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Figure 1. SSCP analysis of amplified fragments from exon 1 of FSHB resulting in the identification of seven different
banding patterns

', e

c A C o o T L=

WL [

A

I

G C i o A i iy T L5}
(=
i A T ¢ ¢ N & G A

WY o)w ..\.u}flfy C«u&}o i 9“\' C.M’.B}O = AR L.,a.d}a | A.S; U’)ﬂ » 04U &L\du dllb M’" > -y Ji.«:v
Figure 2. Identified mutations from exon 1. A: site 30, B: site 90 and G: site 121

slolis gl sl 5 () e i 1) o] 5 Shes
cd o) b o KP162005 plols oS L A gs3)l ons
0 038 & JIg b agglS 5 JI duslio izgan .25
P easlls 5 sbdl S (SB4T45.1 i5) FSHB
3905 ploks (110 A-T-ACT) ouiSaS i anl

(Y Js2)

P o 9 odd olels cbies le

D5 5 okb glitel (sloatsel Sool Widgr 0 gBly S,
e plis oS 2g sy s sl slaasgilS s
o K a8l b Ghgls gyl e ol
Slgv go Lol and i puti 1) SalS'y sl Jlgi [igels

Sy ST o iS5 i oSV o 35538 5 sloiar YV Jy
Table 2. The nucleotide mutations between seven different amplified banding patterns by primer 1

SSCP sl Sl 5~ )il s sla s
30 0 110 21

S64745.1 CACCATCACC TGCAGGCTAT GGGTAGGCAL TTTGCTTTGC  TGGAAGTGAG ~ ACT
1 C G T c G c T c C G AC
2 T T G c T c T G AG
3 T N G c T ¢ N G AC-
4 T N G c T c T G AC
5 T N G ¢ T ¢ N G AC
6 T N G c T c N G AC
7 T T G c T c T G AC

103 o 5 Ty i ol aojlod


http://dx.doi.org/10.29252/rap.8.16.177
https://rap.sanru.ac.ir/article-1-820-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-19 ]

[ DOI: 10.29252/rap.8.16.177 ]

‘A o Mg ) ljgliay o LFSHB (o aw 5 Sy 09581 M sla (85 sz b))

s ol bl e Y Jpiz) smae )5 ol o
24 29 (P <) Jlagne pg> oS5 ) (aljg x> L
Iy (VAA) oy dlaws oy i B (66U A (665 b dulin
ool oy olaws o eS B 668U A (g6l g 0l LS
AWM B gl (6631 s (Jg oy [olaid] 05 &y oS

(¥ Jgiz) cails (i 8y 6L ()l ime

il 3,90 lies b i b
L (G g F)oXIl g3 dmodly Juow g ayjon dlspo o
Sas Bl LT a5l (eanlie ) oSl gl
dallas 3j50 Slas b osd oLl (slagSI bl )y
(P <+/8) (o) szo yobo &y dalllas 5yg0 4l &S ol LS
oSG ¥ Job j0 1y oy slaws ke 5 oy IS olass

ligh iz sl b il slagSIl Slasye Jilus (xSl Y S5
Table 3. Least squares means for litter size of different banding patterns

o Mudlmﬁ]
A B C D E Pr>F
oy ol (pSSleo bc c bc ab a s
S VY & o[oA V¥ E 0 VY & o) of VEeE e VA% - VF N
Poy JS sl be c bc ab a /
S5 ¥ /5% IV YIAVE «/0] /52 /¥ OISVE /0 SIVDE +/AY K
*(P<0.05)

gl xix (el (el dalizo la ¢S @l ol pShis BT -F Jous
Table 4. Maximum likelihood analysis for litter size of different banding patterns

i (058 Olgs 2 A (551) ilizeo slasSl
B c D E Pr>ChiSg
gl oS5 YR JYEE -/FY JSAE -[5Y —«\a% .Ja5 - vy
9> oS VAYE [/F —eI¥YE L /FN IEVE [N VIMZE <Ay ole
o vSub NALERY/S — [0 % /Y —IYYE /5 VIYAE «[aY -y
oyl pSi SVovt /A —+/avE L/¥Q [s5E LISY VAL /AR Y
*(P<0.05)

091 S xS s (Bl (YY) e 5 S
R 226ombk b g calEi b adlas ;3 &5 FSHB o
05 ol e 4 jomie Ylaas! o5 ol o Gies o)l bl
prie Blgi oo oS 398 0 FOSH clale g9, fl a3 4
g Cog opmed (V) 29d (G)SeSS Ep e &
stl9l8 diz a8 2ol (155 (gilwand oy (V) pled
) Cad)b g ($52) S5 5 dluly (lod i by
&P b slagies ) ey 29t S )bl S
Dyde e jubn e 9 Sy e b (g5 SKesS
@ E5 2 el Jele S eSS 5l nle
M Ui Gimgh cnl @l cggecme )3 (V) Cuss alioy
13 FSHB 5 aslllas (5; caslio b, PCR-SSCP &5
Pk ey g 380 ol @l b aslbie i
L8 55 eieas |y olols il ol a3 Cuman

d )5 e s oolp el sladel y

‘_;;,a).\é 9 ’&MH&“

YA Y ojlods 4 b zub as dlde oyl
ool 0> slaciclus Jl pib o piY &S Cul
SIS ()l b e g (65)5liS pole oKy dmgl
I i JeS Giaghy cnl (B Mg izman omles
O (2ol LawsS dlp Mol oKl cupie 5 LS,K
500 addllas cpl sloosly als Jy8 o g o b

115 gy PCR-SSCP wls Lis tmgd ol bt

05 Jol 09551 lp gk MheosS Comer i (s
P 9 sl 09351 L bl > (s ()9S .ol FSHB
DI MdwsS > (aljgs w3 ol B g oSl ()
S8 o Canen cnl 3 05 ol P 095ST a0
Ohlen 5 SUI IS 5 (3eios nl @l S g
PNl JSE SS e 0F el Jol et (YY)
Cdb ggerme > g (KD M Gl pgw (95T A
A il oSl as alelis Jol 9551 lp gl )
@1y oaalio (908 G g F (slagsll g Slgl3 on yie
oSl el (slyr (YY) ySon 5 (S35 50ls ol 255
BB 5 AB AA gy ¥ PCR-SSCP is, b 3
boslag o 1) 51 cpyiier AR Cigf & 2038 odalie
Sy 1y i3 aw 55 (V) ohlSen 5 ol el Vb o))
ol b5 52,8 LBy sanlie elSols cpl ped o]
S oslizl b a8 (3) oS 5 edliLE el b Liagg
Clo,Slis 53l o)lS (GWAS) ogij bl aslllas
oyl pajgeg)S 59y ok MbwsS (2ljglEsd (glp o sne
b callas 5yl 3 ol 0 FSHB 5 & ok V0
S (W) ohlSen o adai b Gimgdy onl s (izpen
koS 53 1y (2ol 2> (pg> (y935T) FSHB xiols ()55
L bl oyl calls aad o 3 5L cov ok
ol 0 oy 35,500 Slalllae > FSHB 5 o IS


http://dx.doi.org/10.29252/rap.8.16.177
https://rap.sanru.ac.ir/article-1-820-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-19 ]

[ DOI: 10.29252/rap.8.16.177 ]

W WA il 1V o o [ Jlo (ool il (sloimgy

&b

1. An, X.P.,, D. Han, JX. Hou, G. Li, Y.N. Wang, L. Li, G.Q. Zhu, J.G. Wang, Y.X. Song and B.Y. Cao.

2010. Polymorphism of exon 2 of FSHB gene and its relationship with reproduction performance in

two goat breeds. Agricultural Sciencesin China, 9: 880-886.

Artimo, P., M.J. onnalagedda, K. Arnold, D. Baratin, G. Csardi and E. DeCastro. 2012. EXPASy: SIB

bioinformatics resource portal. Nucleic Acids Research, 40: 597-603. ) o

Bennett, G.L. and K.A. Leymaster. 1989. Integration of ovulation rate, aﬁ)otentlal embryonic viability

and uterine capacity into amodel of litter sizein swine. Journal of Animal Science, 67: 1230-1241.

Byun, S.O., Q. Fang, H. Zhou and J.G.H. Hickford. 2009. An effective method for silver-staining

DNA in large numbers of polyacrylamide gels. Anaytical Biochemistry, 385: 174-175.

Fan, Q.R. and W.A. Hendrickson. 2005. Structure of human follicle-stimulating hormone in complex

with its receptor. Nature, 433: 269-277.

Farhadi, A., V. Genualdo, A. Perucatti, S.H. Hafezian, G. Rahimi-Mianji, L. De Lorenzi, P. Parma, L.

lannuzzi and A. lannuzzi. 2013. Comparative FISH mapping of BMPR1B, BMP15 and GDF9

fS%c;Jndity genes on cattle, river buffalo, sheep and goat chromosomes. Journal of Genetics, 92: 595-

7. Fox, K.M., JA. Dias and P. Van Roey. 2001. Threedimensiona structure of human follicle-
stimulating hormone. MolecularEndocrinoligy, 15: 378-389.

8. Gdloway, SM., K.P. McNatty, L.M. Cambridge, M.P.E. Laitinen, J.L. Juengel, S. Jokiranta, R.J.
McLaren, K. Luiro, K.G. Dodds, G.W. Montgomery, A.E. Besttie, 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. Nature Genetics, 25:279-283.

9. Gholizadeh, M., G. Rahimi-mianji, A. Nejati-javaremi, D.J. De Koning and E. Jonas. 2015.
gf”i’grg%ge association study to detect QTL for twinning rate in Baluchi sheep. Journal of Genetics,

10. Hall, T.A. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis program
for Windows 95/98/NT. Nucleic Acids Symposium Series, 41: 95-98.

11.Hediger, R., S.E. Johnson and DJ. Hetzel. 1991. Localization of the beta-subunit of follicle
stimulating hormone in cattle and sheep by in situ hybridization. Animal Genetics, 22; 237-44.

12. Hanrahan, J.P., SM. Gregan, P. Mulsant, M. Mullen, G.H. Davis, R. Powell and S. 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 (Ovisaries). Biology
Reproduction, 70: 900-909.

13. Kimchi-Sarfaty, C., JM. Oh, I.W. Kim, Z.E. Sauna, A.M. Calcagno, S.V. Ambudkar and M.M.
?(,Bfét?zgag'zgom' A ‘silent’ polymorphism in the MDR1 genechanges substrate specificity. Science,

14. Kumar, T.R., Y. Wang, N. Lu and M.M. Matzuk. 1997. Fallicle stimulating hormone is required for
ovarian folliclematuration but not male fertility. Nature Genetics, 15: 201-204.

15.McLahlan, R.I.,, N.G. Wreford, D.M. Robertson and D.M. de Kretser. 1995. Hormonal Control of
Spermatogenesis. Trendsin Endocrinol(;%y and Metabolism, 6: 95-101.

16. Miller, SA., D.D. Dykes and H.F. Polesky. 1988. A simple salting out procedure for extracting DNA
from human nucleated cells. Nucleic Acids Research, 16:1215.

17.Nazifi, N., G. Rahimi-Mianji and Z. Ansari-Pirsaraei. 2011. Associatiop of polymorphism in FSHB
gene with litter size in Iran Black, Arman and Baluchi sheep. The 12" Iranian Genetics Congress.
Tehran-Iran, (In Persian).

18.Ohta, T., H. Miyake, C. Miura, H. Kamei, K. Aid and T. Miura. 2007. Follicle-stimulating hormone
induces spermatogenesis mediated by androgen production in Japanese eel, Anguilla japonica
Biology Reproduction, 77: 970-977.

19. ﬁAC\:S. 2009. SAS Statistical Analysis Systems 2000. User’s Guide. SAS Institute Incorporation, Cary,

20. Souza, C.J.C., B.K. MacDougall, A. Campbell, S. McNeilly and D.T. Baird. 2001. The Booroola
FecB) phenotype is associated with a mutation in the bone morphogenetic receptor type 1 B
BMPR1B) gene. Journal of Endocrinology, 169: 1-6.

21.Waldron, D.F. and D.L. Thomas. 1992. Increased litter size in Rambouillet sheep: I. Estimation of
genetic parameters. Journal of Animal Science, 70: 3333-3344.

22.Zhang, C.Y., C.J. Wu, W.B. Zeng, K.K. Huang, X. Li, J.H. Feng, D. Wang, G.H. Hua, D.Q. Xu, Q.Y.
Wen and L.G. Yang. 2011. Polymorphism in exon 3 of follicle stimulating hormone beta (FSHB)
subunit gene and its association with litter traits and superovulation in the goat .Small Ruminant

Research, 96: 53-59.

o o M W D


http://dx.doi.org/10.29252/rap.8.16.177
https://rap.sanru.ac.ir/article-1-820-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-19 ]

[ DOI: 10.29252/rap.8.16.177 ]

Research on Animal Production Vol. 8, NO. 16, SUMMEr 2017 .......c.cuiniriniiiiiiieiieicteiiesteee e eie e s s ea s eevaareesns e aennenenseeneens 182

Association of Genetic Variation in Exon 1 and 3 of FSHB Genewith Litter Sizein
Baluchi Sheep

Mohsen Gholiadeh' and M ojtaba Najafi?

1- Assistant Professor, Sari Agricultural Sciences and Natural Resources University
(Corresponding author: mh_gholizadeh@yahoo.com)
2- PhD in Animal Breeding and Genetics, Sari Agricultural Sciences and Natural Resources University
Received: June 27, 2015 Accepted: October 3, 2015

Abstract

This research was conducted to find association of genetic variation in exon 1 and 3 of the
follicle stimulating hormone beta (FSHB) subunit gene and litter size in Baluchi sheep. DNA
was extracted using modified salting out method and polymerase chain reaction was used to
amplify afragment of 220 bp of exon 1 and a fragment of 427 bp of exon 3 along with a part of
intron 2. Two methods of PCR-SSCP and DNA sequencing were used for identification the
different genotypes, While no polymorphism was found for exon 3, the present study identified
3 novel nucleotide polymorphismsin exon 1 of ovine FSHB gene, resulted 7 banding patterns
which significantly influenced total and average number of labs across al parties. Results also
showed significant association (p<0.05) of polymorphism in exon 1 with litter size for parity 2
in away that pattern E had the most phenotype (1.88) compared with pattern A as reference
while the less phenotype was detected for pattern B. These results showed the potentia
usefulness of this gene in marker-assisted selection for sheep breeding.
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