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Abstract: The genetic polymorphism of some genes related to meat production in three Egyptian sheep breeds
(Barki, Rahmani and Osseimi) was studied. The candidate genes were: Myostatinand Insulin-like growth factor.
The technique applied was the restriction fragment length polymorphism for the polymerase chain reaction
products. Polymorphism was found in the Myostatin gene, while no polymorphism was exhibited by Insulin-like
growth factor binding protein-3 gene in the three breeds understudy. Myostatin digested with Dral had two
genotypes AB and BB. The AA genotype cannot be detected. The highest allelic frequency was for allele B.
Insulin-like growth factor binding protein-3 had only one genotype, BB genotype for Insulin-like growth factor
binding protein-3 digested with Haelll, therefore this is not recommended in the selection program. The result
of Chi-square analysis indicated that the three Egyptian sheep breeds were in Hardy-Weinberg Equilibrium.
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INTRODUCTION

Sheep is one of the most important domestic animals
raised in Egypt. Sheep population in Egypt increased by
66.7 % from 1961 to 2005 [1]. There are almost 5.5 million
head of sheep [2]. Sheep are raised mainly for meat
production with carpet sheep wool as a secondary
product [3].

The three major Egyptian sheep breeds are: Barki,
Rahmani and Osseimi, They represent about 65% of the
total sheep population in Egypt [4]. The Egyptian sheep
are characterized as small-to medium-sized body, fat tailed
and fleece is coarse wool breeds [5].

Meat is an integral part of a healthy diet and meat
consumption continues to increase steadily, while the
world’s producers of livestock for red meat production are
finding it difficult to cope with the increase in demand [1].
Sheep contribute 6% of the total red meat produced and
are considered the second source of red meat in Egypt [6].

At the present time, the consumers demand for sheep
meat is not focused on quantitative traits only, but also
qualitative traits of meat. Animal breeders could accelerate
the rate of genetic improvement attained in carcass

composition and meat quality traits through the
application of gene-assisted selection (GAS), based
simply on incorporating some candidate genes in
traditional breeding programs [7].

The allele variation within candidate genes between
breeds is warranted to differentiate them on genetic basis.
The result of this variation may assist in choosing the
best strategy of improvement options for these genetic
resources [8].

There are many published articles on different genes
associated with meat-related traits in different sheep
breeds, among these genes are MSTN and /GFBP-3.

Myostatin (MSTN) gene,(also known as growth and
differentiation factor 8, GDF8) is the major regulator of
myogenesis and it functions as a negative regulator of
muscle growth in mammals. Mutations in MSTN are
associated with increased skeletal muscle mass (double
muscling) in sheep [9, 10]. The regulation of muscularity,
adiposity and tendon structure potentially has important
implications for sheep meat production. Ovine MSTN is
located on OAR 2. Myostatin is known to directly
influence muscular hypertrophy and carcass conformation

[11].
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Insulin-like growth factor binding protein-3 (/GFBP3)
is a specific carrier protein that binds non-covalently to
IGFs in circulation [12]. It acts as a marker for different
body growth, metabolism,
reproduction, in controlling body weight, immunity
and energy balance [13]. /IGFBP-3 has been localized to
OAR21 [14] Polymorphism in /GFBP3 has been studied
in different live stocks. There are a few reports in cattle
[15], buffalo [16] and sheep [17], which suggest the
polymorphic/non-polymorphic nature of /GFBP-3 gene.

The aim of the present study is to identify the genetic
polymorphism for two genes correlated with meat gain
and traits (MSTN and IGFBP-3) in three Egyptian sheep
breeds (Barki, Rahmani and Osseimi). Application of
Polymerase Chain Reaction-Restriction Fragment Length
polymorphisms (PCR-RFLPs) will be carried out.

functions such as

MATERIALS AND METHODS

Animals and Blood Collection: A total of 60 animals
representing the three Egyptian sheep breeds understudy,
Osseimi, Barki and Rahmani were randomly sampled
(20 samples per breed). All animals were born and reared
in the Agriculture Research Station, belonging to Faculty
of Agriculture, Cairo University. Blood samples were
collected in tubes containing EDTA as anticoagulant and
transported to the laboratory under cooled conditions.

DNA Isolation: DNA was extracted and purified from
blood samples using the whole blood salting out
technique described by Miller et al. [18]. DNA
concentration and purity were determined using a UV
spectrophotometer at optical density of 260 and 280 nm.

Polymerase Chain Reactions (PCR): Reactions were
performed using specific primers for each gene under
study. Details of the primer sequences are listed in table
1. Amplification reaction was carried out in a 25 pl volume
containing 100 ng genomic DNA, forward and reverse
primer (both at concentration 10 pmol/ul), 1U Tagq
polymerase, 2.5 pl Taq polymerase buffer, four dNTPs
(each at final concentration of 2.5 mM/pl) and de-ionized
double distilled H,O up to a total volume of 25 ul. The
general PCR program for the amplification of the genes
included in the current study was: initial denaturation:
95°C for 3 min., 95°C for 15 sec. (denaturation), 58—63°C
for 30-60 sec. (annealing depending on the gene) and
72°C for 30 sec. up to 35 cycles, then final extension at
72°C for 5 min. and finally storage at 15°C.
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Table 1: List of primer sequences and restriction enzymes of candidate genes

Gene symbol ~ Primer séquences Restriction enzyme

MSTN 'TGGCGTTACTCAA AAGCAAA Dral
AACAGCAGTCAGCAGAGTCG

IGFBP-3 CCAAGCGTGAGACAGAATAC' Haelll
AGGAGGGATAGGAGCAAGAT

For PCR optimization the temperature and the time of
the annealing temperature were changed. The success of
PCR was tested after running some of the products on 2%
horizontal agarose gel electrophoresis and staining with
ethidium bromide.

Restriction Fragment Length Polymorphism (RFLP):
Ten microliters from the PCR products were digested with
5 units of the fast restriction enzyme including specific
buffer (Fermentas, Germany) specific for each gene
(Table 1) in a final reaction volume of 15 pl. The reaction
mixture was incubated at 37°C in water bath for 30
minutes.

After restriction digestion, the restricted fragments
were visualized after running in horizontal gel
electrophoresis (2-3 % agarose) and staining with
ethidium bromide, except I[GFBP3 reaction mixtures were
running in vertical polyacrylamide gel electrophoresis
(since the cut fragment size was small). The 100-bp ladder
was used as molecular size marker. The bands were
visualized under UV light and the gels were photographed
using digital gel documentation system (Bio-Rad, USA).
The allele sizes were determined using free software
named Lab. Image V2.7. It is dispersed free from Proland
company (Germany), from the internet through the web
page: http://www.labimag-ing.com/servlet/ engine/home/
start.html.

Statistical Analysis: The genotypic and allelic
frequencies, the observed and expected heterozygosities
and the %2 test for Hardy-Weinberg equilibrium (HWE)
were calculated using Pop Gene 32.1 package [19].

RESULTS AND DISCUSSION

Genetic Polymorphism of MSTN Gene Digested with
Dral: The ovine MSTN gene produced a DNA fragment
of 497 bp (Figure 1). Digestion of this fragment by
restriction endonuclease Dral generated only two
different genotypes, AB and BB, no AA genotype was
found. The uncut was related to the A allele, while the cut
fragment (427 and 70 bp) was corresponding to the B
allele (Figure 2). In general the A allele was characterized
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Table 2: Genotypic and allelic frequencies of MSTN gene digested with Dral

Genotypic Frequency Allelic Frequency
Locus
Restriction enzyme. Breed AA AB BB A B
MSTN (Dral) Barki 0 0.45 0.55 0.23 0.77
Rahmani 0 0.35 0.65 0.17 0.83
Osseimi 0 0.15 0.85 0.07 0.93

Table 3: Observed heterozygosity (Ho), expected heterozygosity (He) and 2 estimates of MSTN gene digested with Dral

Locus

Restriction enzyme. Breed He %2

MSTN (Dral) Barki 0.36 1.47
Rahmani 0.30 0.75
Osseimi 0.14 0.08

Fig. 1: Detection of PCR products of MSTN gene on 2% agarose gel electrophoresis. Allele size for the MSTN was about
497 bp. Lane M, 100bp DNA ladder. Lanes (1, 2) Barki, (3-5) Rahmani and (6, 7) Osseimi breeds

Fig. 2: DNA electrophoretic pattern of MSTNamplicon after digestion with Dral endonuclease. Lane M, 100bp DNA
ladder, lanes (1, 2, 3, 6, 10, 11, 12) genotype AB (497, 427and 70bp) and lanes (4, 5, 7, 8, 9) genotype BB (427 and
70). It was difficult to classify the 70 bp fragment on 2.5% agarose gel since it could not be seen

by the deletion of a small DNA fragment (TTTTA). This
deletion was found in 5"UTR of goat MSTN gene and
causing a significant effect on body weight and size [20].

Xianglong and his colleges [20] reported that such
deletion was unique for goats. The present study
indicates that this deletion can be also seen in different
sheep breeds and not limited to goats.

It was observed that the BB genotype was the
more common genotype in all breeds under study; this
might be due to the low frequency noticed for the allele A
(Table 2).
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The values of the observed heterozygosity were
higher than the expected ones in all breeds (Table 3).
The frequency of the B allele was significantly higher
than that of A allele, especially in Osseimi breed. This may
explain the lowest heterozygosity in this breed.

Absence of AA genotype and presence of AB
genotype in Egyptian sheep’s may be due either to a
mutation (deletion) in corresponding locus or allele A is
naturally exists in the sheep genome. Further studies,
especially sequencing of the heterozygous genotype
(AB) is recommended.
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Fig. 3: Detection of PCR products of IGFBP-3 gene on 2% agarose gel electrophoresis. Allele size for the IGFBP-3 was
about 654 bp. (Lane M, 100bp DNA ladder). Lanes (1-3) Barki, (4-5) Rahmani and (6-8) Osseimi breed

Fig. 4: Polyacrylamide gel electrophoresis for DNA of /GFBP-3amplicon after digestion with Haelll endonuclease. Lane
M, 50 bp DNA ladder, all lanes (1-14) genotype BB (201, 201, 87, 76 and 57bp). It was difficult to classify the (19,

16 and 8 bp) fragments on polyacrylamide gel

The highest heterozygosity either observed (0.45)
or expected (0.36) was in Barki sheep. The lowest values,
0.15 and 0.14 were in Osseimi but Rahmani has moderate
value of 0.35 for (Ho) and 0.30 for (He) (Table 3).

HWE of breeds was determined by using y2-test.
The MSTN locus Dral had 2 value of 1.47, 0.75 and 0.085
for Barki, Rahmani and Osseimi respectively. %2 values
indicate non-significant deviation from HWE (P>0.05)
(Table 3).

Genetic Polymorphism of IGFBP-3 Gene Digested With
Haelll: The length of the amplified product of ovine
IGFBP-3 gene was 654 bp in sheep (Figure 3). The
amplified 654 bp fragment comprises the last part of
exon 2, complete intron 2, exon 3 and a part of intron 3.
The exon—intron regions were assigned on the basis of
the published reports of this gene in cattle [21].

It is clear from Haelll RFLP pattern represented in
Figure (4) that, there was no polymorphism among the
three Egyptian sheep breeds in respect to /GFBP-3 gene.
Digestion of the PCR product of /GFBP-3 gene with
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Haelll revealed only one type of restriction pattern
including fragments of sizes 201, 201, 87,67, 57,19, 16 and
7 bp (The first five fragments were visible) which
represent the allele B only. This result indicates the
homozygosity of this gene in the three studied sheep
breeds.

The present findings are similar to those reported
by Kumar et al. [16] who found no polymorphism in
IGFBP-3 gene in five Indian sheep breeds. However, they
obtained Haelll restriction pattern of eight fragments of
sizes 201, 201, 87, 67, 57, 19, 16 and 7 bp in all animals
studied revealing absence of polymorphism in these
Indian sheep breeds. Also, the present results showed
only one genotype (BB) in the three Egyptian sheep
breeds.

Ali et al. [22] reported the same result in the four
Egyption sheep breeds (Rahmani, Osseimi, Barki and
Awassi) indicating the homozygosity of this gene in the
four breeds studied. They also reported that all the sheep
have intact Haelll restriction site (GG | CC) indicating the
absence of polymorphism at this site.
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CONCLUSION

The gene MSTN was polymorphic in all breeds
examined. Barki sheep breed showed the highest
observed heterozygosity for MSTN genes. The same
breed also showed the highest genotypic frequency
(AB) for MSTN gene, followed by Rahmani then
Osseimi.The /GFBP3 gene was monomorphic, therefore
this is not recommended in the selection program. In order
to have sharp molecular markers especially for
economically important traits such as gain and meat traits
in the Egyptian sheep breeds, studies must be carried out
on the candidate genes on a large smaple size from each
bread.

REFERENCES

1. FAO, 2007. FAO
http://faostat.fao.org/.
FAOSTAT., 2011.
http://faostat.fao.org/.
3. Galal, S., F. Abdel Rasoul, M.R. Anous and I. Shaat,
2002. On-station characterization of small ruminant
breeds in Egypt. Page: 78 in ISBN 977-298-2510-1.
ICARDA, Aleppo, Syria and Faculty of Agriculture,
Ain Shams University, Egypt.
Elshennawy, M., 1995. Sheep development program
in Egypt, in Strategies for sheep and goat breeding,
Gabina D. (ed.)., 11: 27-32.
5. Aboul-Ela, M.B., A.M. Aboul-Naga, T.H. Shalaby
and K. Maijala, 1987. Physiological response to
climatic changes in Finnish Landrace ewes raised in

Statistical Year book.

FAO Statistical Year book.

Egypt and their half-sibs raised in Finland. Livest.
Prod. Sci., pp: 14.

6. Galal, S., F. Abdel-Rasoul, M.R. Anous and
[.M. Shaat, 2005. On station Characterization of Small
Ruminant Breeds in Egypt. In: Characterization of
Small Ruminant Breeds in West Asia and North
Africa, Pages 141-193 in Luis Iniguez (Ed.) ICARDA,
leppo, Syria.

7. Andersson, L., 2001. Genetic dissection of

phenotypic diversity in farm animals. Nat. Rev.
Genet., 2: 130-138.
8. Tohidi, R., G. Elyasi, A. Javanmard, J. Shoja,
2013. Molecular
analysis of ovine calpastatin gene in six Iranian
sheep breeds using PCR-RFLP. J. Anim. Prod. Adv.,
3(9): 271-277.

R. Rezaei and O. Pirahary,

423

9.

10.

11.

12.

13.

14.

15.

16.

17.

Clop, A., F. Marcq, H. Takeda, D. Pirottin, X. Tordoir,
B. Bibé, J. Bouix, F. Caiment, J.M. Elsen, F. Eychenne,
C. Larzul, E. Laville, F. Meish, D. Milenkovic,
J. Tobin, C. Charlier and M. Georges, 2006. A
mutation creating a potential illegitimate microRNA
target site in the myostatin gene affects muscularity
in sheep. Nat. Genet., 38: 813-818.

Kijas, J.W., R. McCulloch, J.E. Edwards, V.H. Oddy,
S.H. Lee and J. Van Der Werf, 2007. Evidence for
multiple alleles effecting muscling and fatness at the
Ovine GDF8 Locus.BMC Genet., 8: 80-90.

Nakev, G., P. Stamberov, 1. Dimitrova, N. Stancheva,
S. Georgieva, D. Hristova, G. Angelov, T. Mehmedov,
K. Genova and A. Teneva, 2013. Growth and
development of skeletal muscle in connection with
the expression of the Myostatin Gene (MSTN). Page
640-647. Proceedings of the 10" International
Symposium Modern Trends in Livestock Production.
Bale, I.LK. and C.A. Conover, 1992. Regulation of
insulin like growth factor binding protein 3
messenger ribonucleic acid expression by insulin like
growth factor-1.Endocrinology, 131: 608-614.
Sharma, R.K., H.T. Blair, Jenk C.M.C. Inson, P.R.
Kenyon, J.F. Cockrem and T.J. Parkinson, 2012.
Uterine environment as a regulator of birth weight
and body dimensions of new born lambs. J. Anim.
Sci., 90: 1338-1348.

Hastie, P.M., O.M. Onagbesan and W. Hareign, 2004.
Co-expression of messenger ribonucleic acids
encoding IGF-I, IGF-II; type I and II IGF receptors
and IGF-binding proteins (IGFBP-1 to -6) during
follicular development in the ovary of seasonally
anoestrous ewes. Anim. Reprod. Sci., 84: 93-105.
Shukla, A., 2001. PCR-RFLP studies on insulin-like
growth factor binding protein 3 (IGFBP-3) gene in
cattle. M.V.Sc. thesis submitted to the Indian
Veterinary Research Institute (Deemed University),
Izatnagar, Bareilly, UP, India.

Padma, B., P. Kumar, V. Choudhary, S.K. Dhara,
A. Mishra, T.K. Bhattacharya, B. Bhushan and
A. Sharma, 2004. Nucleotide sequencing and PCR-
RFLP of insulin-like growth factor binding protein-3
gene in riverine buffalo (Bubalus bubalis). Asian-
Aust. J. Anim. Sci., 17: 910-913.

Kumar, P., V. Choudhary, K. Ganesh, T.K.
Bhattacharya, B. Bhushan, A. Sharma and A. Mishra,
2006.  Nucleotide sequencing and DNA
polymorphism studies on IGFBP-3 gene in sheep and
its comparison with cattle and buffalo. Small
Ruminant Research, 64: 285-292.



18.

19.

20.

Global Veterinaria, 13 (3): 419-424, 2014

Miller, S.A., D.D. Dykes and H.F. Polesky, 1988. A
simple salting out procedure for extracting DNA from
human nucleated cells. Nucl. Acids Res., 16: 12-15.
Yeh, F.C., T. Boyle, Y. Rongcai, Z. Ye and J.M. Xian,
1999. POPGENE, Version 1.31. A Microsoft Window
Based Free Ware for Population Genetic Analysis.
Univ. Alberta, Edmonton.

Xianglong, L.I., L. Zhengzhu, Z. Rongyan, Z. Guiru,
G. Yuanfang and L.I. Lanhui, 2008. Deletion of
TTTTA in 5'UTR of goat MSTN gene and its
distribution and genetic effect on body weight. Front.
Agric. China., 2(1): 103-109.

424

21.

22.

Maciulla, J.H., HM. Zhang and S.K. Denise, 1997.
A novel polymorphism in the bovine insulin-like
growth factor binding protein-3 (IGFBP-3)
gene.Anim. Genet., 28: 375.

Ali, B.A., A.A. EL-Hanafy and H.H. Salem1, 2009.
Genetic biodiversity studies on IGFBP-3 gene in
Egyptian sheep breeds. Biotechnology in Animal
Husbandry, 25(1-2): 101-109, Publisher: Institute for
Animal Husbandry, Belgrade-Zemun.



