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Table 2. Gene and genotypefrequency of GDF9, BM P15 and BMPR-IB in cross breed
of Shall and Romanoff

595 589 Hosps 0951 3
MM(7+) M(/+5) GDF9
MN(-/VY) N(./a¥) \

NN(-/A%)

MM (%-) M(%+)

MN(%-) INVARD) Y GDF9
NN(Z)-+)

MM (%) M(%+)

MN(Z-) N(ZY-+)

NN ) BMP15
MM (%-) M(%+)

MN(%-) N[ARD) BMPR-IB

NN(ZY++)




AQ

WAD ylis g 5l IV oyleds psan Jlo sold Sludgs (slouing sy

Iy GL ibyly I (7) ’Ol)lsw.ms 5> s ol 239 b

Bl slagial; 3 ol &8 6385 b lies> o)
D92 yilen

Cdllae yu5 Gliime @S b (g cnl il ol @l
2,
) St 5 el scloiile Jj 35 2 (1Y) sl
(e 3035 (V0) e 5 3L gyl —sp ) 3l
5 iyt 5 6w 235 (V4) h)Ked g (simiion
et b & S ol Y1 015 & gl (Y0) oy Kan
Wbl BlE cpl )y JSSs (s 0 4 (b

M5 ¥ 40 plojer glaallas o 4L Son g 54aily >
2989 (S g iy 2ok 9 Ol )Ll Sl
G5 kil g 2sSle ) e ) g VY g Sl
oLl 93 51 S g2 sl gy &S s ygbd L3900
(YV) 63,5 a5 (g S
2939 ok (idugS o)y (VF) ollSan g aislpe
b 538 S DAL GL eslls cibise o i
M ime 3l oams L (g)lel s 5l ol ol s
A3l wiomed 92 (21j5lB95 (9 G <ib)ly 9 (ulj oy
25392 590 34855l )3 oAb (2 9059090 Cilige

B2 5 GL coilyls asllao b (F) o, Kan 5 5,555
£ 35 o 4 0l a5 U5 5 i slool
Cusl (Sae B2 Cibly 9 f3e (2l 5 )15 SesS
L b yo bl oo (a9 20L3 (S (sl sl 2o @
Jaidl basye B2 5 GLolGle 93 2 (sl (s g jgasn
2 69 0 b pxe BIGL cibly o)l55 cpl o S,k
ol azsly Lol oyl

Uit o=l & Gl 0l asuie 598 guls 4 ax e
5l oS dlaws asidl oy dg g ol og lia wgS )
el She (2139l Wiz Gl ol & ol (L bl
=l 5 P50 2 e LU Sl (B p g b ol
dy <ibjly nl Jobs Sllge lgioe (2ligbiz 5 <ol
IKWLRFINCRNVENIHT PN

L)m Ls“"’)’" rv.«a.lb 9 )-u.i))l o GDF9 oKJB PN
US55 elSyly ol csly MiisS 48 &S ol o1
b odly pl sl o GB cilyls Jobs dan g 039
)l cdilhae j Gl)S Gigl

5 5B JUs olp luawsS (V) olKer o (glas
oljolye oy AP HlaawsS (o oyl (V) o) Ken
35,5 (YF) oS 5 eden s oI35 3155 oatiussS (1)
05 JatisS (¥0) ohlSen 5 Jg GV litiosS
N AlE b pegasy (FA) GllSen 5 By 5 xia 5l o)l
o (sl 31 (Jachnss

Y 1L et das  xdS > ke ol
Il oss e gy 5 @SS g
S92 (Slpl MdesS Sladlp 281 )5 g (i oS olx]
Gmb &5 & 8 wmd opa olsr Wl ol

b Lk & ob ol ddlllas oyl 5l Jols b
Sl csl & BMPRAB o5 VS cusdge
ods dnlllae Cunen )3 g oo iyl b pmeligl aielip!
Kl O’I dl)’. QUIP als’ ass 9 Cawl 03185 o
@ ol cpl Yl plpl wlasly sy g9 cudedl
3P OMdwgS 5> Jigles 5 IIESeSS (e Ll
Gl 1306 o

9l b ksSSP VY g9y w85 plonl slagw)
ol g o gl ladd by flas les yedS VYW I YL
don &5 (b @ Wdp Yoym 0 e b e
595 9 o3y FECB () (iaa Jol> 9o 0I5 oJuidusS
dw b M glbdige & Jb > .uih BB
@) oy g9 9 OpNjor woskie CeSjgen i)
2l gl oo g JOA N Gl Slgls Lo Cus s
A5 oaalie o) cnl ) (odoy o8 gl e alp ple
)

by ) Sl gl b adlls o) 51 Lol gl
o (el 3,05 Cbllas (ol plosl K55 o),S Limagy 4

«(lisums) Slp hudugs (V) ohlses 5 5yl
2ok (o8 alp pluidugs (VW) o)Ken 5 3598
(V) OhlSen 5 68 (J38 315 (1Y) (ghome «Shilul
Ohdwss (V) ollSen g 6)las (o Lidl Sl s
S D5 > (W) glen g ol (JLB 0l
5 Wl ) gty (V) Ghles 5 3500 e
e g ez Jligliaix 25 VL (b)) 2
(1Y) ohben 5 oo o JsSlo B3 luiawgs (YY)
o A VL ol adle L luaess
(otwjes gl 51 e ool YO 9 il )
5 S)lse — ) Gl BlE (V) e 5 ()l
(Y5) ohlSen 5 o330 (VF) Kap 5 ssanlils
OlwdS sl 1 BYI ol laidwsS

oS sl 0ad asuie 00 plonil slawyp 4 4255 b
o5 Lo dlize sbadlp pludesS )3 Gl cnl Syl
2283529 lpl (g MagS )3 e nl g 0392
R (F5 ol ) ()R (o) Cunl (See o
GDF9 5 BMPI5 claj il co ol 3oy Jggis
Ky g odd gly gyl 3 &5 A o] dlex ]
bl e e (2ljo

ool )3 B8 dix gy b (8) hlSen 5 bl

syge <lly W ol > abl,y BMP15 o GDFO
©sSosp0em o 13 BA 4 B2 G8 by ¥ b adlas
bl oliglsia b ©sjepn o 53 5 cadde cuigid b
tie] ol s ol 45 GL cilyjly S5 o 5l 3l
UV g 50 o aisel sl sl 4 Seabigls
&S ol @ asg bl JUb JoUg0 )3 aisel sl ol
ol Al el ool &) s 59,Skas b 5l L5 s
Gl anb ) g onlpls il s Jb JoSJge 59
5 bOsSilisin 3 i caiyd & Sl e Ve
D9 oie BOgSyj909m ) (cends



- ool el JtingS )3 islE sz 400 (slags (B S iz Bl

Sy cillas 5V 25 KawsS (g0,by0 (YO) o )SKes
cobyly (ASbisa adllas 4 (V) o) LSen 5 (5 el
s sl oylase — g laiwsS ol 5> FecX®
0 5] el sladSaed jl Ao VY oS ol LS
ol (w3l Jeols @l b aS gy il ly ol Jol>

(YY) 0yl wplse

OliiwgS )5 Loy ool S & a0 Jlai & ol ol
slagy; conl Sen g Cons She 2l 2> p Sl
L 4 aiil e cads pl 500 el 3 (6,00
Al o Az oyl ) i Olddod 4

s9in & Cul ol 5l (BB Sl GladegS 5> Sljglais
2,005 099 Wal5 opl o s oyl

Cobyly 93 (ool a5 W55 4 bgrye gl (o)
IS 48 sl s BMPI5 oLyl jIFecX® 4 FecX®
W= b ol g ISCs ST ol !l (sl ol 3l
3 oad Lol gl gy jl Jools gl LFeEX® il g
5 )5y Bl laidss (V) (e 5 (el 590
BYD i wsS jogad 0 (Y0) o) LSen  saeal 15
Sy cdllas

5 sien] o5 ol L FecX® cibyly (ly Jols ls

F)

1. Alimahmoodi, M., M.T. Nassiri, G.H. Mohammadi, K.H. Mirzadeh and G. Fayazi. 2009.
Polymorphisms in FecB gene in Lori-Bakhtiyari and Arabi sheep with PCR-RFLP method. First
Animal Science Congress In Golestan. Gorgan. Iran.

2. Amiri, A., G.H. Rahimi Mianji and M. Vatankhah. 2008. Detection alelic polymosrﬁhisms ip BMP15
and GDF9 Genes and important oocyte growth factor in Lori-Bakhtiyari sheep. 5" lIranian
Biotechnology Congress. Tehran. Iran.

3. Amiri, A., G.H. Rahimi Mianji and M. Vatankhah. 2009. Non detection polymorphisms in FecB and
FecX| Genesin Lori-Bakhtiyari sheep. Modern Genetics, 3: 57-63.

4. Barzegari, A., S. Atashpaz, K. Ghabili, Z. Nemati, M. Rustaein and R. Azarbaijani. 2010.
Polymorphisms in GDF9 and BMP15 associated with fertility and ovulation rate in Moghani and
Ghezel sheep in Iran. Reprod Domest Animal, 45: 666-669.

5. Bodin, L., E. Di Pasguale, S. Fabre, M. Bontoux, P. Monget, L. Ersani and P. Mulsant. 2006. A novel
mutation in the bone morphogenetic protein 15 gene causing defective protein secretion is associated
with both increased ovulation rate and sterility in Lacaune sheep. Endocrinology, 148: 393-400.

6. Chu, M.X., S. Wang and L. Fang. 2004. Association between PCR-SSCP of growth differentiation
factor 9 genes and high prolificacy in small tail han sheep. Anim. Biotechnology, 15: 111-120.

7. Davis, G.H., J.C. McEwan, P.F. Fennessy, K.G. Dodds and P.A. Farquhar. 1991. Evidence for the
presence of a maor gene influencing ovulation rate on the X-chromosome of sheep. Biology of
Reproduction, 44: 620-624.

8. Davis, G.H., L. Balakrishnan, |I.K. Ross, T. Wilson, SM. Galoway, B.M. Lumsden, J.P. Hanrahan,
M. Mullen, X.Z. Mao, G.L. Wang, Z.S. Zhao, Y.Q. Zeng, JJ. Robinson, A.P. Mavrogenis, C.
Papachristoforou, C. Peter, R. Baumung, P. Cardyn, I. Boujenane, N.E. Cockett, E. Eythorsdottir, J.J.
Arranz and D.R. Notter. 2006. Investigation of the Booroola (FecB) and Inverdale (FecXl) mutations
|8n7 2916 prolific breeds and strains of sheep sampled in 13 countries. Animal Reproduction Science, 92:

9. Davis, G.H. 2004. Fecundity genes in sheep. Journal of Anima Reproduction Science, 82: 247-253.

10. Davis, G.H., J.C. McEwan, P.F. Fennessy, K.G. Dodds and K.P. McNatty. 1992. Infertility due to
bilateral ovarian hypoplasia in sheep homozygous (FecX/FecX) for the inverdale prolificacy gene
located on the X chromosome. Biology of Reproduction, 46: 636-640.

11. Escandari, G.H. and E. Ayaran. 2011. Polymorphisms in FecB in Lori-Bakhtiyari sheep with PCR-
RFLP. 4th Animal Science Congress. Tehran. Iran.

12. Fargjzadeh, M. 2006. Polymorphisms in BMP15 and GDF9 genes in Zel sheep and relationship with
reproduction. M.Sc. Thesis. University of Mazandaran.

13. Forotanifar, S., M.R. Nassrir, F. Eftekhari Shahrodi, A. Samei and M. Soltani. 2007. Non detection
polymorphisms in FecB Gene in Ghare gol, Balochi and Iran black sheep. First Agricultural
Biotechnology Congress. Kermanshah. Iran.

14. Galoway, S.M., K.P. McNatty, L.M. Cambridge, M.P.E. Laitinen, J.L. Juengel, T.S. Jokiranta, R.J.
McLaren, K. Luiro, K.G. Dodds, G.W. Montgomery, A.E. Beattie, G.H. Davis and O. Ritvos. 2000.
Mutations in an oocyte-derived growth factor gene (BMP15) cause increased ovulation rate and
infertility in a dosage-sensitive manner. Journal of Natural Genetics, 25: 279-283.

15. Ghaderi, A., M.T. Nassiribeyg, K.H. Mirzadeh, J. Fayazi, G.H. Mohammadi and A. Sadatsadr. 2009.
Polymorphisms in GDF9 gene in Arabian sheep with PCR-RFLP method. First Anima Science
congress in Golestan. Gorgan. Iran.

16. Ghatari, M., A. Ngjati Javaremi and G.H. Rahimi Miyanji. 2008. Detection Allelic Polymorghismsin
GDF9 Gene and important oocyte growth factor in Shall sheep with PCR-RFLP. 5" Iranian
Biotechnology Congress. Tehran. Iran.

17.Ghanbari, S., R. Osfori, M. Escandari Nasab, R. Rostamkhani and R. Saeid Mohammadi. 2008.
Poélél/morphlsms in FecB gene in Afshari sheep with Molecular method. Second Iranian Anima and
Fishery Sceicne. Kargj. Iran.



12y WAD ylis g 5l IV oyleds psan Jlo sold Sludgs (slouing sy

18. 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 sterility in Cambridge and Belclare sheep (Ovis aries). Biol Reprod 70:
900-909.

19. Hanrahan, J.P. and J.B. Owen. 1985. Variation and repeatability of ovulation rate in Cambridge ewes.
Animal Production, 40: 529.

20. Jamshidi, A., M. Kasirgan, G.H. Rahimi Miyaru" and M.R. Banagiyan. 2011. Polymorphisms in
GDF9 gene in Sangsari sheep with PCR-RFLP. 11" Iranian Genetics Congress. Tehran, Iran.

21. Javanmard, A., N. Azadzadeh and A.K. Esmailizadeh. 2011. Mutations in bone morphogenetic
protein 15 and growth differentiation factor 9 genes are associated with increased litter size in fat-
tailed sheep breeds. Vet Res Commun, 35: 157-167.

22. Kasiriyan, M., G.H. Rahimi Miyanji and A. Jamshidi. 2009. Polymorphisms in genes Related to
Reproduction in Sangsari sheep with PCR-RFLP method. 10th Iranian Genetics Congress.

23.Khanahmadi, A.R., R. Khatami Nejad, M. Ahani Azari, S. Zereh Daran and A. Jalil. 2011.
PgLymorphisms in GDF9 gene in Dalagh sheep with PCR-RFLP. 11th Iranian Genetics Congress.
Tehran. Iran.

24. Khanahmadi, A.R., R. Khatami Nejad, S.H. Ghareh Veysi and A. Jalil. 2011. Polymorphisms in FecB
gene in Dalagh sheep with PBR method. 4th Iranian Animal Science Congress. Tehran. Iran.

25. Khanahmadi, A.R., R. Khatami Nejad, SH. Ghareh Veys and M. Khodadadi Sorkhi. 2011.
Polymorphisms_in FecB gene in Dalagh sheep with PCR-RFLP method and relationship with
reproduction. 4™ Iranian Animal Science Congress, Tehran. Iran.

26. Khederzadeh, S., A. Yazdanpanah, A. Mohammadi Kaftarkari and A. Salari. 2011. PonmorRhisms in
FecB gene in Dalagh sheep with PBR method and relationship with reproduction. 11" Iranian
Genetics Congress. Tehran. Iran.

27.Knight, P.G. and C. Glister. 2006. TFG -beta superfamily members and ovarian follicle development.
Reproduction, 132: 191-206.

28.Laitinen M.P.E., M. Cranfield, N.P. Groome, O. Ritvos and K.P. McNatty. 2002. Growth
differentiation factor 9 and bone morphogenetic protein 15 are essential for ovarian follicular
development in sheep. Biol Reprod, 67: 1777-1789.

29. Miller, SA., D.D. Dyckes and H.F. Polesky. 1988. A simple salting-outprocedure for extracting DNA
from human nucleated cells. Nucleic Acids Research, 16: 1215.

30. Mirabzadeh Ardakani, A. 2010. Detection of polymorphisms and allelic frequency MTNR1A and
GDF9 genes in Ghezel sheep. M.Sc. Thesis. University of Tehran.

31. Mohammadi, G.H. 2007. Polymorphisms in FecB gene in Ghezel sheep and relationship with
reproduction. PhD. Thesis. University of Oromiyeh.

32. Mohammadi, G.H., M.T. Beygi Nassiri, M. Ali Mahmodi, K.H. Mirzadeh and J. Fayazi. 2010.
Detection of Polymorphisms in FecB gene in Arabian and Lori-Bakhtiyari sheep in Khozestan
province with PCR-RFLP method. Iranian Journal of Veterinary, 5: 54-59.

33. Mohammadi, G.H., A. Saberivand and F. Barati. 2009. Polymorphisms in FecB gene in Macoei sheep.
10th Iranian Genetic Congress. Tehran. Iran.

34.Moradband. M., G. Rahimi and M. Gholizadeh. 2011. Association of Po;?/morphisms in Fecundity
Genes of GDF9, BMP15 and BMP15-1B with Litter Size in Iranian Baluchi Sheep. Asian-Aust.
Journal Animal Science, 24: 1179 -1183.

35. Pally, S, B. Brahma, A. Mukherjee, P.V. Vinesh, S. Batabyal, J.S. Arora, S. Pan, A. Kumar Samanta,
T. Kumar Datta and S. Lal Goswami. 2010. Polymorphism of BMPR1B, BMP15 and GDF9 fecundity
genesin prolific Garole sheep.Tropical Animal Health and Production, 42: 985-993.

36. Ricordeau, G., J. Thimonier, I.P. Polvey, M.A. Driancourt, M.T. Hochereau-de-Reviers and L.
Tchamitchian, INRA. Research on the Romanov sheep breed in France: a review. Livestock
Production Science, 24: 305-332.

37.Souza, C.J.H., C. MacDougall, B.K. Campbell, A.S. McNeilly and D.T. Baird. 2001. The Booroola
(FecB) phenotype is associated with a mutation in the bone morphogenetic receptor type 1B (BMPR-
1B) gene. Endocrinology.169: 1-6.

38.Vacca, GM., A. Dhaouadi, M. Rekik, V. Carcangiu, M. Pazzola and M.L. Dettori. 2010. Prolificacy
genotype at BMPR-1B, BMP15 and GDF9 genes in North African sheep breeds. Small Ruminant
Research, 88: 67-71.

39.Yeh, F.C, RC. Yang, T.Bj. Boyle, ZH. Ye and J.X. Mao. 1997. PopGene, the user-friendly

shareware for population genetic analysis. Molecular Biology and Biotechnology Centre, University
of Alberta, Canada.



Research on Animal Production Vol. 7, No. 14, Autumn and WINer 2016 ..........ooiiiiiieiiieiiiecee et ees st rte e s e sreen s e e 192

Effect of Polymor phismsin Some Candidate Genes on Twinning in Cross Breeds
of Shall and Romanov

Alireza K hanahmadi®, Ghodrat Rahimi Mianji?, Seyyed Hassan Hafezian®, Rasul
K hatamingjad*, Noor bibi Mamizadeh® and Seyyed Makan M osavi®

1-PhD Student, Sari Agricultural Sciences and Natural Resources University and Scientific staff University of
Gonbab Kavus (Corresponding author: ali.Khanahmadi @gmail.com)
2, 3 and 5- Professor and Assistant Professor and PTJD ‘Student, Sari Agricultural Sciences and Natural Resources
niversity
4- M.Sc. Molecular Genetic Laboratory of University of Gonbab Kavus

Received: March 15, 2014 Accepted: January 11, 2015

Abstract

This study was carried out to identify polymorphisms of BMP15, GDF9 and BMPRIB genes
in cross- bred of Romanovxshal sheep. For this reason 79 blood samples were collected from a
flock in Gonbad kavous city in Golestan province. DNA was extracted using modified salting
out method. Polymerase chain reaction was done by specific primers for amplification of two
fragments with 141and 153 bp from exon 2 of BM P15, one fragment with 190 bp from BMPR-
IB gene and two fragment with 462 bp, 139bp from exon 1and 2 of GDF9 genes, respectively.
The results obtained from digested PCR products did not confirm the existence of mutation in
BMp15, BMPR-1B and in exon 2 of GDF9 marker site. While, polymorphism was observed in
exon 1 of GDF9 marker site and the heterozygotes were estimated as 0.11 in this population.
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