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ABSTRACT 
 
 Polymorphism in BMPR-1B (Fec B mutation), BMP-15 (Fec XI mutation) and beta casein genes were 
studied in two fecundity Egyptian flocks of goats, including Zaraiby and Damascus breeds. Blood samples were 
collected from 50 individuals of the two breeds (25 animals each). T-ARMS-PCR technique was used to detect 
the point mutation (Fec B) in BMPR-1B gene. Also, RFLP-PCR technique was used to detect the 
polymorphisms in BMPR-1B and BMP-15 genes. Whereas, AS-PCR methods was used to analyze the genetic 
variants or to study the different two alleles (A1 and A2) of Beta casein gene. The results showed that the 
polymorphisms in BMPR-1B and BMP-15 genes were absent, while, the polymorphism in beta casein genes 
subsequent sequencing was revealed. The incidence of homozygous A1A1 was higher in Zaraiby and Damascus 
mothers producing singles than that mothers producing twins. Also, in both Zaraiby and Damascus breeds, the 
incidence of homozygous genotype A2A2 was present in mothers producing twins, while this genotype A2A2 
was absent in mothers producing singles. In conclusion, none of polymorphism of Fec B and Fec XI loci were 
found in the two fecundity Egyptian goat flocks. However, the present results indicated that the polymorphism 
of beta casein can be regarded as effective molecular markers on MAS program for goat reproduction. Also, the 
CSN2 locus is mainly characterized by two alleles associated with two quantitative levels of corresponding 
protein: healthy (A2) and dangerous (A1). So, the improving the Egyptian goat breeds towards economic issues 
must be directed towards increasing the frequency of homozygous A2A2 genotype and removing the 
homozygous A1A1 genotype from the national herds, this might prove beneficial for both the health and dairy 
industries.  
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Introduction  
 
 In Egypt economy, the goats play a role as supplier of meat and milk. Since goats have their place in 
agriculture, ways have to be found to improve their level and efficiency of production and quality of their 
products. Efficient production depends, among others upon genetic improvement and molecular genetics 
knowledge is a useful tool in this respect.  
 High litter size / twinning are an economically important trait that enhances goat productivity in terms of 
producing more numbers of offspring, meat and milk (Akingbade, et al., 2004). So, the improving of 
reproductive traits in goats has become of increasing interest, where increases in litter size can equal large gains 
in profit. Most, Egyptian breeds of domestic goats have one or two kids at each lambing, although a small 
number of breeds including Zaraiby have litter sizes of two or more (Anous et al., 2009). Attempts to increase 
litter size by selection within a breed results in slow progress, because the heritability of litter size is low. 
Therefore, the discovery of major genes (or mutations) with large effects on ovulation rate and thus litter size, 
has generated considerable interest among goat breeds and scientists. Despite the fact that some of such genes 
have become very reliable especially in sheep, our knowledge regarding the incidence in goats is still deficient. 
However, several studies reported that there are similarities in genetic subjects between sheep and goats. For 
instance, sheep (Ovis aries) which are closely related to goats (Capra hircus), both belonging to the subfamily 
Caprinae, have a diploid number, 2 n=54 with 3 pairs of metacentrics that apparently have arisen by fusion of 
the largest telocentric pairs observed in Capra (Evans, et al., 1973; Henderson and Bruere 1989; Hediger and 
Stranzinger, 1984). 
 In recent years, a number of natural genetic mutations have been identified with ovulation rates varying 
between 0 and 4 in sheep breeds including one point mutation in the growth differentiation factor-9 (GDF-9), 
one in the bone morphogenetic protein receptor (BMPR-1B) or Booroola gene (Fec B) and five different 
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mutations in the bone morphogenetic protein 15 gene including Fec XI (Inverdal), Fec XH (Hanna), Fec XB 
(Belclare), Fec XL (Lacaune) and Fec XG (Galway) (Polley et al., 2009; Ma et al., 2010). It was certificated that 
these mutations had great association to the ovulation rate of different sheep breeds especially the Fec B 
(Booroola breed) and Fec XI (Inverdal breed) mutations (Polley et al., 2009; Ma et al., 2010). The Booroola 
fecundity gene (Fec B) is a single autosomal gene, which increases ovulation rate and litter size in sheep (co-
dominant for ovulation rate and partially dominant for litter size) (Piper, et al., 1985; Montgomery et al., 1993). 
The Fec B locus is situated in the region of ovine chromosome 6, which is syntenic to human chromosome 4 
(Montgomery et al., 1993). The BMPR1B also known as ALK-6 is a member of the transforming growth factor 
–β (TGF-β) superfamily. These are multifunctional proteins that regulate growth and differentiation in many cell 
types. Members of this family play essential roles during embryogenesis in mammals, amphibians and insects as 
well as in bone development, wound healing, hematopoiesis and immune and inflammatory responses 
(Massaque, 1998; Letterio and Roberts., 1998). The single copy of Fec B gene was found to increase ovulation 
rate in Booroola Merino, i.e. by about 1.5 and two copies by 3.0 that in turn increases litter size by about1.0 and 
1.5, respectively (Davis, 2004). High prolificacy in Booroola Merino and Garole sheep is due to a mutation in 
the Fec B gene that codes for bone morphogenetic protein receptor (BMPR-1B) and expressed in oocytes and 
granulosa cells (Wilson, et al., 2001; Mulsant, et al., 2001; Davis, 2004). 
 Also, bone morphogenetic protein-15 (BMP-15) is considered to be an oocyte growth factor belonging to 
the transforming growth factor beta (TGF-B) superfamily. This gene is located on X chromosome and has 
recently been shown to be necessary for normal female fertility in mammals (Guo-Hua et al., 2008, Ma et al., 
2010). Heterozygous ewe carriers of Fec XI, Fec X H , FecXB, Fec XL and Fec XG alleles exhibit one to two 
additional ovulations compared with non-carriers, whereas homozygous mutant ewes are sterile and have small 
flatened streak ovaries containing only follicles that do not develop up to the primary (type 2) stage (McNatty et 
al., 2005, Bolet et al., 2007., Polley et al., 2009; Ma et al., 2010; Gordara et al., 2012). 
 Furthermore, some studies showed that there are relationship between casein genes and litter size of goats. 
Lan., et al (2005) and Chen et al. (2006) indicated that the polymorphisms of CSN3 and CSN1S2 genes have 
significant effects on goat litter size and could be regarded as effective molecular markers on litter size of goat 
breeds. Moreover, Bolet et al. (2007) observed a significant association between the polymorphism of K-casein 
gene and an increase of litter size in rabbit. Moreover, the association of genetic polymorphism with milk 
production and composition has stimulated interest in using genetic polymorphism of casein genes in molecular-
marker assisted selection (MAS) to improve milk productivity in farm animals (Kumar, et al., 2006 ). Casein is 
made up of many components, the main ones are as1-casein, as2-casein, β-casein and k-casein (Walstra, 1999). 
The four caseins coded by four tightly linked autosomal genes (CSN1S1, CSN1S2, CSN2 and CSN3, 
respectively) have been identified. The four-Ca- sensitive caseins of goats exhibit both quantitative and 
qualitative variations arising from genetic polymorphism in the encoded genes (Ramunno, et al, 2000, 2001). 
 The aim of this study is to detect of possible polymorphisms in BMPR-1B (Fec B mutation), BMP-15 (Fec 
XI mutation) and β-casein genes and their linkage with producing twins in Zaraiby and Damascus goats. Also, it 
is aimed to determine the qualitative variations of milk production arising from potential genetic polymorphisms 
in β-casein gene. The final goal is to find genetic markers that have significant effects on economically 
important reproductive and productive traits and thus can be used in development of marker-assisted selection 
(MAS) programs in goat breeding. 
 
Materials and Methods 
 
 A total of 50 females from two breeds of Egyptian domestic goats were examined in this study, including 
Zarabiy (n=25) and Damascus (n=25) goats. Through two sequently years (2010, 2011), the offsprings of these 
goats were recorded (Table 1), 20 and 18 of Zaraiby and Damascus mothers, respectively, had two or at least 
one record of twins. Whereas, five and seven of Zaraiby and Damascus mothers, respectively, had only single 
births. The average litter size per mother with twinning condition in both Zaraiby and Damascus breeds ranged 
from 1.5 to 2.0. These goats were maintained at Sakha farm, Khafr El-Sheikh, Egypt. 
 Approximately 10 ml blood were collected aseptically from jugular vein in EDTA. All samples were taken 
back to the laboratory under low temperature.  
 Caprine genomic DNA was isolated from whole blood samples by using a commercially available kit (Gene 
Jet TM Genomic DNA purification kit # K0721, # K0722). The final DNA pellets were resuspended in 50 µl of 
sterile distilled water and stored in -20 0C for use. Recovery and purity of each DNA sample were estimated by 
UV spectrophotometery. Separation and purification of DNA fragments were done by electrophoresis through 
an agarose gel. Electrophoresis was carried out at 7 to 8 volt/cm of the gel and the migration was monitored 
using an UV translluminator. T-ARMS-PCR was used to detect the polymorphism of BMPR-1B gene. Also, 
RFLP-PCR was used to detect the polymorphisms of BMPR-1B and BMP-15 genes 
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- PCR amplification and gel electrophoresis:  
 
 Total volume of 25 µl of each PCR reaction contained 12.5 µl of 2 X PCR Master Mix, 1 µl forward 
primer, 1 µl reverse primer, 1.5 template DNA and 9 µl of sterile deionized water. 
 The PCR products were separately by electrophoresis on a 3.8% agarose gel for Fec B and Fec XI genes in 
1 X TAE buffer at 120 V. The gel was stained with Ethidium bromide solution (0.5 Ug/ml) and maintained for 
50 min. (depending on the expected fragment size) in darkness and photographed using a molecular imager (Gel 
DOC XR, BIO-RAD). 
 
A simple tetra-primer amplification refractory mutation system PCR (T-ARMS-PCR) method:  
 
(Fec B) in BMPR-1B gene:  
 
 - Two sets of allele specific primers were designed to detect Fec B point mutation based on ovine BMPR-
1B gene according to Polley et al., (2009). 
 Primer for wild type: (BIONNER) 
F (5′-GCTGGTTCCGAGAGACAGAAATATATCA-3′),  
R 5′-CCCCGTCCCTTTGATATCTGCAGCAATG-3′)  
 primer for mutant type: 
F (5′-GTCGCTATGGGGAAGTTTGGATGGGAA-3′),  
R (5′-ATGTTTTCATGCCTCATCAACACCGTCC-3′).  
 About 1.5 µl of template DNA were added to 25µl of SuperHOT Master Mix (BIOMOL) in PCR tube. The 
amplification was carried out using 30 cycles for 40s with touchdown from 60 ◦C to 52◦C then at 52 ◦C to 
amplify 1100 bp for wild type. Also, the amplification was performed using 30 cycles for 45s with touchdown 
from 70 ◦C to 65◦C then at 65 ◦C to amplify 136 bp for mutant type. 
 
Forced Restriction Fragment Length Polymorphism-PCR for FecB: 
 
 Analysis of samples for Fec B mutation was also carried out using the forced RFLP method described by 
Galloway et al. (2000),Wilsonet al. (2001), Kumar et al. (2005) and Davis et al. (2006):  
 The 190 bp region of BMPR-1B was amplified usingthe Fec. F and Fec. R primerswere synthesized by 
BIOMOL based on the sequences described by Wilson et al. (2001). 
F (5'- GTCGCTATGGGGAAGTTTGGATG -3'),  
R (5' -CAAGATGTTTTCATGCCTCATCAACACGGTC-3' )  
 About 1.5 µl of template DNA were added to 25µl of SuperHOT Master Mix (BIOMOL) in PCR tube. The 
amplification was carried out using 35 cycles at 94 ◦C for 1 min, followed by 94 ◦C for 15 s, 60 ◦C for 30 s, 72 ◦C 
for 30 s and final extension at 72 ◦C for 5 min. The PCR products were tested in 3.8 % agarose gel. Then 10 µl 
PCR products was digested with AvaII enzyme (Promega Catalog#R6131) with recognition sequence 
(G/GACC) at 37 ◦C for 2 h and loaded in 3.8 % agarose gel with 5 µl DNA molecular size marker (20 base pair 
ladder ready-to-use) jena Bioscience GmbH. Theyields of DNA molecular size marker showed the following 10 
discrete bands (200, 180, 160, 140, 120, 100, 80, 60, 40, 20 bp). The PCR product of the Fec B gene produced a 
190 bp band. After digestion with AvaII, the Fec B gene homologous carriers should produce a 160 bp 
band(BB), the non-carrier should produce a 190 bp band (++), whereas heterozygotes should produce both 160 
and 190 bp bands.(B+). 
 
- Forced Restriction Fragment Length Polymorphism-PCR for FecXI  
 Analysis of samples for FecXIwas carried out using the forced RFLP method described by Galloway et al. 
(2000).  
 Genomic DNA was amplified using Primer FecXI F (5'- GAAGTAACCAGTGTTCCCT 
CCACCCTTTTCT-3') and Primer FecXI R (5'-CATGATTGGGAGAATTGAGACC-3') from BIOMOL and the 
expected size for PCR product is 154 bp. The Primer has been designed to generate a forced XbaI restriction 
enzyme site (T|CTAGA) in PCR products from carriers of the FecXI mutation in the BMP15 gene, whereas 
products from non-carriers of the mutation lack this site. 
 About 1.5 µl of template DNA were added to 25µl of SuperHOT Master Mix (BIOMOL) in PCR tube. The 
amplification was carried out using 35 cycles at 94 ◦C for 1 min, followed by 94 ◦C for 15 s, 55 ◦C for 30 s, 72 ◦C 
for 30 s and final extension at 72 ◦C for 5 min. The products were tested in 3.8 % agarose gel. Then 10 µl PCR 
products were digested with XbaI enzyme (Promega Catalog#R6181), at 37 ◦C for 2 h and loaded in 3.8 % 
agarose gel with 5 µl DNA molecular size marker (20 base pair ladder ready-to-use) jena Bioscience GmbH. 
The yields of DNA molecular size marker showed the following 10 discrete bands: 200, 180, 160, 140, 120, 
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100, 80, 60, 40, 20 bp. Products containing the FecX mutation yield 124 bp and 30 bp fragments, while non-
carrier products remain uncut at 154 bp. 
 
Allele-specific PCR (AS-PCR) method: 
 
 Analysis of sample for determination of alleles of beta casein gene was carried out using the allele-specific 
PCR method described by Kwok et al. (1990). This method was carried out using a common forward primer 
(LCS 44/I; 5′-GCCCAGATGAGAGAAGTGAGG-3′), and reverse primers with either T or G at the 3' end (5′-
GATGTTTTGTGGGAGGC-TGTTAT/G-3′) to amplify an 854 bp fragmentfor detection of two alleles (A1 and 
A2) of beta casein. About 100ng of template DNA were added to 25µl of SuperHOT Master Mix (BIOMOL) in 
PCR tube. The amplification conditions were carried out with initial incubation at 95 o C for 2 min, 72  for 1 
min. and 30 cycles at 95  for 1 min, and 58  for 1 min.  
 
Sequencing processes of DNA fragments: 
 
 PCR products of two different homozygous genotypes (A1A1 and A2A2) were sequenced. The PCR 
products were purified and sequenced in each genotype to validate our allele specific PCR resultsaccording to 
Polley et al. (2009). The nucleotide sequence data was edited and analyzed by BIONEER 
 
Table 1: Shows mean litter sizes per mother of Zaraiby and Damascus goats through sequently years, 2010 and 2011: 

No. of Mother 
Zaraiby 

Litter Size 
In years, 

Mean per 
mother 

No. of Mother 
Damascs 

Litter size Mean 
In years, per mother 

 2010 2011   2010 2011  
9236 2 2 2 2000 2 2 2 
9899 2 2 2 2211 2 2 2 
8693 2 2 2 2342 2 2 2 
9717 2 2 2 2267 2 2 2 
9878 2 2 2 2219 2 2 2 
8363 2 2 2 2173 2 1 1.5 
10022 2 2 2 2099 2 1 1.5 
9912 2 2 2 2279 2 1 1.5 
8860 2 1 1.5 2012 2 1 1.5 
8970 2 1 1.5 2159 1 2 1.5 
9932 2 1 1.5 2192 1 2 1.5 
8307 2 1 1.5 2111 1 2 1.5 
10019 2 1 1.5 2337 1 2 1.5 
9828 2 1 1.5 2115 1 2 1.5 
10033 1 2 1.5 2243 1 2 1.5 
10083 1 2 1.5 2269 1 2 1.5 
8346 1 2 1.5 2263 1 2 1.5 
9886 1 2 1.5 2331 1 1 1 
10023 1 2 1.5 2207 1 1 1 
1965 1 2 1.5 2167 1 1 1 
10028 1 1 1 2288 1 1 1 
8692 1 1 1 2343 1 1 1 
9913 1 1 1 2258 1 1 1 
9517 1 1 1 2270 1 1 1 
10020 1 1 1 2178 1 1 1 

 
Results:  
 
 In the present study, T-ARMS-PCR was used to detect the Fec B mutation in BMPR-1B. Also, PCR-RFLP 
with AvaII and XbaI digestion were used to investigate the Fec B and Fec XI mutations in BMPR-1B and BMP-
15 genes, respectively. These mutations were tested in 50 individuals of two flocks, Zaraiby and Damascus 
goats. The electrophoretograms of T-ARMS-PCR and forced PCR-RFLP are showed in Figs. 1- 6 and Tables 2. 
The results showed that all 50 individuals were wild homozygoute for BMPR-1B and BMP-15. None of the 
samples carried the Fec B mutation in BMPR-1B gene, similarly no Fec XI mutation in BMP-15 gene.  
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 Electrophoresis patterns of T-ARMS-PCR amplified products of BMPR-1B in Zaraiby goats showing wild 
genotypes. M: refers to marker from 10000 up to 200 down. Lanes: W1M1-W7M7, represent the amplified 
products of samples of goats producing twins. 
 

 
 Electrophoresis patterns of T-ARMS-PCR amplified products of BMPR-1B in Damascus goats showing 
wild genotypes. M: refers to marker from 10000 up to 200 down. Lanes: W1M1-W7M7, represent the amplified 
products of samples of goats producing twins. 
 

 
 Electrophoresis patterns of RFLP-PCR amplified products of BMPR-1B digested with AvaII in Zaraiby 
goats showing wild genotypes. M: refers to marker from 200 up to 20 down. Lanes: 1-18, represent the 
amplified products of samples of goats producing twins 
 

 
 Electrophoresis patterns of RFLP-PCR amplified products of BMPR-1B digested with AvaII in Damascus 
goats showing wild genotypes. M: refers to marker from 200 up to 20 down. Lanes: 1-18, represent the 
amplified products of samples of goats producing twins. 
 

 
 
 Electrophoresis patterns of RFLP-PCR amplified products of BMP-15 digested with XbaI in Zaraiby goats 
showing wild genotypes. M: refers to marker from 200 up to 20 down. Lanes: 1-17, represent the amplified 
products of samples of goats producing twins. Lan: 18, represent the amplified products of samples of goats 
producing singles. 
 

 
 
 Electrophoresis patterns of RFLP-PCR amplified products of BMP-15 digested with XbaI in Damascus 
goats showing wild genotypes. M: refers to marker from 200 up to 20 down. Lanes: 1-17, represent the 
amplified products of samples of goats producing twins. Lan: 18, represent the amplified products of samples of 
goats producing twins. 
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Table 2: Frequency distribution of Fec B mutant in two breeds of Egyptian domestic goats: 
Breed Litter size No.of offsprings Genotype frequency 

 
 

Zaraiby 

2010 2011  homo hetero wild 
T T 8 - - ++ 
T S 6 - - ++ 
S T 6 - - ++ 
S S 5 - - ++ 

Total 25 - - ++ 
Damascus T T 5 - - ++ 

T S 4 - - ++ 
S T 8 - - ++ 
S S 8 - - ++ 

Total 25 - - ++ 
T=twins. S=singles. 
 
Table 3: Frequency distribution of Fc XI locus in two breeds of Egyptian domestic goats: 

Breed Litter size 
In years 

No. of offsprings Genotype frequency 
 

 
 
 

Zaraiby 

2010 2011  Homo Hetero Wild 
T T 8 - - ++ 
T S 6 - - ++ 
S T 6 - - ++ 
S S 5 - - ++ 

Total 25 - - ++ 
Damascus T T 5 - - ++ 

T S 4 - - ++ 
S T 8 - - ++ 
S S 8 - - ++ 

Total 25 - - ++ 
T=twins. S=singles. 

 
 To detect A1 and A2 alleles of beta casein gene, we used allele-specific PCR technique. The results in this 
study (Fig. 7-14 and Table 4) after sequencing processes showed that the frequencies of homozygous genotypes 
A1A1 and A2A2 were 10% and 5%, respectively, in Zaraiby mothers producing twins, while, the frequency of 
heterozygous genotype A1A2 was 85%. However, the frequencies of homozygous genotypes A1A1 and A2A2 
were 20% and 0.0, respectively in Zaraiby mothers producing singles, while, the frequency of heterozygous 
genotype A1A2 was 80%. In Damascus goats, the results showed that the frequencies of homozygous genotypes 
A1A1 and A2A2 were 17.7% and 5.9%, respectively, in mothers producing twins, while the frequency of 
heterozygous genotype A1A2 was 76.4%. However, the frequencies of homozygous genotypes A1A1 and A2A2 
were 20% and 0.0, respectively, in Damascus mothers producing single births, while the frequency of 
heterozygous genotype A1A2 was 75%. Moreover, in Zaraiby goats the allelic frequencies for A1 and A2 were 
0.53 and 0.47, respectively, in mothers producing twins, while, these frequencies were 0.60 and 0.40, 
respectively, in mothers producing single. Whereas the allelic frequencies for A1 and A2 in Damascus goats 
were 0.56 and 0.44, respectively, in mothers producing twins and they were 0.63 and 0.37, respectively in 
mothers producing singles.  
 The present results showed that AS-PCR successfully distinguished beta casein variants in Zaraiby and 
Damascus goats as confirmed by sequence analysis (Fig. 15 and Table 4).  
 The incidence of homozygous genotype A1A1 was higher in Zaraiby and Damascus mothers producing 
singles than that mother producing twins (Table 4). 
 Also, in both Zaraiby and Damascus breeds the incidence of homozygous genotype A2A2 was present in 
mothers producing twins, however, this homozygous genotype was absent in mothers producing singles (Table, 
4).  
 
Table 4: Genotype and allelic frequencies of goats producing twin and single births for A1 and A2 loci in β-casein gene.  

Breed Type of mother Genotype frequency Allele frequency 
A1A1 A1A2 A2A2 A1 A2 

Zaraiby MPT 10% 85% 5% 0.53 0.47 
MPS 20% 80% 0.0% 0.60 0.40 

Damascus MPT 17.7% 76.4% 5.9% 0.56 0.44 
MPS 25% 75% 0.0% 0.63 0.37 

MPT=mother producing twins. MPS=mother producing singles. 

 
 
 
 
 



3205 
J. Appl. Sci. Res., 9(4): 3199-3211, 2013 

 

 
 

 
Fig. 7, 8 and 9: Electrophoresis patterns of AS-PCR amplified products of β-casein gene in Zaraiby goats 

showing genotypes. M: refers to marker from 1000 up to 50 down. Lanes: 1-6, 8-10, 12, 14, 
represent heterozygous genotype of A1A2 of samples of goats producing twins. Lanes: 16-18 
represent heterozygous genotype of A1A2 of samples of goats producing singles. Lane: 7 
represent homozygous genotype A1A1 of samples of goats producing singles. Lanes: 11 and 
15 represent homozygous genotype A1A1 of samples of goats producing twin and Lane: 13 
represent homozygous genotype A2A2 of samples of goats producing twins.  

 
Fig. 10: Electrophoresis patterns of AS-PCR amplified products of β-casein gene in Zaraiby goats showing 

genotypes. M: refers to marker from 1000 up to 50 down. Lane: 19, represent heterozygous genotype 
of A1A2 of samples of goats producing singles. Lanes: 20-25, represent heterozygous genotype of 
A1A2 of samples of goats producing twins. 

 

 
Fig. 11,12 and 13: Electrophoresis patterns of AS-PCR amplified products of β-casein gene in Damascus goats 

showing genotypes. M: refers to marker from 1000 up to 50 down. Lanes: 1,7, represent 
homozygous genotype of A1A1 of samples of goats producing singles. Lanes: 2-6,8 
represent heterozygous genotype of A1A2 of samples of goats producing singles. Lanes: 9-
11, represent homozygous genotype A1A1 of samples of goats producing twins. Lanes: 12-
17, represent heterozygous genotype of A1A2 of samples of goats producing twins. Lane: 
18, represent homozygous genotype A2A2 of samples of goats producing twins. 
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Fig. 14: Electrophoresis patterns of AS-PCR amplified products of β-casein gene in Damascus goats showing 

genotypes. M: refers to marker from 1000 up to 50 down. Lanes: 19-25, represent heterozygous 
genotype of A1A2 of samples of goats producing twins. 

 
Sequence results:  
 
 In Zaraiby and Damascus breeds, β-casein gene exon was sequenced subsequent AS-PCR amplification for 
detection A1 and A2 alleles. The length of exon assigned as 854 bp. Sequence results showed that the mutation 
in A1 allele is in the second base (CCT) codon that codes proline (A2), where C was replaced with A and the 
codon changes to (CAT), which codes histidine (A1) in position 67 in the amino-acid sequence. 
 

 
Fig. 15: Nucleotide sequence chromatogram representing genotypes of A1A1 or A2A2, respectively. The 

changed nucleotides are represented by vertical arrows. 
 
Discussion: 
 
 We utilized Fec B and Fec XI as candidates, but did not find any polymorphism of genes in two breeds of 
50 goat individuals by using T-ARMS-PCR and RFLP-PCR methods. The ovine coding region of BMP-15 and 
BMPR-1B genes are 99% and 98% homologous with goats at the nucleotide level, respectively. The mutations 
do not change any restriction site. So, the forced PCR-RFLP methods used in this study were completely 
performed and described on sheep by Davis et al. (2002),Galloway et al. (2002) and Hanrahan et al. (2004). 
This detection of Fec B and Fec XI as well as Fec XH, Fec XB and Fec XG have been widely used in DNA test 
(Liu et al 2003; Davis et al., 2006; He et al., 2006; Guan et al., 2007). 
 In this study T-ARMS-PCR was also used to detect the mutation of some fecundity genes. This technique 
amplifies both wild type and mutant alleles, together with a control fragment in a single tube PCR reaction. 
Primers were designed to amplify fragments of differing sizes for each allele band in order to resolve them in 
agarose gel electrophoresis (Ye et al., 2001; Polley et al., 2009). It is a simple, rapid and economical method for 
SNP scoring and very useful tool for large-scale SNP analysis (Ye et al., 2001; Polley et al., 2009). T-ARMS-
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PCR method successfully detected the mutation in BMPR-1B (Fec B) of Indian prolific Black Bengal goat by 
using two sets of allele specific primers which were designed to detect Fec B point mutation based on Ovine 
BMPR-1B gene. Also, in the present study we used the same specific primers (described in methods and results) 
to detect the Fec B mutation in BMPR-1B gene of two Egyptian breeds of domestic goats, however the mutation 
(Fec B) did not detected. Concerning RFLP technique, it is a rapid, simple and exact technique for single 
nucleotide polymorphism (SNP) genotyping. After a forced restriction site was introduced into one of the 
primers, the PCR product contained a certain restriction enzyme site. This forced PCR-RFLP approach has been 
used previously to genotype prolific sheep (Souza et al., 2001; Davis et al., 2002) and Swine (Kim et al., 2006) 
to decide whether they had the same mutation as Fec B in Booroola Merino sheep.  
 Concerning the Fec B mutation: Other studies showed that Fec B mutation was not the reason responsible 
for the high prolificacy in goats or in sheep. In goats, Hua et al (2007) tested the Fec B mutation in 550 samples 
of six flocks of goats. All of the individuals were wild homozygoute for BMPR-1B. none of the sample carried 
the Fec B mutation in the BMPR-1B gene. Moreover, Mohammadi and Alimahmoudi (2011) studied the Fec B 
mutation in prolificacy Iranian (Najdi and Native) goats. The results showed that all goats were wild type (++) 
and the authors concluded that the prolificacy in such goats was not due to the Fec B mutation: In sheep, Kumar 
et al. (2006) showed that region of Fec B gene though duly amplified in Marwari and Bharat Merino breeds, did 
not carry the mutation at 746G nucleotide position responsible for fecundity as reported previously in Garole, 
Javanese and Booroola Merino sheep (Davis et al., 2002) and Little Tailed Han sheep (Liu et al., 2003). Also 
Nimbkar et al. (2003) reported that non-prolific Deccani and Bannur shp breeds did not carry the Fec B 
mutation. 
 Fec B mutation was also not found in prolificacy shal sheep (Ghaffari et al., 2009) and the results indicated 
that the genetic factor responsible for twining or multiple lambing rates in these animals is not related to 
reported mutated alleles at Booroola gene. 
 In contrast, the most famous high prolific sheep in China, Hu sheep are all BB genotype in Fec B was 
detected (Wang et al., 2005; Davis et al., 2006; Guan et al., 2006; 2007) 
 Concerning the Fec XI locus: Naturally occurring heterozygous mutations in BMP-15 in sheep increase the 
ovulation rate and prolificacy, wherease homozygous mutations yield infertile animals (Galloway et al., 2000; 
Hanrahan et al., 2004). So far, no mutation in BMP-15 gene affecting prolificacy has been reported in goats. 
The findings of the present study are in line with those of Hua et al. (2007) in Chinese goats who reported that 
none of the polymorphism of ovine fecundity major genes Fec B and Fec XI was tested in 550 goats from six 
breeds (or flocks). Also, none of the polymorphisms were found in the coding region of BMP-15 mature peptide 
of Markhoz goats of Iran by using of PCR-SSCP with three primer pairs, PCR sequencing and PCR-RFLP with 
Ddel digestion (Arefnezhad, 2007). The absent of mutation in BMP-15 of six breeds of prolificacy Chinese 
goats was previously reported by He et al. (2006). Moreover, Deldar-Tajangookeh et al. (2009) found no 
evidence of mutation in BMP-15 (Fec XB and Fec XG) of 109 prolificacy Iranian native goats. Also, Ma et al. 
(2010) and Gadara et al. (2012) reported that polymorphism in BMP-15 gene was absent of Chinese and 
Marwari goats. These authors concluded that the BMP-15 gene cannot be regarded as the major gene associated 
with fecundity of such goats.  
 In sheep, Fec XI mutation was not found in Chinese Merino (54), Xinjiang fine wool (35), Romolly Hills 
(40) (Dai, 2006). Also, Davis et al. (2006) tested the twenty-one of the world’s prolific breeds and strains of 
sheep for the presence of Fec XI mutation of BMP-15. The results showed that there was no evidence of Fec XI 
in any of breeds sampled. However, Galloway et al. (2000) found that the high prolificacy in Inverdale Romney 
sheep was due to a mutation (Fec XI) in BMP-15 gene. Also, Mullen et al. (2003) confirmed that the Fec XG 
mutation of BMP-15 is present in Lleyn sheep, and associated with large ovulation rate. 
 On the other hand, the present results showed that AS-PCR successfully distinguished beta casein variants 
in Zaraiby and Damascus goats as confirmed by sequence analysis (Fig. 15 and Table 4). The using of AS-PCR 
technique in the present study was the suitable method to analyze the genetic variants or study the different 
alleles (A1 and A2) of β-casein gene. This is because, neither the base change encoding these variants nor the 
wild type leads to any recognition site for a restriction enzyme, ruling out the use of restriction fragment length 
polymorphisms (RFLP) to distinguish between the variants (Keating et al., 2008). Therefore, the use of allele-
specific primers, with a single base change (T/G) at the 3¯ end complementary to the base change of the specific 
β-casein variant (A1 primer-T, A2 primer-G) was evaluated. A single band of 854 bp should only result from 
one or other of the allele-specific (AS) reactions if the template is homozygous or a band should appear with 
both allele-specific reactions in the case of a heterozygous template. From the present results, it was observed 
that the highest incidence of the β-casein A1 allele occurred in goat mothers with single cases. So, this study 
suggests that the lower of litter size of A1A1 females may be due to a higher mortality of the A1A1 embryos. 
The dangerous of β-casein A1 allele can be explained as follows: The beta casein A1 differ from A2 variant at 
position 67 where a histidine replaces a proline. Importantly, it is the change to histidine at position 67 that has 
the potential to result in cleavage occurring upon digestion and a bioactive peptide, beta-casomorphin 
potentially being liberated (Stewart et al., 1987; Lien et al., 1992; Damiami et al., 1992; Keating et al., 2008). 
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Consumption of the A1 variant of bovine beta casein has been implicated in the development of diabetes and 
coronary heart disease (CHD) (Elliott et al.,1999; Keating et al., 2008). Also, beta casein protein from animals 
with the position 67 base change (A1 allele) induced dibetes in NOD mice (Elliott et al., 1988). Also, results for 
France vs. Northern Ireland were particularly striking where mortality disease in middle-aged men was shown to 
be between three and four times higher in Belfast than in Toulouse, as was their consumption of beta casein A1 
variant. Cardiovascular disease is one of the biggest Killers in Ireland: it accounts for 42% of all deaths and this 
percentage is the highest of any European country. Ireland has also been reported to have a high incidence of 
type 1 diabetes within Europe (Roche et al., 2002). 
 From above discussion, it was shown that the presence of β-casein A1 allele might be a main factor for 
mortality of embryos in vivo. This can be explained by lowering the litter size of A1A1 female goats in the 
present study. Based on these results, it was indicated that the polymorphism of β-casein gene had positive 
effects on litter size of Egyptian dairy goats and can be regarded as effective molecular markers on MAS 
program for goat reproduction. Also, the association of polymorphisms of CSN3 and CSN1S2 genes with litter 
size was investigated by Xian-Yang et al. (2005) in 69 of Xianong Saanen dairy goats. The results revealed that 
there was a statistical significant relationship between CSN3-Taq1 locus and litter size (p≤0.05). After digestion 
of PCR amplified goat CSN3 products with Taq 1, three genotypes CC, TC and TT were determined. The first 
birth litter size of individuals with genotype TC were more than those of individuals with genotype CC 
(P≤0.01), while the second birth litter size of individuals with genotype CC were more than those of individuals 
with genotype TC (p≤0.05). Moreover, there was significant relationship between CSN1S2-A1w261 locus and 
litter size. After digestion of PCR amplified goat CSN1S2 products with A1w 261, two genotypes NN and NF 
were revealed. The first birth litter sizes of individuals with genotype NF more than those of genotype NN 
(p≤0.05), while the fourth birth litter sizes of individuals with genotype NF was less than those of genotype NN 
(P≤0.01). Based on these results, the authors indicated that CSN1S2 and CSN3 genes had significant positive 
effects on litter size of dairy goats and can be regarded as effective molecular markers on MAS program for goat 
reproduction. Also, Bolet et al. (2007) studied the effect of polymorphisms of k-casein genotype on litter size in 
rabbit. In this respect, 276 rabbit dose belonging to an intercross generation of two synthetic INRA lines were 
investigated. INRA 1077 line originating from New Zaland White rabbits and the INRA 2066, originating from 
Californian and Himalayan rabbits. INRA 1077 does were inseminated with semen from INRA 2066 males. All 
INRA 2066 males were AA, whereas INRA 1077 females were AA, AB and BB with a frequency of allele A of 
around 50%. Only daughters from the AB dams were selectd in order to compare the reproduction of AA and 
AB does originating from the same sires and dams. Data from 743 litters were recorded on 276 females. One-
hundred and -eleven females out from 276 females their genotypes were AA and remaining 165 females their 
genotypes were AB, which was significantly different from the expected genotypic ratio 1:1 (x2 = 10.6). The 
authors suggested that this imbalance (or the lower of litter size of AA females than that of the AB females) may 
be due to a higher mortality of the AA embryos. 
 Concerning the relationship between the polymorphisms of beta casein gene and milk quality: genetic 
variants of goat milk caseins have a significant impact on milk quality. The one prominent is caprine beta casein 
(Grosclaude and Martin, 1994). As known the CSN2 locus is mainly characterized by two alleles associated 
with two quantitative levels of corresponding protein: healthy (A2) and dangerous (A1) (Veress et al., 2004; 
Keating et al., 2008 and Olenski et al., 2012). In the present study, it was observed that the frequencies of 
homozygous A2A2 genotypes were increased in goats producing twins, while, they were absent in goats 
producing singles. Moreover, the frequencies of homozygous A1A1 genotypes were increased in goats 
producing singles as compared to those found in goats producing twins.  
 In conclusion, none of polymorphism of Fec B and Fec XI loci were found in the two fecundity Egyptian 
goat flocks. However, the present results indicated that the polymorphism of beta casein can be regarded as 
effective molecular markers on MAS program for goat reproduction. Also, the CSN2 locus is mainly 
characterized by two alleles associated with two quantitative levels of corresponding protein: healthy (A2) and 
dangerous (A1). So, the improving the Egyptian goat breeds towards economic issues must be directed towards 
increasing the frequency of homozygous A2A2 genotype and removing the homozygous A1A1 genotype from 
the national herds, this might prove beneficial for both the health and dairy industries.  
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