSl laslys
iz 5 ol o g IS S 5ol 4 s
ooy Las 1) )5 Sy 0, ake g 4 Cewd g 5YL
a8 ol a4 5h pl sansSasl U358 ol O F) el
5l J&iue BMP15 5 GDF9 5518 g0 codled punsilSs
9 Jlaie 5l 50 pols adlas ;o (YO) wil ges ;5505
13d 09 Lo mme (5,9, = BMP15 § GDF9 o5,
it GDF9 4 BMPIS (555, Loy 0 Lais
Jieadgs o Vel g 5 g dihwgS ,o copo (g0l
lianazg L.OANTNY) o)l Bass les s
99 ;8 (285 am il g o danlllas ol )0 el Cewoa
3O (st i 3 e ol .0 BMP15 g GDF9 ol >
oLl 50 slacadshle (izen wijls (2lolBs0 l5e
ol oledbl i s ls lisl8es i jo (65,L (i 50
S92 jO ..\_>‘9."_¢A 9 0093 Kiod g ul}w‘ LSLli‘)" B
J.,;L’ soil slalw b o oo slo g ol

adly andls 5250 50 (2l5sl8gs Gl s ook
5 LndsSilsh 0, 2 50 sots (35 Akus 4 3555

&bw

. Badin, L., F. Lecerf, C. Pissdlet, M. San Cristobal, B. Bibe and P. Mulsant. 2003. How many mutations

are associated with increased ovulation rate and litter size in progeny of Lacunae meat sheep. In:
Proceedings of the International Workshop on Major Genes and QTL in Sheep and Goats. Toulouse
France CDROM communication, 4: 2-11.

. Baodin, L., E.D. Pasquale, S. Fabre, M. Bontoux, P. Monget, L. Persani and P. Mulsant. 2006. Anovel

mutation in the BMP15 gene causing defective protein secretion is associated with both increased
ovulation rate and sterility in Lacunae sheep. Endocrinology, 10: 1210.

. Chu, M.X., G.H. Cheng, L. Fang and S.C. Ye. 2005. Study on morphogenetic protein receptor IB as a

candidate gene for prolificacy of Small Tailed Han sheep and Hu sheep. Journal of Agricultural
Biotechnology, 13: 66-71.

. Chu, M.X., B.X. Li, J.Y. Wang, S.C. Ye and L. Fang. 2004. Association between PCR-SSCP of growth

differezrgiation factor 9 genes and high prolificacy in small tail Han sheep. Animal Biotechnology, 15:
111-120.

. Davis, G.H., J.C. McEwan, P.F. Fennessy, K.G. Dodds, K.P. McNatty and O. Wai Sum. 1992. Infertility

due to bilateral ovarian hypoplasiain sheep homozygous (FecX| FecXl) for the Inverdale prolificacy gene
located on the X chromosome. Biology Reproduction, 46: 636-640.


http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

Y+ B e e o lyslions Cdo LBMPLS § GDFY slayy Sz LLs)|

6. Dong, J., D.F. Altertini, K. Nishimori, T. Rajendra Kumar and M.M. Matzuk. 1996. Growth
differentiation factor-9 is required during early ovarian folliculogenesis. Nature, 383: 531-535.

7. gggggé]J 2000. Control of ovarian follicular development and function in mammals. Reproduction, 122:

8. Eckery, D.C., L.J. Whale, S.B. Lawrence, K.A. Wylde, K.P. McNatty and J.L. Juengel. 2002. Expression
of mRNA encoding growth differentiation factor 9 and bone morphogenetic protein 15 during follicular
formation and growth in a marsupial, the brush tail possum (Trichosurus vulpecula). Molecular Cellular
Endocrinology, 192: 115-126.

9. Elvin, JA., A.T. Clark, P. Wang, N.M. Wolfman and M.M. Matsuk. 1999. Paracrine action of growth
differentiation factor-9 in mammalian ovary. Molecular Endocrinology, 13: 1035-1048.

10. Galloway, S.M., SM. Gregan, T. Wilson, K.P. McNatty, J. Juengel, O. Ritvos and G.H. Davis. 2002.
BM P15 mutations and ovarian function. Molecular Cellular Endocrinology, 191: 15-18.

11. Galloway, SM., K.P. McNatty, L.M. Cambridge, M.P.E. Laitenen, JL. Juengel, T.S. Jokiranta, R.J.
McLaren, K. Luiro, K.G. Dodds, G.W. Montgomery, A.E. Besattie, G.H. Davis and O. Ritvos. 2000.
Mutations in an oocyte-derived growth factor (BMP15) cause increased ovulation rate and infertility in a
dosage-sensitive manner. Nature Genetic, 25: 279-283.

12.Gilchrist, R.B., L.J. Ritter and D.T. Armstron. 2004. Oocyte-somatic cell interactions during follicle
development in mammals. Animal Reproduction Science, 82-83: 431-446.

13.Glister, C., SL. Richards and P.G. Knight. 2005. Bone morphogenetic proteins (BMP)-4-6 and -7 potently
suppress basal and luteinizing hormone-induced androgen production by bovine theca internal cells in
primary culture: could ovarian hyper androgenic dysfunction be caused by a defect in thecal BMP
signaling. Endocrinology, 146: 1883-1892.

14.Hanrahan, J.P., SM. Gregan, P. Mulsant, M. Mullen, G.H. Davis, R. Powell and S.M. Galloway. 2004.
Mutations in the genes for oocyte-derived growth factors GDF9 and BMP15 are associated with both
increased ovulation rate and serility in Cambridge and Belclare sheep (Ovis aries). Biological
Reproduction, 70: 900-909.

15.Joyce, I.M., A.T. Clark, F.L. Pendola and J.J. Eppig. 2000. Comparison of recombinant growth
differentiation factor-9 and oocyte regulation of KIT Ii%and messenger ribonucleic acid expression in
mouse ovarian follicles. Biology Reproduction, 63: 1669-1675.

16.Li, R., R.J. Norman, D.T. Armstrong and R.B. Gilchrist. 2000. Oocyte secreted factor (s) determine
1;?_,1113ncg?)()9ngl4 (Sjifferences between bovine mural granulose cell and cumulus cell. Biological Reproduction,

17.Liu, SF., Y.L. Jang and L.X. Du. 2003. Study of BMPR-IB and BMP15 as candidate gene for fecundity
in Little Tailed Han sheep. Acta Genetic Science, 8: 755-760.

18. McNatty, K.P., P. Smith, L.G. Moore, K. Reader, S. Luna, J.P. Hanrahan, N.P. Groome, M. Laitinen, O.
Ritvos and J.L. Juengel. 2005. Oocyte-expressed genes affecting ovulation rate. Molecular and Cellular
Endocrinology, 234: 57-66.

19.Miller, SA., D.D. Dykes and H.F. Polesky. 1998. A sim;le salting out procedure for extraction DNA
from human nucleated cells. Nucleic Acids Research, 16: 12-55,

20. Moghaddaszadeh, M., M.R. Mohammad Abadi, A. Esmailizadeh, H. Domari, E. Sadeghizadem and S.
Shamsedini. 2011. The segregation of Exon 2 GDF9 gene polymorphism in korki raeini goat. 12" Iranian
Genetic Congress, Shahid Beheshti University, Tehran, Iran (In Persian).

21. Nicﬁ?;' a7sé F.W. 1996. Introduction to veterinary genetics, First edition. Clarendon Press Sydney Australia,
pp: 44-/c.

22.0tsuka, F. and S. Shimasaki. 2002. A novel function of bone morphogenetic protein-15 in the pituitary
selective synthesis and secretion of FSH by Gonadotropes. Endocrinology, 143: 4938-4941.

23.0tsuka, F., S. Yamamoto, G.F. Erickson and S. Shimasaki. 2001. Bone morphogenetic protein-15 inhibits
follicle-stimulating hormone (FSH) action by suppressing FSH receptor expression. Journal of Biology
and Chemistry, 276: 11387-11392.

24.Qadri, A., K.H. Mirzadeh, G. Fayyazi, M. Ali Mahmoudi and A.S. Sadr. 2009. The investigation of GDF9
gene Polymorphism in the Kordi Sheep using PCR-RFLP method. Journal of Agricultural Biotechnology,
gﬂ: 498-502 (In Persian).

25. Shimasaki, S., R.K. Moore, G.F. Erickson and F. Otsuka. 2000. The role of bone morphogenetic
proteinsin ovarian function. Reproduction, 61 (suppl): 323-337. o

26. Solimani, B., G.H. Rahimi Mianji and B. Chaharaein. 2010. The effect of GDF9 gene on twining and
traits of weight in Sanjabi sheep. Modern genetics, 5: 53-59 (In Persian).

27.Solimani, B., G.H. Rahimi Mianji and B. Chaharaein. 2011. The segregation of exon 2 BMP15 gene on
twining and traits of weight in Sanjabi sheep. Iranian Journal of Biology, 24: 487-493 (In Persian).

28. Sugiura, K. and J.J. Eppig. 2005. Control of metabolic cooperativity between oocyte and their companion
granulosa cells by mouse ooc¥1tle. Reproduction Fertility Development, 17: 667-674.

29. Xue-gin, R, L. Jian-bin, D. Zhi-yong, Q. Cheng and W. Jia-fu. 2009. Diversity of Bmp15 and Gdf9 Genes
in White Goat of Guizhou Province and Evolution of the Encoded Proteins. Zoological, 30: 593-602.

30.Yeh, F.C., RC. Yang, T.B.J. Boyle, ZH. Ye and JX. Mao. 1999. POPGENE version 3.3, the
User-Friendly Shareware for population genetic analysis. Molecular Biology and Biotechnology Centre,
University of Alberta, Edmonton, Alberta, Canada. (http://www.ual berta.ca/~tyeh/fyeh).


http://dx.doi.org/10.18869/acadpub.rap.7.13.207
http://rap.sanru.ac.ir/article-1-648-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.18869/acadpub.rap.7.13.207 |

Research on Animal Production Vol. 7, No. 13, Spring and SUMMEr 2016 ..........cccccoririiirniiineniineieneneness e ssene e sessesenee e s 207

Association of GDF9 and BM P15 Gen&(Fs’onmorphism with Twinningin Markhoz
oat

Azam K hosravi®, Gholam Reza Dashab? Mohammad Rokouei® and M ehdi Vafaei Valeh*

1, 3 and 4- Gradated M.Sc., Associate Professor and Assistant Professor, University of Zabol
2- Assistant Professor, University of Zabol (Corresponding Author: dashab@uoz.ac.ir)
Received: June 25, 2014 Accepted: January 10, 2015

Abstract
Twinning is one of the most important economic traits in goat production, which is influenced
by either small or major gene effects. In recent decades, it has been recognized that two members of
grovvth factors originated from oocytes namely GDF9 and BMP15 are essential for follicular
evelopment and ovulation. The aim of the current study was to survey the polymorphism of two
GDF9 and BMP15 genes and their genotype patterns association with twining rate in Markhoz goat.
Blood samples were randomly taken from 50 Markhoz goats and DNA extraction was performed by
a salting-out modified method. Polymerase chain reactions (PCR) were employed to amplify a
fragment with 862 base pairs from exon 2 of BMP15 gene and 995 base pairs fragment from exon 2
of GDF9 ‘gene. The PCR products after digestion by Hinfl enzyme were electrophoresed on 3%
agarose gel and the animals ?enotyp& were determined by banding patterns. In the BMP15 gene,
the frequencies of B and b alleles were 0.96 and 0.04, respectively; and the frequencies of BB, Bb
and bb genotypes were 0.94, 0.04 and 0.02, respectively. Also, the frequencies of A and aallelesin
GDF9 gene were 0.68 and 0.32, respectively; and the frequencies of AA, Aa and aa genotypes were
0.60, 0.16 and 0.24, respectively. The Nei’s index, Polymorphism information content and expected
heterozygosity in the BMP15 gene were 0.47, 0.077 and 0.08, respectively; and corresponding
values in the GDF9 gene were 0.34, 0.4 and 0.43, respectively. The results showed that the effects
of BMP15, GDF9 and interaction of two loci genot&/ﬁes on twinning trait were significant indicating
that although the GDF9 and BMP15 genes in Markhoz goats have low to moderat;goolymorphism,
they play an important role in twining rate. Th(;e‘oresent information may be useful 1n breeding
programs of Markhoz goats and could be used in selection strategies.
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