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ABSTRACT 

The genes encoding milk proteins possess polymorphic forms which greatly 

influence the composition of raw milk and dairy products manufactured. The major 

milk proteins directly influencing the milk properties are whey proteins and 

caseins. The β-LG protein from whey fraction and κ-Casein from the casein 

complex are the most commonly studied milk proteins in different dairy animals 

worldwide. Several genetics variants of both proteins have been found associated 

with milk yield, total milk protein and fat contents as well as manufacturing 

properties of milk. Polymorphisms in β-LG and κ-casein gene CSN3 have been 

extensively studied in cattle; however, not much work has been reported in goats 

Present study was designed to identify polymorphisms in β-LG and CSN3 in Beetal 

and DDP goats of Pakistan and associations of identified variants with milk 

components were also explored. For genetic analysis, DNA was extracted from 

blood and quantified spectrophotometrically. The polymorphisms in β-LG were 

explored using PCR-RFLPs while CSN3 exon IV was sequenced and genotypes 

determined based on Prinzenberg et al., 2005 nomenclature. Total milk proteins 

and whey protein contents were estimated spectrophotometrically and casein 

protein contents determined. The total milk fat contents were estimated by Gerber’s 

method. The β-LG protein isoforms were also identified in both goat breeds 

through SDS-PAGE. Our results showed that β-LG AA genotype is most prevalent 

in both goats. The β-LG AA genotyped animals had higher total protein contents in 

milk while high fat contents were found in the milk of animals with BB genotype. 

Three β-LG protein isoforms with genotypes; AA, AB and BB were identified. The 

frequency of A allele protein variant was significantly higher in both goat breeds 



 

xvii 

 

while heterozygous AB genotype was the most prevalent one. However β-LG 

protein isoforms lacked any association with milk yield and composition. At CNS3 

locus, Beetal carries A genotype whereas, DDP carried D genotype. The 

haplotypes revealed five polymorphisms, one silent c.245T>C whereas others were 

missense mutations; c.247A>G, c.309G>A, c.471G>A and c.591T>C. The CNS3 

genotype A in corresponds to protein variant A and D to B. The variant protein B, 

prevalent in DDP goats, is found to be more economically beneficent in terms of 

cheese production. Daily milk yield and total milk fat contents were significantly 

elevated in Beetal goat. In conclusion, polymorphism exists in the β-LG and CNS3 

genes as well as in β-LG protein in Beetal and DDP goats of Pakistan. At β-LG 

locus, A allele is dominant in both goats whereas at CNS3 locus A allele is 

dominant in Beetal and D in DDP. The genetic findings could be employed in 

future to explore suitable candidates for quality dairy products manufacture.
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Chapter 1 

INTRODUCTION 

 

Milk and other dairy products are an essential part of human diet because 

milk contains protein, fat, carbohydrate and a variety of minerals and vitamins. 

Milk is generally evaluated for its constituent contents like commercial. These 

features are under genetic control. The overall composition of raw milk has been 

reported to vary not only in various animal populations but also within a particular 

animal breed. Among many factors, the genetic variants or polymorphic forms of 

milk proteins are shown to largely influence overall quality of milk (Lundenet al., 

1997).  

 

Milk proteins on the bases of their solubility are classified into three 

classes. These three groups or classes are known as Whey,caseine and milk fat 

globule membrane (MFGM). These three parts can be separated by using the 

centrifugation and ultracentrifugation techniques. (Cunsoloet al., 2011). Milk 

proteins have become an extensive area of research since the discovery of some 

important milk protein genetic variants. The use of molecular markers is more 

reliable and accurate criteria for animal selection for the different required specific 

traits like meat and dairy products. (Gouda et al., 2013). 

 

 The molecular characterization is currently being carried out by using goat 

specific and heterologous sequences isolated from the sheeps and cattles. DNA 

based markers are the ideal tools for the characterization of quantitative genetic
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traits (QTLs). For milk the major protein genes and the whey protein genes can be 

considered as the candidate genes (Ahmed and Othman 2009). 

 

Because of world-wide significance of bovine milk and dairy products, 

exploration of the protein isoforms and their influence on goat milk remained 

neglected research area for a long time. However, with the recent changing trends 

in the world food market, goat milk, cheese and other dairy items have gained vast 

acceptance because of their unique dietetic and technological properties. Thus 

future scientific research in advanced countries is focused on candidate goat milk 

protein genes/ novel protein isoforms and their associated technological properties 

(Barillet et al., 2005). 

 

 Polymorphism at gene level in the milk proteinis caused by  mutation in 

nucleotide sequence resulting in different amino acid sequence. Naturally milk 

protein loci are highly polymorphic.  The genetic variant of milk protein is a 

heritable trait and they differ from breed to breed in their occurrence and 

frequency. Thus the research on genetic polymorphism of milk protein in goat has 

several objectives such assearchfor new variants(Garget al., 2009). 

  

 Large numbers of milk protein variants are present in different populations 

of animal in both milk fractions; caseins and whey protein content (Grosclaudeet 

al., 1987). One of the important polymorphic proteins, largely associated with milk 

quality is the abundant whey protein β-lactoglobulin (β-LG) (Lundenet al., 1997). 

 

In ruminant milk β-Lactoglobulins are the major contributor of whey 
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protein, containing 162 amino acids. Some studies have shown that in goat’sβ– LG 

protein is polymorphic in nature (Othman et al., 2012). The association of β-LG 

polymorphism withmilk production traits, milk quality and yield of dairy products 

has been extensively established in cows both at protein and DNA level. A large 

number of different bovine milk protein genetic variants have been reported in a 

variety of bovine breeds. (Recioet al., 1996, Moiliet al., 1998; Ng-Kwai-Hang, 

1998) with scant work in goat. However little work has been reported on goats and 

only two β-LG genetic variants, A and B, so far have been reported (Pena et al., 

2000). 

 

In bovine the most abundant class of milk proteins is Casein, which belongs 

to the family of acidic, Proline rich phosphoproteins and organized as caseins 

micelles in macromolecular aggregates of proteins and minerals. (Cunsoloet al., 

2011). 

 

Several studies have shown that lactation performance are associated with 

the  milk protein variants, particularly caseins and its effect on composition and 

processing properties of milk (Konovalovaet al., 2004). The analysis on the 

variation of caseins is quite complex in the goats because of large number of 

mutations Kappa casein (k-cn) differ from the other caseine molecules in its 

properties like solubility in different calcium ion concentrations and also contains a 

hydrophilic C-terminal Region (Ahmed and Othman 2009).  

 

Livestock is an important sector of agriculture and dairy industry in 

Pakistan. Among other domesticated dairy animals, goats represent a unique herd. 
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During last 20 years the importance of goats is also reflected by the increasing 

number of goat breeding programs and milk production as compared to others farm 

animals. Goat milk production much greater than those presented by some official 

statistics (FAO, 2001). Goats are the main contributors of dairy and meat products 

than any other mammalian farm animals. The demand for the milk is increasing 

due to the rapid growth of human population. There are three main aspects for the 

increasing demand of the goat milk, 1) home consumption, 2) interest in goat dairy 

products, 3) intolerance of cow milk in people and other gastro-intestinal ailments 

(Haenlein 2004). Because of interest and medical point of view goat milk is 

preferred by majority of people (Haenlein 2004). Twenty distinct goat breeds 

(Capra hircus) in India, shows a wide range of genetic variability (Ahlawat and 

Gupta, 2004).  

 

Goats in Pakistan are mainly reared as a meat source due to its local 

acceptance and as an excellent export quality meat. A few indigenous goat breeds 

are also reared both as a dairy animal but largely used by the farmers. Similarly, no 

scientific data regarding identification of β-LG isoforms, κ-casein and their 

association with milk production and composition in indigenous goat breeds been 

reported yet from this region.It is noteworthy that dairy goat sector is being 

regarded as a huge rewarding business that can be closely linked to the socio-

economic development of a country. Keeping in mind the rich genetic potential of 

local goat breeds, Pakistan can also join in the emerging business of dairy goat 

industry. Therefore, investigating the genetic polymorphism of milk proteins in 

indigenous goat breeds and their association with milk production traits and its 

http://www.sciencedirect.com/science/article/pii/S0921448803002724#BIB20
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composition could make a valuable contribution both scientifically and to a future 

goat dairy industry. 

 

Thus dairy potential of indigenous goat breeds seem to be a neglected 

research field perhaps due to lack of awareness or public acceptance of goat milk 

as a dairy choice. Keeping in view with the international trends regarding 

importance of goat milk, dairy products and their association with milk protein 

polymorphism, the aims of the present study are; 

1. Identification of β-lactoglobulin genetic polymorphism in selected goat 

breeds of Pakistan  

2. Identification of κ-casein genetic polymorphism in selected goat breeds 

3. Association of identified κ-casein and β-lactoglobulin genetic variants with 

milk yield and milk composition 
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Chapter 2 

REVIEW OF LITERATURE 

 

Milk, being rich in nutrients like protein, minerals and vitamins, is 

considered one of the main components of human diet all over the world. The true 

value of milk depends on its composition and its end use. Dairy industry worldwide 

not only produces large quantities of different dairy products and strives to improve 

their quality, strongly linked with milk quality. The main factor ultimately affecting 

milk composition is the genetics of dairy cattle. Many genetic variants related to 

milk quantity and quality are known to exist in dairy cattle, like polymorphic milk 

protein β-lactoglobulin and κ-Casein. 

 

2.1 MILK AND ITS CONSTITUENTS 

Milk is an opaque white liquid produced by the mammary glands of female 

mammals. Milk is divided intotwo phases, one is soluble fractions (carbohydrate, 

salts, whey proteins) and other is particulate fractions like casein micelles and fat 

globules (Lalandeetal., 1989). Though components of raw milk vary depending 

upon the animal type, however synthesis and secretion of milk is similar and 

involves formation of lipids, membranes, proteins, and lactose. In total milk 

constitutes 85.3%-88.7 % (w/w) water, 2.5%-5.5 % (w/w) % fat, protein 2.3%-

4.4% (w/w), lactose 3.8%-5.3 % (w/w), and mineral substances 0.57%-0.83 % 

(w/w) (Walstraet al., 1984).  

2.2 MILK PROTEINS 

Ruminant milk have six major proteins classified into two groups: whey
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 proteins (β -lactoglobulin and α-lactalbumin) and caseins (αs1, αs2, β, and k).These 

four caseins are major component making 76-86% of total milk proteins content  

(Swaisgood, 1992). For stabilization and micelle formation k-Cn is fundamental 

requirement and influences properties of milk. Enzymatic cleavage of k-Cn Phe105-

Met106 peptide bond determines cheese formation(Rachel et al., 2003) whichleads 

to micelle coagulation. In sheeps k-Cnis reported monomorphic, and in cattle its 

polymorphic and its six variants have been  characterized, among theses six, 

variants A and B are common (Kaminski, 1996).  B variant is associated with a 

higher cheese yield, ratio of casein/whey protein and total casein content.(Ng-

Kwai-Hang, 1998). 

 

2.3 GENETIC POLYMORPHISM 

 Genetic polymorphism defines the fact that a mutation changes amino acid 

sequence of a protein, therefore a protein presents two or more forms genetically 

determined by autosomal and co-dominant alleles.  Due to the absence of 

dominance it gets relatively easy to type/ count gene frequencies for a population 

using electrophoretic techniques. For example homozygous individuals in a 

population will present one variant for both proteins, as heterozygous ones will 

show both variants in the electropherogram. Genetic polymorphism of milk 

proteins have received considerable research interests in animal breeding because 

of their relationships with productive traits, milk composition and quality 

(Feliginiet al., 2005). Genetic polymorphism of milk protein is caused by mutation 

of particular gene involved.  Thereby resulting in different amino acid sequence. 

The milk protein loci are highly polymorphic in nature. The genetic variant of milk



8 

 

 

 

 protein is a heritable trait and they differ from breed to breed in their occurrence 

and frequency. These milk genes might be valuable as genetic markers for the 

additional selection criteria in animal breeding program. Thus the research on 

genetic polymorphism of milk protein in goat has several aims such as to discover 

further new variants, characterize them and to understand the role that each variant 

can have on milk nutritional and technological properties (Garget al., 2009). 

 

The molecular analysis of goat genome has been carried out using specific 

goat sequences as well as heterologous ones isolated from cattle and sheep 

(Vaiman et al., 1996). DNA markers are ideal tools for QTLs studies due to its 

specific characteristics(Ajmone-Marsan et al., 2001). DNA markers used 

inbreeding, focus on economically important QTLs and genes. Genesencodingβ- 

LG and k- Casein protein and whey protein are candidate genes of milk trait. 

Associations between genetic variants andmilk yield stimulated study of genetic 

markers of milk protein to improve milk productivity in farm animals (Ng-Kwai-

Hang, 1998). 

 

Genetic polymorphism in milk proteins may lead to either substitution of 

amino acids, or deletion of a certain amino acid because of changes in the sequence 

of base pairs of the DNA molecule, which constitute the protein gene (Ng-Kwai-

Hang et al., 1998). Polymorphism in genes encoding milk protein is now well 

established. Presence of more than one alleles at the milk protein locus thus exert 

different approaches to control gene expression, leading to quantitative/qualtative 

variability in the protein composition of livestock ruminant milk (Martinet 
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al.,2002). 

 

 Therefore genomic organization of 6 main milk protein genes of ruminant: 

α-lactalbumin, β-LG and four caseins (αs1, αs2, β and k), their chromosomal 

location and their expression pattern are being studied at biochemical and 

molecular level not only in different dairy animal populations reared in different 

regions of the world but also within the various breeds of a particular animal 

population. 

 

2.4 β-LACTOGLOBULIN PROTEIN 

β-LG is the most prevalent protein in milk whey, comprising 10% of the total milk 

protein (Walstraand Jeness, 1984). It is found in the milk of ruminants and other 

mammals, but absent in rodents, lagomorphs, humans and probably camels (Perez 

and Calvo, 1995). In ruminants, native form of β-LG protein is a dimer (MW 36.4 

KDa), made-up of 162 amino acids, whereas, in other species it is reported to be 

predominantly in a monomeric form (Mirellaet al., 2003).  Comparison of the 

amino acid sequence of bovine, ovine, and caprine β-LG shows greater than 95% 

sequence homology. Based on protein structure, β-LG has been included in 

lipocalin protein family. Lipocalins comprise small secretory transport proteins 

with a variety of functions assigned to them, mainlybinding and transport of small 

hydrophobic molecules like fatty acids and retinol. However, the true physiological 

function of β-LG is still to be resolved (Figure 2.1).  (Sawyer et al., 1998). 



10 

 

 

 

 

 

 

Figure 2.1: β-lactoglobulin protein structure.PDB #4TLJ. (Sawyer 

andKontopidis, 2000) 

β-Sheet  

α-Helix  

Random Coil 
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Figure 2.2: β-LG (Beta-Lactoglobulin)  gene [Capra hircus (Goat)] 

• Gene ID:  100861187, updated on 11-Jan-2014  

• Gene symbol:  Beta-LG 

• Location:  Chromosome 11 

• Sequence:  NC_022303.1 (101687688..101692348) 

• No. of Exons:  7 

 (http://www.ncbi.nlm.nih.gov/gene) 
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2.5 β-LACTOGLOBULIN GENE (β-LG) 

Polymorphism in milk proteins has been investigated for more than 40 

years since its discovery by Aschaffenburg in 1955 regarding genetically distinct 

forms of β-LG from cow milk. Since then a great number of genetic variants have 

been identified in different animal populations. To date eight genetic variants of 

bovine proteins have been reported at the DNA level, however, alleles A and B are 

most frequent (Ng-Kwai-Hang, 1998). Further it has also been demonstrated that a 

particular genetic variant of β-LG does affect composition and physico-chemical 

properties of milk (Amigo et al., 2000 and Pena et al., 2000), milk yield and 

composition (Ng-Kwai- Hang, 1998). The research on milk protein polymorphism 

has currently being advanced in a number of interest areas; chemical evolution of 

milk protein and its similarity with other proteins; relationship of  milk 

polymorphism and different species or breeds and biological significance of 

genetic variants etc.( (Ng-Kwai- Hang, 1998)). 

 

Two novel variants for the goat β-LG gene at the cDNA level located on 

exon 7 have been characterized (Figure 2.2). One resulting from single nucleotide 

substitution at   position 4601, digested by SacII restriction enzyme for RFLP, 

second position has 10 bp long insertions at 4641 position, detected through 

capillary electrophoresis for detection of PCR product of fluorescent primer. 

Association studies revealed that at SacII site (with or without insertion of 10 bp at 

4641 position) these alleles have point mutation.Polymorphisms studies were done 

on population of malesfrom four different goat breeds and their gene frequencies 

were consistent with Spanish and French goat breeds (Ramona et al., 1999).  К-
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Casein is necessary for formation and stabilization of micelle and influences milk 

properties important for dairy product manufacturing.Cleavage of κ-casein Phe-

Met peptide bond through enzymesis important for cheese making. Studies on к-

casein (goats) revealed that its gene (к-casein gene) is highly polymorphic 

(Angiolilloet al., 2002; Caroliet al., 2001; Yahyaouiet al., 2001). The β-

lactoglobulin is crucial whey protein of milk in cattleand mammals but not in the 

milk of humans and rodents (D’Andreaet al., 2001). 

 

2.6 κ-CASEIN PROTEIN 

Caseins, the abundant milk proteins, belongs to acidic, proline-

richPhosphoproteins family and makespherical, large, micellar structures in 

calcium phosphate colloidal suspension. κ-Casein protein is mostly polymorphic; 

contains 171 amino acids and MW is19.29 KDa. It is essential for; lactation and 

completion of reproduction in mammals micelle formation, stabilization and 

manufacturing properties of milk. Sixteen genetic variants are reported in 

ruminants (Thirteen protein variants and three silent mutations). Mutations in goat 

casein and its relationship with milk composition and technological characteristics 

is now a great research interest (Collet al., 1993, 1995). 

2.7 κ-CASEIN (CSN3) GENE  

 The Capra hircus κ-Casein gene (CSN3) is located on 6
th

 chromosome, 

spanning 17.79kb region. It consists of five exons andalmost 90% or morecoding 

region of mature κ-Casein protein is covered by exon 4
th

. Previously two variants, 

A and B,were reported for CSN3 (Marlettaet., al. 2007) but studies have shown 16 
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allele variants at the 4th exon (Kumar et., al 2009). Using this information, SSCP 

analysis at  bovine CSN3 locus discriminates six alleles corresponding to known 

protein variants (A, B, C, E, F, G) and three new DNA polymorphisms (H, I, 

AI)are proposed for CSN3 gene (Table 2.1) (Prinzenberg, et al., 1999). 

 

In almost all animal species casein genes form a cluster of between 250 -

350 kb. As in cattle, goat  casein genes also have cluster region of 250 kb on 

chromosome 6 [32, 101] as first reported by Grosclaudeet al.1987. Within casein 

gene cluster the calcium-sensitive (Ca-sensitive) caseins, α-s1 (CSN1S1), β (CSN2) 

and α-s2 (CSN1S2), are evolutionarily closely related, whereas κ-casein (CSN3) is 

physically and functionally linked. The configuration of genes in 5’UTRs /3’UTRs 

cluster, major phosphorylation and signal peptide sites is highly conserved. In all 

casein genes 5’UTR is encoded by first exon. In Ca-sensitive caseins second exon 

have remaining signal peptide coding 12 nucleotides of 5’UTR which is 15 

residues long. In CSN3 the signal sequence is encoded by exon 2 and part of exon 

3.  

2.8 IMPORTANCE OF GOAT MILK 

 Goat's milk is a source of minerals like calcium, phosphorus and potassium 

and amino acids specially tryptophan, some proteins, riboflavin (vitamin B2) etc. 

Some anti-inflammatory short-chain oligosaccharides have been discovered in 

goat's milk which are likely to help in milk digestion, whereas others studies 

associated enhanced absorption of minerals (both iron and copper) in the digestive 

tract. Goatmilk proteins have many differences in their amino acid compositions  
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Figure 2.3: κ-Casein protein structure 
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Figure 2.4:  CSN3 (Casein kappa) gene [Capra hircus (Goat)] 

• Gene ID:  100861231 (updated on 11-Jan-2014) 

• Gene symbol:  CSN3  

• Location:  Chromosome 6 

• Sequence:  NC_022298.1 (82894719..82908406) 

• No. of Exons:  5 

 

(http://www.ncbi.nlm.nih.gov/gene) 
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compared to milk of some other mammals. (Jenness, 1980). 

 

The composition of goat milk fat is also of importance being rich in large 

numbers of small fat globules, different from cow milk (Haenlein, 1992). Milk 

components differ in carbon chain configuration and saturation, which makes it of 

more nutritional and medical importance. Almost 98% of lipid part of milk is based 

on triacylglycerides, including a large number of esterified fatty acids. Simple 

lipids diacylglycerols, monoacylglycerols, cholesterol esters),complex lipids like 

phospholipids, andliposoluble compounds including sterols, cholesterol esters, 

hydrocarbons are also present in goat milk. Constituents of goat milk include milk 

fat 35 % of medium chain fatty acids (C6-C14) that is comparatively higher than 

cow milk fat 17 %, and interestingly fatty acidsare named after goats: Capric 10 

(C10), Caprylic (C8) and Caproic (C6), these fats constitute 15 % of total goat milk 

fat that is again higher than cow milk fat (5%). Five fatty acids (C10:0, C14:0, 

C16:0, C18:0, and C18:1) account for >75% of total fatty acids in goat milk (Park 

et al., 2007).  

 

Although each milk protein is expressed by one gene, recent studies have 

shown that other loci might contribute to the final concentration of the protein. 

Schopenet al. (2011) reported significant associations between major milk proteins 

and specific SNP across the genome using a custom designed 50K Bead Chip of 

the Illumina (50,000-marker) (Illumina Inc., SanDiego, CA) . The authors reported 

that those SNP explained 100% of the additive genetic variation for β-CN 
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and81.6% of the β-LG variation, whereas the additive genetic variance explained 

for
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Table 2.1: CSN3 gene variants as proposed by Prinzenberget al.1999 
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Figure2.5: Ruminant milk protein composition(Fox & Sweeney, 1998) 
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α-CN, κ-CN, and α-LA ranged from 25 to 35% (Schopenet al., 2011).However, it is 

possible that the mutations responsible for the variation observed in one population 

could have segregated differently in a different population. For example, a 

substantial difference exists in milk protein content between Holsteins and Jerseys; 

therefore, the introduction of Jersey alleles to the mapping population is expected 

to generate genetic variation, which in turn facilitates the mapping of DNA variants 

responsible for milk protein composition traits (Huang et al., 2012). 

 

Identification of genomic regions like QTLs having complex traits can be 

identified by using DNA based markers. Rather than using traditional breeding 

techniques for breeding, information based on these genetic markers increases 

selection accuracies, thusleads to genetic improvement of animal productivity. A 

large number (around 1,137) of QTLs for milk production have been identified in 

cattle after seminal work on QTL mapping by Georges et al (1995) and linkage 

analyses (http://www.animalgenome.org/QTLdb/cattle.html.). (Blottet al., 

2003).SNPs are now a great tool to identify and point out QTLs in different animal 

species and helped in mutation analysis with economically valuable traits in 

livestocksand human diseases (Kaminski et., al 2008). GWAS studies are 

becoming practical approach to identify genetic associations with different traits 

with advancements in genome sequencing(Matukumalli 2009; Jiang et al 2010). 

GWAS based on SNPs have been used to identify causative mutations in human 

mouse and cattle (Flint and Eskin 2012). Association studies on large number of 

SNPs can help researchers to identify candidate gene.this will narrow down the 

candidate region of genome having causative mutations and provide evidence for 
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gene functions(Cole et al., 2011). 

 

In the last decade the major focus of dairy research is identification of 

specific traits like fertility, disease resistance, production and somatic cell score, 

which lead to   discovery of many potential SNPs having strong associations  But 

only a few studies about body conformation traits have been published.Linkage 

analysis has been used by some researchers to detect QTLs associated with 

conformation traits. Schrootenet al. (2000) used microsatellite markers to identify 

QTLs and influencing 18 conformation traits while in another study by Ashwellet 

al. (2005) identified QTLs altering 22 body conformation traits, like legs, feet, 

udder and dairy conformation, he also identified 41 chromosome-wise significant 

QTLs. Cole et al. (2011) used a single-locus model to analyze 18 body 

conformation traits, which included six trait groups, body size, body shape, udder, 

teats, teats, feet and legs, and final score and reported the top 100 effects for each 

trait. Their results showed that traits within a phenotype group had a tendency of 

sharing common SNP effects. (Wu et al., 2013). 

 

Another apparently great potential area is identifying the importance and 

role for goat butter milk fat, which has not received much attention at all. And all 

this adds even more importance to the establishment of acceptable practices and 

standards for quality goat milk production, which so far has been lagging behind 

those for dairy cows.This requires separate practices because of the many unique 

physiological and metabolic characteristics of goats compared to cows (Haenlein, 

1991).  
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Goat milk have more nutritional as well as medicinal value than human and 

cow milk as it has different ratio of digestibility, it has higher buffering capacity 

and alkalinity and certain therapeutic values (hypo-allergenicity). Cow’s milk 

frequently causes allergy in small children and goat’s milk is believed to be a good 

replacement food. On the other hand, it was showen that goat’s milk allergy 

occurred in children of higher age compared to infants of cow’s milk allergy, and 

in addition a higher sensitivity of the casein fraction compared to the whey proteins 

was observed (Ah-Leung, 2006). 

 

2.9 WORLD WIDE GOAT MILK PRODUCTION 

Goats have been raised around the world into hundreds of different breeds 

totaling presently more than 750 million goats (Park and Haenlein, 2006). Goats 

are the third largest producers of milk as they produce 8.2 million tons while total 

milk produced is 524 million tons annually (FAO, 1988). According to an estimate 

700,000 tons of total goat milk production was recorded in Pakistan (Economic 

Survey of Pakistan, 2007-2008).There are six popular breeds of dairy goats 

producing milk in the United States: India has 20 well-defined breeds of goats 

(Capra hircus), representing a wide spectrum of genetic variability. Within each 

Indian goat breed the variation in phenotypes and production levels is primarily 

because of extensive management under low input, with little selection being 

practiced by the farmers (Ahlawat and Gupta, 2004).  

 

2.10 GOATS STATUS IN PAKISTAN 

 In Pakistan there are around thirty-seven recognized goat breeds population 
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with total number almost64.9 million producing 801 tons of milk(Economic Survey 

of Pakistan, 2012-2013).Goats are major contributor of farmers income as they are 

raised for milk and meat. Twenty seven out of thirty seven breeds are reared for 

both milk and meat production by farmers. Average milk produced by goats is up 

to 0.5-1.0 L per animal/day (Khan, et al., 2008).  

 

Beetal is the most popular goat breed raised for both milk and meat 

production. It is native to the arid regions of Pakistan mainly; Multan, Sahiwal, 

Lahore, Faisalabad, Sargodha, Jhang, Okara, Jhelum, Gujranwala, Gujrat and 

Sialkot. Female goat weighs 45Kg with an average daily milk yield of 1.8-2.7 L 

(Tahir, 2004).  

 

Daera Din Panahis also a popular goat breed raised for milk, meat and hair 

production native to arid regions of Pakistan mainly; Multan, Muzafargardh and 

Leiah. On average female goat weighs 50Kg with a normal daily milk yield of 1.3-

2.2 L (Tahir, 2004). 
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Figure 2.6: Beetal goat 

Beetal Goat Properties 

 Reared for: Milk & Meat 

Location within country:  Almost all canal irrigated districts of  Punjab   

Coat color (s): Red, Black, Brown with white patches 

Adult weight:  Male 55 Kg and Female 45 kg 

Daily milk production:  1.8-2.7 L  
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Figure 2.7: Daera din panah goat 

Daera Din Panah Goat Properties 

 Reared for  Milk, Meat & Hair 

 Location within country: Mainly in Multan, Muzaffargarh&Leiah 

Coat color (s):  Black or Dark Grey also Red-Brown 

Adult weight: Male 55 Kg and Female 50 Kg 

Daily milk production: 1.3-2.2 L  
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Figure 2.8: Map of Pakistan with major cities of Punjab province

Leyya

h 
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Chapter 3 

MATERIALS AND METHODS 

 

3.1  SAMPLES COLLECTION 

Samples were collected from almost 400 beetal and DDP goats. Out of 

these 200 samples were from beetal and 200 samples were from DDP. We 

collected both mil and blood from each goat. So we collected 400 milk and 400 

blood samples from both goat breeds from live stock research stations located in 

Khairimoorat (Fateh Jang), Rakhkhairywala (Leiah) and RakhGhulaman 

(Bhakkar). Selected animals were in good health and in mid-lactation period and 

reared under the same environmental and nutritional conditions.  

 

Approximately 50ml of fresh milk sample from each animal was collected 

during morning milking session. Soon after hand milking, milk samples were 

collected in sterilized bottles and kept on ice for transportation to the research 

laboratory. Then, 4ml blood was drawn from jugular vein of goats in EDTA 

vaccutainers for genomic DNA extraction. Collected milk and blood samples were 

transferred to laboratory (Department of Biochemistry, PMAS AAUR) and stored 

at –20
o
C and in cold cabinet 4

o
C respectively till further processing and analysis. .  

 

3.2 PROCESSING OF MILK 

A 20 ml aliquot of thawed milk from each sample was taken in falcon tubes 

and skimmed by centrifugation for 30 minutes at3000rpm  (room temperature) and 

cooled down in a refrigerator to solidification of fat layer. After 40 minutes, a fat
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 layer deposited at the top of milk was removed. The processed milk was kept at –

20
o
C for future chemical analysis. 

 

3.3 WHEY ISOLATION FROM WHOLE MILK 

Acid precipitation method was used for separation of whey content (Tsuji 

and Togamura, 1987). Milk casein precipitates at its isoelectric pH 

4.5.Approximately 10ml of raw, skimmed milk was slowly mixed with 1N HCl 

solution to reduce pH from 6.6 to 4.5, the isoelectric point for casein. This was 

done drop wise, under constant mechanical stirring over a period of 30-40mins to 

avoid high local hydrogen ion concentrations. The curdled milk samples were 

centrifuged at 3000rpm for 30mins to separate whey supernatant. The casein 

precipitates were discarded. Separated whey protein fractions were stored in small 

aliquots at – 20
o
C till further analysis. 

 

3.4 ESTIMATION OF TOTAL MILK PROTEINS AND WHEY 

 CONTENTS 

Bradford method was used for total and whey protein content 

estimation(Bradford, 1976). 

3.4.1 Assay Principle 

Bradford method was used for estimation of total and whey proteins. 

Coommassie blue dye has both a blue and aamber  form. Upon binding with the 

protein,  the  red  form  of  dye  is  converted  to the blue form which shifts 

absorption maximum of the dye at 595 nm.  

3.4.2 Assay Protocol 
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A 1:50 dilution of the milk samples was prepared by diluting 20 µl of milk 

with 180 µl of 1x PBS into the labeled microcentrifuge tube. Bovine Serum 

Albumin (BSA, Sigma, USA) was used as a protein standard. For the standard 

curve, A stock solution of 2mg/ml was prepared. Then working dilutions with the 

concentration of 500mg/ml, 1000mg/ml, 1500mg/ml, 2000mg/ml and 2500mg/ml 

were prepared. A 20 µl aliquote of appropriate standard and diluted milk sample 

were pipetted into labeled tubes and mixed with 1 ml of Bradford dye reagent, 

vortex for 30 seconds and were kept at room temperature for 5 minutes. The blue 

colour protein-dye complex remains stable in solution for one hour. Absorbance 

was read within 60mins of assay at 595nm against 20 µl of 1x Phosphate buffer 

saline (PBS) as 'Blank'. Plotted absorbance against protein concentration to get a 

standard calibration curve and determine the concentration of the unknown sample 

using the standard curve.  

 

3.5 DETERMINATION OF TOTAL MILK FAT 

Total milk fat was estimated by using Gerber method(Evertset al., 2000).  

This analysis was done at Romer Labs, Rawalpindi. 

 

3.5.1 Assay Principle 

 Gerber methodinvolves separation of fat from milk based on its lower 

density.Specific volumes of milk and H2SO4 are mixed in a Gerber tube or 

butyrometer. Proteins in milk are precipatited by the H2SO4 and fat globules being 

lighter are separated by centrifugation at 10,000rpm for 10 minutes at 60
o
C. Before 

centrifugation, 1ml of Iso-amyl alcohol is also added to get a clear homogeneous 
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fat column.The fat content is measured directly from the graduated butyrometer. 

 

3.5.2 Assay Protocol 

Whole milk samples were thawed and placed in water bath at 35
o
Cfor 5 

minutes. Fat column i.e. butyrometer, was filled with 10 ml sulphuric acid, 11.94 

ml milk sample and 1 ml amyl alcohol and tightly closed with the rubber stopper. 

The samples in butyrometer were mixed by turning the butyrometer upside-down 5 

times.  This whole mixture was kept at 60°C in water bath for 05 minutes. Then, 

butyrometerwas centrifuged at 10,000 rpm for 5 minutes at 65°C. Fat percentage 

was read directly after spinning again for further 5 minutes. Measurements were 

carried out in duplicate. The results were directly noted from butyrometer at 1 

decimal place. 

 

3.6 SDS-PAGE FOR THE IDENTIFICATION OF Β-LG POLYMORPHISM 

Genetic polymorphism of β-LG protein, in skimmed whey fractions of 

milk, was measured by standard SDS-PAGE method (Sambrook and Russell, 

2001). Gel electrophoresis was done in (Bio-Rad) system and CONSORT E815 

Electrophoretic Power Supply at PMAS- AAUR, using 4% of stacking gel and 

15% of separating gel. Gels were analyzed in a Gel Documentation System.  

 Running gel components were prepared and mixed according to BIO-RAD 

protocol (appendix III) and allowed to polymerize for forty five minutes. The 

components of stacking gel were mixed and poured over the running gel in the 

cassette. A comb (1mm) was inserted into the top of the cassette and left for thirty 

minutes to polymerize. The diluted samples were mixed in 1X sample buffer in a 
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1:2 ratio and heated on a thermo cycler for five minutes at 96 
0
C. Heat denatured 

protein samples were loaded onto the gel after immersing it into the running buffer 

by pippetting 10µl of sample and 08µl of unstained protein ladder (Fermentas, 

USA) 116 KDa to 14.4 KDa (Fermentas) into individual wells. The lid was placed 

over the core and connected to CONSORT E815 Electrophoretic Power Supply. 

The gel was run at 30mA constant current in the stacking gel and 50mA current in 

the separating gel at 120V. 

 

    The gel was stained by placing in coomassie brilliant blue stain overnight and 

then de-stained in destaining solution for about two hours. De-stained gel was 

scanned for analysis and dried on a gel dryer to preserve for future reference. The 

gels were placed over a transilluminator and photographed. Results were 

interpreted by visualizing separated bands and comparing them with known 

molecular weight markers and purified standard of bovine origin β-Lactoglobulin 

run on gel along with samples. Gene counting was carried out using direct 

genotype counting method (Christensen et al., 1985) after careful observation of 

scanned gels. 

3.7  DNA ISOLATION 

 DNA extraction was done using standard organic solvent method from 

whole blood (appendix IV) (Sambrooket al., 2001). 

 

3.8 DNA QUANTIFICATION  

Isolated genomic DNA was quantified spectrophotometrically by taking 

absorbance at 260nm. Purity of isolated DNA was also checked 
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spectrophotometrically by taking absorbance at both 260nm and 280nm and then 

calculating ratio 260/280. 

 

3.9 AGAROSE GEL ELECTROPHORESIS 

1% agarose gel was used for genomic DNA purity analysis, whereas PCR 

products were run on 2% agarose gel and 2% agarose gel was also used for PCR-

RFLP. Gels were stained with ethidium bromide. 100bp DNA ladder (Solis 

BioDyne, Estonia) was also run on gels along with sample DNAs to estimate size. 

Gels were analyzed and photographed by using gel documentation system 

(ALPHA INNOTECH,California, USA) for keeping in record and analysis. 

 

3.10 PRIMERS 

3.10.1 β-LGGene 

Primers for β-LGgene were used as described by Folchet al., 1994. 

Spanning exon 7 and 3’-UTR regions of β-LGgene were amplified. 

Forward:  5′-CGGGAGCCTTGGCCCTCTGG-3′ 

Reverse:  5′-CCTTTGTCGAGTTTGGGTGT-3′ 

3.10.2 CSN3Gene 

For CSN3 gene, primers designed based on the bovine CSN3 gene 

sequence were used (Prinzenberget al., 2005 and 1999). Six allelic positions were 

studied carefully which correspond to already known protein variants 

(A,.B,.C,.E,.F,.G.). Same set of primers was used for genotyping and sequence 

analysis. 
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Forward 5'-AGAAATAATACCATTCTGCAT – 3' 

Reverse 5'-GTTGTCTTCTTTGATGTCTCCTTAGAG – 3' 

 

3.10.3 Primer Resuspension and Dilutions 

Primers Resuspension and dilution was accomplished in laminar flow. 

Primers were resuspended and diluted in Ultra Pure Distilled Water (Invitrogen, 

USA).Manufacturing company guidelines were followed for the calculation (Gene 

Link). A Stock of 100µlprimer was prepared and kept at – 20 °C. The 10 µM 

working stocks were prepared from 100 µM stock primer and aliquots. 

 

3.11 PCR OPTIMIZATION FOR GENOTYPING 

For PCR amplification, a 15µl reaction mixture in which 50ng of genomic 

DNA was used. The detailed ingredients of reaction mixtures are shown in table 

3.1 and 3.4 

3.11.1 PCR (Thermal Profile) for β-LG 

 β-LG gene was amplified by using thermocycler (EppendorfMastercycler
® 

gradient).  Thermal profile for the β-LG gene amplification is given in table 3.2. 

3.11.2 PCR Cycle for CSN3 

EppendorfMastercycler
®

 gradient was used for the Amplification of 

CSN3gene. The optimized thermal profile is given in table 3.5. 

 

3.11.3 Restriction Fragment Length Polymorphism (RFLP) 

 RFLP is a technique that is used to find out the variations in DNA sequences 

where a specific DNA sequence is first amplified and then digested by a sequence
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Table 3.1: PCR reaction mixture composition for β-lg gene amplification 

PCR Reaction Mixture Ingredients Stocks 

Conc. 

Working 

Conc. 

Volume (µl) 

dNTPs (dATP, dCTP, dGTP, dTTP) 10mM 0.5mM 1.0µl 

PCR Buffer 10x 1x 2.5µl 

MgCl2 25mM 3mM 1.0µl 

Primer Forward 10µM 0.6µM 1.0µl 

Primer Reverse 10µM 0.6µM 1.0µl 

Ultra Pure Distilled Water   7.0µl 

Taq Polymerase 5U/µl 2.5U 0.5µl 

Genomic DNA 50ng/µl 50ng 1µl 
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Table 3.2: Thermal profile for β-LG  

PCR Conditions Temperature Time Cycle 

Initial 

Denaturation 

95
0
C 5minutes 1 

Denaturation 95
0
C 30seconds  

35 Annealing 60
0
C 60seconds 

Extension 72
0
C 60seconds 

Final extension 72
0
C 5minutes 1 

Storage 4
0
C   
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specific endonuclease enzyme (restriction enzymes). The resulting fragments are 

separated by gel electrophoresis. Different protocols were optimized for PCR-

RFLP of β-LG and CSN3 genes. 

 

3.11.4 Restriction Digestion of PCR Amplified β-LG Gene Segment 

The PCR amplified products (426bp) were digested with Cfr42I (SacII) 

(Thermo Scientific, #ER0201) restriction enzyme at 37
0
C overnight.The Cfr42I 

(SacII) recognition site is; 

 

Digested reaction shown in (Table 3.3). 2% agarose gel was used for 

visualization of restriction products along with 100 bp ladder (Solis BioDyne) at 

80V.  

3.11.5 Restriction Digestion of PCR Amplified CSN3 Gene Segment 

 The PCR products (558bp) were digested with two different REs to 

differentiate genotype variants. Restriction digestion using BsuRI (HaeIII) (Thermo 

Scientific, # ER0151)  differentiates  E  genotype  from  the   rest  of   genotypes    

as. substitution of G to A at 385 position of coding CSN3 sequence  creates 

restriction site for HaeIII which is otherwise absent. The amplified region 

alsocarried an inherent restriction site for HaeIII. So, the expected band sizes were 

331 and 227 bp for AA genotype, 280, 227 and 51 bp for GG genotype and 331, 

280, 227 and 51 for GA genotype. The BsuRI (HaeIII) recognition site is; 
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Table 3.3:  Reaction mixture for the restriction digestion ofβ-lggene pcr- 

  amplified product 

Restriction Digestion Ingredients Volume (µl) 

PCR Amplified Product 10µl 

Ultra Pure Distilled Water 2µl 

10X Buffer B 2µl 

Cfr42I (SacII) 1µl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 

 

 

 

 

 

 

A 15 microlitre restriction digestion mixture was prepared (Table 3.6). The 

restriction digested products were run on 2% agarose at 80V. Alw44I was also used 

for PCR-RFLP to differentiate between two groups of genotypes (group 1 and 

group 2). Group 1 contains genotypes A, B, B’, B’’, E, H, I, J and K whereas group 

2 contains genotypes C, C’, D, F, G, L and M. Sequences of group 2 has C allele at 

591 position which creates restriction site for Alw44I. Presence of T allele as in 

group 1 abolishes this site. Thus,creating a polymorphic site which can easily be 

genotyped by manual counting the number of bands on gel. Cut fragments were of 

481 and 77 bp. 

 

3.12 SEQUENCING OF CSN3 EXON IV 

PCR amplified products were processed for bidirectional sequencing to 

along with 5pM of forward and reverse primers.  

3.12.1 Sequence Analysis 

Softwares used for sequence analyses were: Chromas exe, bio edit, BLAST 

by NCBI, etc. Sequences were imported into Chromas.exe Sequence Alignment 

tool for basic sequence analysis. The sequences were aligned with reference 

sequence obtained from GeneBank (http://www.ncbi.nlm.nih.gov) using Clustal 

Omega software(http://www.ebi.ac.uk/Tools/msa/clustalo/) 
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3.13 GENOTYPE/ALLELE FREQUENCY ESTIMATION 

Genotyping of β-LG andCSN3 were done by manual counting of DNA 

bands on gel (Christensen et al., 1985). Genotype/allele frequencies were estimated 

and tested for HWE using Chi-square Goodness of fit tests. 

 

3.14 STATISTICAL ANALYSIS OF DATA 

Gene/Allele Frequencies were calculated based on Hardy Weinberg 

Principle. Chi-Square (χ
2
) test was applied at 5% significance level to determine 

deviation of selected population from Hardy Weinberg Principle. To find out 

association, ANOVA was performed with Statistical Package for Social Sciences 

software program (SPSS). 
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Table 3.4:  PCR reaction mixture composition csn3 gene amplification 

PCR Reaction Mixture Ingredients Stocks 

Conc. 

Working 

Conc. 

Volume 

(µl) 

dNTPs (dATP, dCTP, dGTP, dTTP) 10mM 0.5mM 1.0µl 

PCR Buffer 10x 1x 2.5µl 

MgCl2 25mM 3mM 1.0µl 

Primer Forward 10µM 0.6µM 1.0µl 

Primer Reverse 10µM 0.6µM 1.0µl 

Ultra Pure Distilled Water   7.0µl 

Taq Polymerase 5U/µl 2.5U 0.5µl 

Genomic DNA 50ng/µl 50ng 1µl 
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Table 3.5: Thermal profile for csn3 

PCR Conditions Temperature Time Cycle 

Initial 

Denaturation 

93
0
C 5minutes 1 

Denaturation 93
0
C 30seconds  

35 Annealing 51
0
C 40seconds 

Extension 72
0
C 50seconds 

Final extension 72
0
C 2minutes 1 

Storage 4
0
C   
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Table3.6:  Reaction mixture for the restriction digestion of csn3gene   

  pcr-amplified product 

Restriction Digestion Ingredients Volume (µl) 

PCR Amplified Product 10µl 

Ultra Pure Distilled Water 2µl 

10X Buffer R 2µl 

BsuRI (HaeIII) 1µl 
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Table 3.7:  Expected banding pattern for Genotype analysis BLG 

RE Homozygous 

(AA) 

Heterzygous 

(AB) 

Homozygous(BB) 

Cfr42I(SacII) 426 bp 426 bp 

349 bp 

77 bp 

349bp 

77bp 
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Table 3.8: Expected banding pattern for Genotype analysis CSN3 

RE Homozygous 

(AA) 

Heterzygous (AB) Homozygous(BB) 

HaeII 331bp 

227bp 

331bp 

280bp 

227bp 

51bp 

280bp 

227bp 

51bp 
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Table 3.9:  Expected banding pattern for genotype analysis CSN3 group 1 and 

group 2 

RE Group1 Group 2 

Alw44I 558bp 481bp 

77bp 
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Chapter 4 

RESULTS AND DISCUSSION 

 

A total of 800 (400 milk and 400 blood) samples for two local goat breeds 

Beetal and DDP were used for milk composition analyses and genetic 

polymorphism at both protein and gene levels. The identified protein and gene 

variants were then explored for association with major milk components; total 

protein, total fat and whey contents. 

 

4.1 MILK COMPOSITION AND YIELD ANALYSIS 

Total milk protein, Caseins protein, whey protein,  Daily milk yield  and 

total fats were recorded and analyzed for Beetal and DDP goats separately (Table 

4.1) and then compared for both goats to look for significance of difference in both 

milk yield and composition (Table 4.1).  Total daily milk yield was 4.37±0.52 

L/Day in Beetal and 4.48±0.46 L/Day in DDP goats. So the statistical analysis 

showed that there was no significant difference in daily milk production of two 

selected goat breeds.  

 

The mean total milk fat contents (%) were 4.18±0.66 in Beetal and 

4.52±0.41 in DDP. Based on statistical analyses, Beetal goat milk had significantly 

higher total milk fat contents as compared to DDP goat (p<0.001). There was a 

lack of significance in the total milk protein, whey protein and casein contents for 

both goat breeds. Total milk protein content (%) was 2.52±0.93 in Beetal and 

2.46±0.99 in DDP goats. The whey protein contents (%) were of approximately 
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Table 4.1: Comparison of milk composition among beetal andddp 

   DDP Beetal   

p-Value 
(N=200) (N=200) 

 Mean±SD Mean±SD 

Milk Yield (L/Day) 4.37±0.52  4.48±0.46  0.2n.s 

Total Protein (%) 2.52±0.93  2.46±0.99  0.5n.s 

Whey Protein (%) 0.36±0.19  0.36±0.19  1.0n.s 

Casein Protein (%) 2.16±0.77  2.10±0.83  0.4n.s 

Total Fat (%) 4.18±0.66  4.52±0.41  <0.001*** 

 

p-Value> 0.05 Non-significant (n.s) 

p-Value< 0.05 Significant 

p-Value< 0.05 = * 

p-Value< 0.01 = ** 

p-Value< 0.001 = *** 

p-Value< 0.0001 = **** 
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same value (0.36±0.19) in both goat breeds while casein contents (%) 

were2.16±0.77 and 2.1±0.83 respectively in Beetal and DDP goat breeds (Table 

4.1). 

 

4.2 DETECTION OF POLYMORPHISMS AND ESTIMATION OF 

ALLELE/GENOTYPEFREQUENCIES ESTIMATION 

 The polymorphisms inβ-LG milk protein and β-LG and CSCN3 genes in 

Beetal and DDP goat breeds were targeted in present study. For polymorphisms 

detection of β-LGat protein level, protein variants were separated on the basis 

molecular weight  SDS-PAGE and were detected and genotypes/alleles were 

counted. Whereas for polymorphisms detection at β-LG and CSCN3 genes level, 

PCR-RFLP based data consisting of differently sized DNA bands separated on 

agarose gels were used. In case of CSCN3 gene, some samples were selected based 

on PCR-RFLP results and sequenced for the confirmation of already existing 

polymorphisms for the identification of any novel substitutions.  The allele and 

genotype frequencies were then calculated for β-LG milk protein and β-LG and 

CSCN3 genes variants in Beetal and DDP goats. We further conducted haplotyping 

of CSCN3 gene variants and a combined haplotyping for β-LG and CSCN3 genes 

variants. 

 

4.2.1 RFLP Analysis And Frequency Distribution Of Identified β-LG Gene 

Variants In Selected Goat Breeds 

β-Lactoglobulin, major  whey  protein  in  ruminants milk is highly 

polymorphic. Genetic polymorphism in β-LG gene is associated with quantitative 
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traits and technological dairy properties. Keeping in view significance of β-LG, 

Beetal and DDP (local goat breeds), were screened for SNP (single nucleotide 

polymorphism) at both gene and protein level.  

 

Two (SNPs) A and B in β-LG gene were first reported in caprineβ-LG gene 

due to point mutation (G to A) at 4601 position on exon 7 (Pena et al., 2000).SacII 

restriction enzyme target site is affected by substitution of G to A in goat β-LG 

gene sequence. Both A and B are the two commonly reported β-LG gene variants 

in different goat breeds worldwide (Jain et al., 2012). To detect reported 

polymorphisms in our selected Beetal and DDP goat breeds, β-LG gene fragment 

from 7
th

 exon to the 3’ flanking region was PCR amplified. Based on optimized 

conditions, a PCR product of 426bp size was obtained. This amplified DNA was 

further subjected for RFLP analysis. In RFLP analysis, the amplified DNA sample 

was digested by restriction enzyme SacII  with restriction site sequence 5'...C C G 

C^G G...3'. The PCR product was expected to either have one SacIIrestriction site 

in case of β-LG B allele or no site at all for A allele. In accordance with previous 

studies, SacIIrestriction produced two genetic variants, A and B with three 

genotypes AA, AB, and BB.  

 

The SacII restriction digestion banding pattern obtained in present study 

also resulted in the identification of A and B alleles with three genotypes as 

follows; homozygous BB carriers with two bands 349 and 77bp bands, 

homozygous AA with single undigested 426bp band, and heterozygotes AB 

containing three bands; un-digested 426bp and 349 and 77bp bands (Ramona et al., 
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2000, Hanafy et al., 2010). The genotype and allele  frequencies of β-LG gene for 

Beetal and DDP goats are presented in Tables 4.2 and 4.3. 

 

All studied animals for Beetal and DDP goat breeds showed similar RFLP 

pattern when genotyped for β-LG gene. Thus our PCR- RFLP genotyping results 

confirm that for β-LG genetic locus a single nucleotide polymorphism (SNP) 

results in two alleles; A and B. Both alleles were also found as dominant variants in  

Beetal and DDP goat populations with three genotypes; AA, AB and BB. The 

genotype and allele frequencies for β-LGwere calculated by directly counting 

relevant sized DNA bands separated on agarose gel. For Hardy Weinberg 

equilibrium, Pearson’s Chi-square (χ
2
) test was applied at 5% significance level 

based on observed and expected genotypic frequencies. A p value >0.05 is an 

indicator of studied population being in HWE, whereas, a  p value <0.05 shows 

clear deviation from HWE.  

 

 Among  200Beetal samples, 36 were homozygous BB, 55 were of 

homozygous AA and 109 heterozygous AB genotypes. The genotype frequency for 

three genotypes were as follows; AA = 0.28, AB = 0.55 and BB = 0.18 respectively 

with a p-value of 0.16 (Table 4.3). The >0.05 p value clearly indicates that our 

population follows HWE. The A and B allele frequencies were 0.55 and 0.45 

respectively with A allele being most prevalent in Beetal goat breed as compared to 

B allele (p=0.0072). In DDP goat β-LGgenotypes based animal distribution was as 

follows; 63 homozygous AA, 108 heterozygous AB and 33 homozygous BB. The 

β-LGgenotype frequencies were; AA = 0.31, AB = 0.53 and BB = 0.15 with a p 
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value of 0.1687. 
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Table 4.2: β-LG genotype and allele frequencies (Beetal) 

 

 

 

 

 

 

 

 

 Genotypes  Frequency  P -Value  

AA  0.28 

0.1576 

AB  0.55 

BB  0.18 

Alleles  

0.0072 

A  0.55 

B  0.45 
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Table 4.3: β-LG genotype and allele frequencies (DDP) 

Genotypes Frequency P-Value 

AA 0.31 

0.1687 

AB 0.53 

BB 0.15 

Alleles 

<.0001 

A 0.58 

B 0.42 
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M = 100bp DNA Ladder 

Figure4.1:   β-LG PCR product: 426bp
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Figure 4.2: RFLP for β-LG 
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 Thus >0.05 p values in our DDP goat also indicates that this population 

follows HWE.  As for two alleles, A allele had significantly higher frequency of 

0.58 in comparison to B allele frequency of 0.42 (p=<.0001). So DDP goat also had 

higher prevalence of A allele of BLG like in case of Beetalgoat (Table 4.4). 

 

A comparison of allele frequencies difference among two goat breeds was 

also carried out to find any change in prevalence. As shown in Table 4.4, we 

couldn’t  find any significant difference in the prevalence of A and B alleles of 

BLG in Beetal and DDP goats. Overall our results indicate identification of two 

alleles, A and B for β-LG gene in both Beetal and DDP goats. A significantly high 

frequency of A allele shows high prevalence of this allele in both goats as 

compared to B allele. Both goat breeds populations follow HWE which clearly 

shows controlled breeding programs adopted at the goat farms used for animals 

sampling.  

 

Overall BLG genotyping in both Beetal and DDP goat breeds indicate 

dominance of A allele as compared to B. As for the BLG genotype prevalence in 

studied goat breeds, our study shows abundance of AB genotype (Hetrozygous) 

with 0.55 and 0.53 frequency  followed by 0.28 and 0.31 for homozygous AA in 

Beetal and DDP respectively. The homozygous BB genotype was least abundant 

among all three BLG genotypes with frequencies of 0.18 in Beetal and 0.15 in 

DDP. Our results are different from those reported for other World goat breeds, 

where dominance of β-LG AA genotype has been reported. β-LG polymorphism in 

exon 7 and AAgenotype abundance has been reported in French and Spanish goats
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Table 4.4: Comparison of β -LG, a and b alleles frequency distribution among 

beetal and ddp 

 

A B P-Value 

Beetal 0.55 0.45 

 

 

 

0.36 DDP 0.58 0.42 
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(Penaet al.,2000):, Egyptian goats like Damascus,Barki, , Zaraibi  and 

Baladi(Saharet al.,2009; Hanafy, et al., 2010), Sannen and Alpine goat breeds 

(Strzelecet al.,  2011). An Indian study reported thirteent goat breeds with high 

ratio of BB genotype followed by AB (Kumar et al.,2006; Garg,et al., 2009; Jain et 

al.,  2012). Despite of high abundance of A allele , high polymorphism occurs in β-

LG genotype in caprine breeds. 

 

Future research is focused on extensive exploring of most frequent β-LG 

allele/genotype frequency in our animal populations.Progeny of goats from 

selected farms to examine and identify existing genetic pool and 

variations.Confirmation of Allele was done by sequencing of specific region ofof 

β-LG gene in subject animals. 

 

4.3 RELATIONSHIP OF β-LG GENOTYPES WITH MILKCOMPOSITION 

Relationship between, with β-LG genotypes  and total milk fat, total milk 

protein, casein and  whey protein  contents and daily milk yieldwere evaluated in 

Beetal and DDP goats. In Beetal goat, β-LG genotypes lacked any significant 

relationship to overall  milk yield (Table 4.5).  Goats having AA and AB genotypes 

(4.4±0.44L/ day in β-LG AA and 4.4±0.55 L/day in β-LG AB genotypes had higher 

average milk Yield. Of milk protein contents, total milk protein (%) and casein 

contents showed highly significant associations with β-LG genotypes. Our results 

indicate AB genotype’s association with total milk protein (2.64±0.855%) and 

casein contents (2.25 ±0.71) as compared to AA (Total milk protein 2.24±0.97 and 

Casein 1.9±0.83) and BB (Total milk protein 2.56±0.98 and Casein 2.19±0.81) 
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respectively. The whey protein contents in Beetal goat milk did not show any 

significant difference among three β-LG genotypes (AA 0.31±0.18, AB 0.39 ±0.18, 

and BB 0.36 ±0.2). In comparison with whey milk protein contents, no statistically 

significant difference was recorded between total milk fat contents and β-LG 

genotypes (Table 4.10). However total milk fat contents were slightly higher in AB 

genotype (4.2 ±0.67) as compared to the two homozygous AA and BB genotypes 

(4.12 ±0.686 and 4.111 ±0.6). Irrespective of statistical significance, overall daily 

milk yield, total milk protein, whey protein, casein and total milk fat contents were 

all elevated in heterozygous AB β-LG genotyped Beetal goats as compared to 

homozygous AA and BB genotypes. 

  

 The β-LG genotypes association milk components were also explored in 

DDP goats (Table 4.6). No statistically significant association was observed in, 

milk yield, other milk components and β-LGgenotypes of DDP goats. Daily milk 

yield was slightly raised in heterozygous AB genotype among all the three 

genotypes of β-LG in DDP (AA 4.3±0.58, AB 4.4±0.48 and BB0.43±0.48, p= 

0.288).  

 

 The total milk protein (AA 2.61±1.05, AB 2.52 ±0.93, and BB 2.48 ±0.88), 

whey protein (AA 0.41±0.21, AB 0.37±0.19, and BB 0.33 ±0.18) and casein 

contents (AA  2.2±0.86, AB 2.14±0.78, and BB 2.1±0.77) were all raised in 

homozygous AA  genotype of β-LG as compared heterozygous AB and 

homozygous BBgenotypes. In contrast to milk protein contents, total fat contents 

were raised in homozygous BB genotyped DDP goats (BB 4.19±0.68) as compared



61 

 

 

 

 

Table 4.5: Association of β -LG genotypes with milk composition in beetal 

 

β-LG Genotypes 

(Means ± SD) 

 

 

Milk Constituents AA AB BB p-Value 

Milk Yield (L/Day) 4.4 ±0.44 4.4 ±0.55 4.3±0.51 0.288
n.s

 

Total Milk Protein (%) 2.24±0.97 2.64 ±0.855 2.56±0.98 0.03
*
 

Whey Protein (%) 0.31 ±0.18 0.39 ±0.18 0.36 ±0.2 0.35
n.s

 

Casein Protein (%) 1.9 ±0.83 2.25 ±0.71 2.19 ±0.81 0.04
*
 

Total Milk Fat (%) 4.12 ±0.686 4.2 ±0.67 4.11 ±0.6 0.491
n.s

 

p-Value> 0.05 Non-significant (n.s) 

p-Value< 0.05 Significant 

p-Value< 0.05 = * 

p-Value< 0.01 = ** 

p-Value< 0.001 = *** 

p-Value< 0.0001 = **** 
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Table 4.6: Association of β -LG genotypes with milk composition in ddp 

 

β-LG Genotypes  

(Means ± SD) 

 

 

Milk Constituents AA AB BB p-Value 

Milk Yield (L/Day) 4.3 ±0.58 4.4 ±0.48 4.3±0.48 0.288n.s 

Total Milk Protein (%) 2.61±1.05 2.52 ±0.93 2.48±0.88 0.850n.s 

Whey Protein (%) 0.41 ±0.21 0.37 ±0.19 0.33 ±0.18 0.175n.s 

Casein Protein (%) 2.2 ±0.86 2.14 ±0.788 2.1 ±0.77 0.955n.s 

Total Milk Fat (%) 4.13 ±0.70 4.17 ±0.64 4.19 ±0.68 0.929n.s 

p-Value> 0.05 Non-significant (n.s) 

p-Value< 0.05 Significant 

p-Value< 0.05 = * 

p-Value< 0.01 = ** 

p-Value< 0.001 = *** 

p-Value< 0.0001 = **** 
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homozygous AA and heterozygous AB (AA 4.13±0.7, AB 4.17±0.64) genotyped 

ones. Thus in DDP goat associations of β-LG and milk components were as 

follows,  despite of statistical significance, in heterozygous AB genotype average 

daily milk yield was higher while total milk protein, whey protein, and casein 

were elevated  in homozygous AA. While fat contents were found higher  in milk 

of DDP goats having homozygous BB genotype than to homozygous AA 

genotype and heterozygous AB β-LG genotypes. 

 

Though all studied milk components were raised in heterozygous AB β-LG 

genotyped Beetal goats, overall we found AB genotype as a strong indicator of 

significantly higher total and casein protein in the milk of respective Beetal goats 

as compared to other two genotypes. While in DDP goat, β-LG homozygous AA 

genotype is excellent predictor of total whey and casein (milk) protein contents 

while homozygous BB for total milk fat contents. Generally A allele of β-LG gene 

has been reported to positively affect milk production traits. A strong effect of β-

LG genotypes on milk yield has also been reported in Indian Jamunapari and 

Barbari goats (Kumaret al., 2006). In both Indian goat breeds, β-LG AA 

homozygous genotype was found associated with higher milk yield as compared to 

goats having AB heterozygous genotypes.Similarly higher milk yield was reported 

in Damascus (Egyptian) goat breed with higher frequencies of AA genotype while 

Barki breed have low frequency of AA genotype and also have low milk yield 

(Hanafyet., al 2010).  

 

AA genotype of β-LG gene is a key feature in milk protein contents. A 
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positive influence of β-LG AA genotype on milk protein contents has been reported 

previously.These studies have also supported significant effects of homozygous BB 

genotype on the milk fat contents (Aleandriet al.,1990; Bovenhuiset al., 1992) Our 

results of β-LG genotypes and milk components association for Beetal and DDP 

are partially similar to some previous studies. Milk yield (milk yield/day) was 

found  raised in Beetal and DDP  goats having heterozygous AB genotype  for β-

LG locus. Similarly for milk proteins and fat contents, heterozygous AB typed 

Beetal goats had raised contents as compared to other genotypes.  

 

Whereas in DDP homozygous AA genotype has raised milk protein 

contents and homozygous BB genotype with raised milk fat contents. Thus our 

study revealed an overall dominance of AB genotype with milk traits in Beetal 

while a mixed effect in DDP showing favorable effect of AA genotype on milk 

protein production and of BB on milk fats. However future studies with larger 

population cohorts, also taking into account the genetic pool of typed animals, are 

needed to fully explore genetic associations of β-LG genotypes with milk 

production traits in order to exploit them for future breeding programs. 

 

4.4 BETALACTOGLOBULIN PROTEIN POLYMORPHISM 

SDS-PAGE based analysis of milk proteins revealed polymorphism at β-LG 

locus in the Pakistani goat breeds (Beetal,Daera Din Panah) The whey protein from 

goat milk samples was extracted by acid precipitation method. The filtrate was 

used for SDS-PAGE for direct identification of β-LG genetic variants. Known 

unstained protein molecular weight marker (Fermentas) and purified heterozygous 
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AB bovine β-LG (AB, Sigma, USA) as a standard were also run on SDS-PAGE 

along with samples to confirm molecular weight of β-LG monomer (18 KDa) and 

to characterize its genotypes (AA, AB, BB).   

 

β-LG polymorphism profile was established using direct gene counting 

method (Christensen et al., 1985). Homozygous genotypes (AA and BB) were 

characterized by one major band, while heterozygous genotype was identified as 

two overlapping, a major and a minor, bands. The electrophoretic profile of whey 

proteins clearly demonstrates that homozygous AA β-LG protein moved faster as 

compared to β-LG BB. This electrophoretic pattern of goat β-LG A and B types 

confirms previous findings that goat β-LG B, being rich in positively charged 

amino acids, moves slowly as compared to A genotype (Jennese, 1980).  

 

Genotyping of β-LG protein was carried out from SDS-PAGE based 

electrophoretic profiles of whey protein samples. Three genotypes (AA, AB and 

BB) at β-LG locus were observed in the present study conducted on Pakistani 

Beetal and Daera Din Panah goats. Our results are consistent with the previous 

findings which have reported the existence of three β-LG genotypes in goat 

(Boulanger, 1976; Kumar et al., 2008). Within β-LG locus greatest number of 

genotypes observed in the Beetal and Daera Din Pananh goats was of homozygous 

β-LG AA. A similar study conducted in India has also revealed that the 

predominant genetic variant of β-LG in goat breeds is A (Kumar et al., 2008).  

Thus the heterozygous β-LG fraction of goat population presents a slightly lower 

share as compared to the homozygous. Results obtained from the present study 
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conclude that β-LG AA genotype is more frequently present in local Pakistani goat 

breed (Beetal and Daera Din Panah) as compared to homozygous BB and 

heterozygous AB genotypes. Our results are consistent with the previous findings 

that β-LG AA genotype is universally found in ruminants (Kiddy et al., 1972).  

 

4.4.1 Calculation of Allelic and Genotype Frequencies β-LG protein 

 Isoforms  

 SDS-PAGE based protein profiling confirmed three genetic variants of β-

LG; AA, AB and BB. Gene and allelic frequencies were calculated for each 

individual genotype using Hardy–Weinberg principle.Gene frequency of 

homozygous β-LG AA in Beetal and Daera Din Panah goats was calculated to be 

about 0.6 and 0.5 as compared to β-LG BB with a gene frequency of 0..2 and 0.1 

respectively (Tables 4.7,4.8). On the other hand, heterozygous β-LG AB gene 

frequency was 0.3 and 0.3 respectively (Tables 4.7, 4.8). Similarly allele frequency 

calculated for β-LG A was 0.6 whereas, β-LG B had an allelic frequency of 0.5 

respectively (Tables 4.7, 4.8).Based on higher gene frequency for homozygous β-

LG variant A as comparedto homozygous β-LG B or heterozygous AB variants and 

relevant allele frequencies, present study confirms the presence of two alleles at the 

β-LG locus. Boulanger (1976) and Kumar (2008) also observed A and B variants in 

local goat breeds at the β-LG locus. β-LG AA was the most frequent genotype in 

their studied samples. It further confirms previous findings conducted on Indian 

goats that variant A is predominant in goat breeds (Kumar et al., 2008 and Garget 

al., 2009). In order to conduct significance test for the deviation of genotypes from 

Hardy Weinberg principle, Pearsons Chi square test was performed 
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Table 4.7: β-LG protein isoforms frequencies(beetal) 

 Genotypes  Frequency  P-Value  

AA  0.6 

 AB  0.3 0.116 

BB  0.2    

Alleles  

  

  

  A  0.55 

0.0023 

B  0.45 
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Table 4.8: β-LG protein isoforms frequencies(ddp) 

Genotypes Frequency P-Value 

AA  0.5 

 AB  0.3 0.15 

BB  0.1 

 Alleles    

A  0.55 

0.0001 

B  0.45 
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based on observed and expected genotypypic frequencies (5% level of 

significance).  

 

Our results clearly demonstrate that the selected population is in Hardy 

Weinberg equilibrium. Based on gene frequency calculation present study shows 

that our selected population lies within Hardy Weinburgh equilibrium. Thus it is 

confirmed that Beetal and Daera Din Panah goats selected for our study were a 

generation of randomly mating parents rather than cross-breeding. This perhaps 

would have resulted in the conservation of universal AA genotype in the animals 

under study. 

 

4.4.2 Effect Of Β-Lactoglobulin Polymorphism On Total Milk Protein 

In order to study the effect of β-LG genotypes on milk composition, total 

milk protein content from all animals was also estimated using Bradford method. 

The present study shows that β-LG AA genotype has higher total milk protein 

content than the β-LG BB and AB genotype in Beetal and Daera Din Panah goats.  

Highest protein percentage is shown by AA genotypes, followed by AB and BB. 

Total milk protein content reflects caseins and whey content. Thus a higher 

percentage of total milk proteins could reflect increased casein content in milk with 

a higher total protein value as compared to the ones with a lesser protein content 

(Moioliet al., 1998). This property further reflects the better manufacturing 

qualities of a particular milk type based on total protein content. Studies have 

shown that goat casein and bovine β-LG significantly affect milk protein contents 

and cheese making properties (Ng-Kwai-Hang, 1998). Therefore, we could 



70 

 

 

 

inferfrom our results that β-LG AA genotype, due to its higher total protein 

contents, could be preferred for manufacturing purposes in dairy industry as 

compared to β-LG BB or AB. 

 

4.4.3 Effect OF β-Lactoglobulin Polymorphism On Whey Protein 

Estimation of whey protein was carried out by Bradford method. The percentage of 

whey in goat milk is reported to be lower than in sheep or cow. Our results show 

that whey protein content is significantly higher in β-LG genotypes AA and AB as 

compared to BB, whereas no significant difference was found in the whey contents 

of β-LG AA and AB genotypes. A previous study conducted on bovine milk shows 

that milk with β-LG B allele tends to have lower whey protein yield as compared to 

β-LG B allele (Ng-Kwai-Hang 1998). 

 

 However, not much work has been carried out in demonstrating a relationship 

between β-LG genotypes and whey protein.Present results in comparison with 

bovine data also shows that β-LG A allele is associated with higher whey protein 

contents as compared to β-LG B allele. Whey protein has been shown to affect 

milk yield, casein content, fat content, and manufacturing properties of milk. 

However, further studies need to be conducted in order to find a strong relationship 

between β-LG genotypes and their effect on whey protein content. 

 

4.4.4  Effect Of Β-Lactoglobulin Polymorphism On Milk Fat 

Total milk fat content was estimated using Gerber method. On an average
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. 

 

Figure 4.3:  β-LGprotein isoforms resolved on SDS-page 
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4.5% fat content was estimated in our study. Relationship between β-LG genotypes 

and milk fat content was also calculated. Our results show that there is no 

significant difference between β-LG genotypes and fat content.Nutritional, physical 

and sensorycharacteristics of milk depend on its lipid contents. Goat milk fat 

contains more insoluble and volatile fatty acids as compared to cow milk fat (Park, 

2006). Milk fat content has also been associated with the quality of dairy products 

especially cheese. Furthermore, lipids in goat milk have generally higher physical 

characteristics than in cow milk (Park, 2006) and are responsible for its 

characteristic flavor (Moioet al., 1993).  

 

4.5 CSN3 GENOTYPE & ALLELE FREQUENCIES  

We typed fifteen polymorphic sites reported earlier at κ- casein locus using 

direct sequencing and PCR-RFLP techniques. PCR-RFLP HaeIII genotyping assay 

(for the polymorphic site 385) was designed to identify CSN3*E genotype from the 

remaining genotypes because this allele is the only one with a guanine (G) at 

position 242. Our results clearly indicate that CSN3*E genotype is completely 

absent in the Beetal and DDP goats sampled. As the frequencies were A allele 0.36, 

B allele 0.64, whereas genotypic frequency was 0.1 for AA genotype, 0.52 for AB 

genotype and 0.38 for BB genotype in Beetal, were A allele 0.44, B allele 0.56 

(Table 4.9, 4.10, 4.11), whereas genotypic frequency was 0.17 for AA genotype, 

0.55 for AB genotype and 0.29 for BB genotype in DDP which are clearly different 

from the frequencies (A allele: 0.725, B allele: 0.275, AA genotype: 0.55, AB 

genotype; 0.35, BB genotype; 1.0),  calculated by Kumar et al., 2009 for Beetal 

breed found in India. Similarly, based on the same polymorphic site various 
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researchers had reported the presence of CSN3*E genotype in other goat varieties 

like Barbari, Marwari, Sannen, Angora, Hairy goat, Borno, Red Sokoto, West 

African Dwarf and Weisse Deutsche Edelziege.  

 

The inconsistency of the present results compared to other studies may be 

due to sampling, environmental factors, population size and frequency distribution 

of genetic variants. Studies have shown the analyzed breeds show differences in the 

occurrence and frequency of the alleles, the allele distribution reflecting the 

geographic origin (Moioli, 2007). The distribution of such alleles has been 

influenced either by breed selection pressure for milk production or, more likely by 

genetic drift (Yahyaouiet al., 2003). The relationships between polymorphism at 

the individual casein loci and production parameters are described in Table 4.10 

and4.11. 

 

PCR-RFLP using Alw44I distinguishes group 1 genotypes from the group 2 

genotypes. Group 1 contains genotypes A, B, B’, B’’, E, H, I, J and K whereas 

group 2 contains genotypes C, C’, D, F, G, L and M. Our results indicated 

frequency of group 1 is 0.84, and of group 2 is 0.16 in Beetal. Whereas, DDP has a 

frequency of 0.43 for group 1 and 0.57 for group 2. Overall frequency of group 1 is 

0.673 and 0.327 was observed in the total goat cohort of current study. Restriction 

digestion using HaeIII had excluded E genotype from our study population. Thus, 

combined results of Alw44I restriction digestions compared the two groups minus 

CSN3*E genotype.We found CSN3*A and CSN3*D genotype variants in Beetal 

and DDP, repectively by direct sequencing and analyzing the 15 polymorphic sites 
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as described in nomenclature by Prizenberget al., 2005.  Caroliet al., 2001 first 

reported this CSN3*D variant. The haplotype CSN3*D was observed in Afar 

(African goat) with a relatively low frequency of 0.045 by Kiplagatet al. 2010. 

Genotyping CSN3 gene is of greater importance, because different genotypes are 

correlated with commercially valuable parameters of milk productivity and 

improves the cheese yielding capacity (Trakovickáet al., 2012). This genotypes’ 

information could be used in artificial insemination programs to obtain a greater 

increase of the frequency of these alleles in cattle populations of commercial 

interest (Otavianoet al., 2005).Because of association of casein polymorphism with 

milk quality, technological properties and composition, genetic polymorphism of 

goat caseins has raised considerable research interest for scientists (Martin et al., 

2002). The variabilityof the caprine casein loci and variety of resulting haplotypes 

should be exploited in future molecular marker assisted selection (MAS) using 

specific breeding programs aiming to preserve biodiversity and to select goat 

genetic lines for specific protein production. 

 

4.5.1 Association of CSN3 Genotypes with Milk Composition  

 Total milk protein was noted higher in animals with the genotype 

AA in beetal (AA 2.63±1.04, AB 2.41 ±0.94 and BB 2.29± 1.03) but the situation 

was recorded reverse in DDP, where BB showed higher value for total milk protein 

but this difference was not found statistically significant (AA2.251±1.04,  AB 2.43 

±0.94,  and BB 2.64±1.04, p= 0.17). Similarly Whey protein was recorded higher 

in AA genotype as compared to the other two in beetal but situation is found again 

reverse for DDP. For CSCN Genotype AA mean whey protein 0.39 ±0.20 was 
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 Table 4.9: csn3 genotype and allele frequencies (beetal) 

 

 

 p-Value> 0.05 Non-significant (n.s) 

 p-Value< 0.05 Significant 

 p-Value< 0.05 = * 

 p-Value< 0.01 = ** 

 p-Value< 0.001 = *** 

 p-Value< 0.0001 = **** 

 

 

 

 Genotypes  Frequency  p-Value 

AA  0.10 

0.087
n.s

 AB  0.52 

BB  0.38 

Alleles     

A  0.36 

<.0001
****

 

B  0.64 
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 Table 4.10: csn3 genotype and allele frequencies (ddp) 

 Genotypes  Frequency  p-Value  

AA  0.17 

 AB  0.55 0.129
n.s

 

BB  0.29    

Alleles  

0.0002
***

 

A  0.44 

B  0.56 

 

 p-Value> 0.05 Non-significant (n.s) 

 p-Value< 0.05 Significant 

 p-Value< 0.05 = * 

 p-Value< 0.01 = ** 

 p-Value< 0.001 = *** 

 p-Value< 0.0001 = ****  
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Table 4.11: Comparison of csn3 a and b alleles frequency distribution 

 among beetal and ddp goats 

Goat Breeds A B p-Value 

Beetal 0.36 0.64 

0.02
*
 DDP 0.44 0.56 

 

 p-Value> 0.05 Non-significant (n.s) 

 p-Value< 0.05 Significant 

 p-Value< 0.05 = * 

 p-Value< 0.01 = ** 

 p-Value< 0.001 = *** 

 p-Value< 0.0001 = ****
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Figure 4.4: CSN3 PCR product: 558bp 
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Figure 4.5.1: HaeIII based CSN3 RFLP 

 

 

 

Figure 4.5.2: Alw441 based CSN3 RFLP 

481 bp 

77bp 
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recorded while for AB and BB the values were  0.35 ±0.184 and 0.32 ±0.199 

respectively was recorded but for DDP the mean Whey value for AA was 0.345 

±0.20, AB 0.36 ±0.197 and for BB 0.37 ±0.18 was recorded but the results was not 

found statistically significant (p>0.05). Similarly Casein protein and total fat 

content does not show any significant relationship with genotypes in both the 

breeds of goats. (P>0.005) table 4.12 and table 4.13. 

 

4.6 SEQUENCE ANALYSIS OF CSN3 EXON 4 

 Bidirectional sequence analysis of CSN3 in both goat breeds was carried 

out to identify thecorrect genotype variant. Nomenclature by Prinzenberget 

al.,2005 wasfollowed. It was observed that Beetal carries A genotype whereas, 

DDP carries D genotype variant of CNS3 gene. Haplotype was constructed on the 

basis of following nucleotide positions on CDS of CSN3 gene; 170, 245, 247, 274, 

284, 290, 298, 309, 384, 385, 471, 509, 550, 583 and 591 (Fig 4.6). Detailed 

sequence analyses of four randomly selected DNA samples from both breeds 

revealed five polymorphisms (Table 16). These include c.245T>C, c.247A>G, 

c.309G>A, c.471G>A and c.591T>C (Fig. 4.7, 4.8, 4.9, 4.10 and 4.11). One of 

these was a silent polymorphism (c.245T>C; Tyr, Y>Tyr, Y) whereas others were 

missense mutations which caused substitution of one amino acid for another. The 

missense mutations c.247A>G, c.309G>A, c.471G>A and c.591T>C led to the 

substitution of Glutamine (Gln, Q)> Arginine (Arg, R), Valine (Val, V)> Isoleucine 

(Ile, I),  Valine (Val, V)> Isoleucine (Ile, I) and Serine (Ser, S)>Proline (Pro, P). 

Genotype A which was found in Beetal corresponds to the protein variant A, 

whereas genotype D in Daera Din Panah corresponds to the protein variant B  

 (Table 17).
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Table 4.12: Association of csn3 genotypes with milk composition in beetal 

 

CSN3 Genotypes  

(Means ± SD) 

 

 

Milk Constituents AA AB BB p-Value 

Milk Yield 4.43 ±0.43 4.5 ±0.479 4.51±0.44 0.52
n.s

 

Total Milk Protein  2.63±1.04 2.41 ±0.94 2.29±1.03 0.25
n.s

 

Whey Protein  0.39 ±0.20 0.35 ±0.184 0.32 ±0.199 0.21
n.s

 

Casein Protein  2.2 ±0.86 2.05 ±0.788 1.9 ±0.87 0.29
n.s

 

Total Milk Fat  4.44 ±0.42 4.56 ±0.39 4.51 ±0.44 0.19
n.s

 

 

p-Value> 0.05 Non-significant (n.s) 

p-Value< 0.05 Significant 

p-Value< 0.05 = * 

p-Value< 0.01 = ** 

p-Value< 0.001 = *** 

p-Value< 0.0001 = **** 
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Table 4.13: Association of csn3 genotypes with milk composition in ddp 

 

CSN3 Genotypes  

(Means ± SD) 

 

 

Milk Constituents AA AB BB 

p-Value 

Milk Yield 4.5 ±0.38 4.52 ±0.449 4.40±0.512 0.27
n.s

 

Total Milk Protein  2.251±1.04 2.43 ±0.94 2.64±1.04 0.17
n.s

 

Whey Protein  0.345 ±0.20 0.36 ±0.197 0.37 ±0.18 0.79
n.s

 

Casein Protein  1.9 ±0.85 2.06 ±0.76 2.26 ±0.897 0.11
n.s

 

Total Milk Fat  4.5 ±0.38 4.56 ±0.38 4.45 ±0.47 0.26
n.s

 

 

p-Value> 0.05 Non-significant (n.s) 

p-Value< 0.05 Significant 

p-Value< 0.05 = * 

p-Value< 0.01 = ** 

p-Value< 0.001 = *** 

p-Value< 0.0001 = **** 
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Table4.14:  RFLP pattern of alw441 digestion forcsn3 genotypes (group 1  

 and group 2) 

Goat breeds RE Group1 Group 2 p value 

Beetal 

Alw44I 

0.84 0.16 <0.0001 

DDP 0.43 0.57 0.08 
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Protein variant B is found to be more economically beneficent in terms of cheese 

making properties and milk productive traits than the protein variant A. Pakistan is 

a developing country and it is, therefore, important for its economic growth to 

focus on profit oriented cattle farming. As evident from the phylogenetic studies 

carried out by Prinzenberget al., 2005, A genotype is ancestral as compared to D 

genotype (Fig. 4.12). Sequence analyses of all the remaining samples are in 

progress to draw a definitive conclusion (Table 4.15). 

 

4.7 CONCLUSIONS AND FUTURE PLANS 

 Major aims of present study were to investigate superior genetic markers 

for milk production and its qualitative traits in local goat breeds. Our results 

revealed higher allelic frequency of β-LGA allele. We found CSN3*A and CSN3*D 

genotype variants in Beetal and DDP, respectively. These alleles have been 

reported for positive relationship either with high milk protein content and 

technological properties of milk for dairy products manufactures. Keeping with 

different caprine breeds studied Worldwide for genetic polymorphisms of milk 

encoding genes, the frequencies of β-LG and CSN3 alleles in Beetal and DDP goat 

breeds not only show a common genetic pattern but also diversity at these genetic 

loci. Distribution of β-LG and CSN3 gene alleles in Beetal and DDP goat breeds 

could have been affected by selective breeding for better milk production and 

domestication. However a strong role of the genetic pool coming from randomly 

mating bucks and mothering goats to off-springs could likely have caused resulted 

in genetic drift.These primary studies will be a starting point for future studies 

planned with bigger Beetal and DDP goat populations to estimate exact frequencies 
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.Table 4.15:  Sequence analysis of csn3 exon 4 

 

S. No.  Genetic 

polymorphism  

Change in 

Codon  

Amino acid 

change  

Type of 

polymorphism  

1  c.245T>C  TAT>TAC  Tyr>Tyr  Silent  

2  c.247A>G  CAA>CGA  Gln>Arg Missense  

3  c.309G>A  GTT>ATT  Val>Ile  Missense  

4  c.471G>A  GTC>ATC  Val>Ile Missense  

5  c.591T>C TCT>CCT  Ser>Pro  Missense  
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Figure 4.6: Sequence alignment of CSN3 Exon 4 sequences of Beetal and DDP  

 along with the goat reference sequence NM_001285587.1 
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Figure 4.7: Sequence chromatogram showing missense mutation c.471G>A in Beetal 

 and DDP  
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Figure 4.8:        Sequence chromatogram showing missense mutation c.309G>A   in 

Beetal and DDP 
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Figure 4.9: Sequence chromatogram showing silent mutation c.245T>C and 

missense mutation c. 247A>G in Beetal and DDP 
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Figure 4.10: Sequence chromatogram showing missense mutation c.591T>C in 

Beetal and DDP 
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Table 4.16:     Detailed sequence analysis of CSN3 
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61

Prinzenberg et al., 2005

 

Figure 4.11:  Position of beetal and DDP goat breeds based on CaprineCSN3 

  sequence phylogenetic tree by Prinzenberget al., 2005 
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ofβ-LG and CSN3 alleles/genotypes. The inclusion of breeding animals (both male 

and females) in future studies will play a crucial role in the exploration of existing 

genetic pool of milk protein encoding genes and its diversity.  In addition, genetic 

polymorphisms in other casein genes will also be identified our studied dairy goat 

breeds.  

In conclusion, the goat genetic polymorphism studiesenable us to identify 

the favorable genotypes related to highest milk yields and other milk constituents 

like milk protein contents that are of most interest because of the direct 

relationships between milk quality composition and technological characteristic. 

The identified variants in β-LG and CSN3 could help in the identification/screening 

of superior dairy goat breeds based on either of the desired criterion such as milk 

protein, casein and fat contents. The information gained could be recommended 

during selection and breeding of animals with desired/superior milk protein 

encoding genetic isoforms that could play an important role for the genetic 

improvement of dairy goat breeds. The milk proteins based genetic markers could 

also be used for exploring phylogenetic relationships and evolution of local 

Pakistani goat breeds. 
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SUMMARY 

 

Milk composition is strongly influenced by polymorphisms in milk protein 

genes. The most common and extensively researched milk protein variants are 

whey protein β-LGand caseins (αs1, αs2, β, and κ) loci. Both β-LGκ-Casein 

(CSN3) strongly affects milk yield, protein and fat contents as well as 

manufacturing properties of raw milk. Keeping with the importance of β-LG and 

CSN3 as major markers of milk quality, genetic polymorphisms β-LG and CSN3 

lociwere explored in Beetal and DDP dairy goat breeds of Pakistan. The β-LG 

locus was found polymorphic in both goats, with two commonly reported alleles; A 

and B and three genotypes; AA, AB and BB. The β-LGA allele and genotype AB 

are found most prevalent in both goat breeds. In Beetal goats, β-LG AB genotype is 

found as strong indicator of high total milk protein and casein protein contents, 

whereas in DDP goat homozygous β-LG AA associated with higher milk protein 

contents and BB genotype with higher milk fat contents. At for CSN3 gene locus, 5 

variants were identified in exon 4 (four mis-sense and one silent). Based on 

comparison of exon IV sequences with existing caprine DNA database and 

proposed nomenclature, Beetal belonged to an ancient A genotype and A protein 

variant while DDP belonged to the more recent D genotype and B protein variant. 

The B protein variant of κ-Casein, prevalent in DDP goats, is reported 

economically beneficent in terms of cheese production. Based on the β-LG and 

CSN3 variants identified in Beetal and DDP goats could be used for the screening 

of dairy goat breeds superior in milk protein, casein and fat contents. The 

information gained could be further explored by the local dairy industries for 

quality products manufactured using goat milk. The milk proteins based genetic



95 

 

 

 

 markers could also be used for exploring phylogenetic relationships and evolution 

of local Pakistani goat breeds. 
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APPENDICES 

APPENDIX I 

0.1N NaOH 

NaOH          0.4g 

Distilled H2O         100ml 

 

REAGENT A (a:b:c  1:1:100) 

Sodium tartarate        2g 

Distilled H2O         100ml 

Cupric Sulphate        1g 

Distilled water                                  100ml 

Na2CO3           0.2g 

NaOH (0.1N)                                    100ml 

 

REAGENT B (1N) 

Phenol Reagent (Folin-Ciocalteu)           2ml 

Distilled H2O         2ml 

 

BOVINE SERUM ALBUMIN (BSA) 

BSA                                                         0.5mg 

Distilled H2O         5ml 
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APPENDIX II 

 

30 % ACRYLAMIDE/BIS         

Acrylamide         146.0 g 

N, N-Methylene- bis acrylamide       4.0 g 

Add distilled water to make volume upto 500 ml. Filter and store at 4 ˚C in the 

dark. Shelf life is 30 days. 

 

10 % AMMONIUM PERSULFATE (APS) w/v 

Ammonium persulfate                 100 mg 

Distilled water                   1.0 ml 

 

COMASSIE BLUE STAINING SOLUTION 

Coomassie R 250        2.5 g 

Methanol         800 ml 

Glacial acetic acid        230 ml 

Distilled water         1.25 L 

 

DESTAINING SOLUTION 

Methanol         450 ml 

Glacial acetic acid        100 ml 

Add distilled water to make volume upto 1000 ml. 

5x ELECTRODE (RUNNING) BUFFER, pH 8.3  

Tris base         45.0 g
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Glycine         216.0 g 

SDS          15.0 g 

Add distilled water to 3L. Store at 4˚C. Dilute 300 ml 5x stock with 1.2 L distilled 

water for one electrophoretic run.  

 

WORKING SAMPLE BUFFER  

Distilled water         3.0 ml 

0.5 M Tris-HCl, pH 6.8 buffer      1.0 ml 

Glycerol         1.6 ml 

10 % SDS         1.6 ml 

Β-mercaptoethanol        0.4 ml 

0.5 % (w/v) bromophenol blue (in water)     0.4 ml 

Dilute the sample at least 1:4 with sample buffer. Heat at 95 °C for 4 minutes. 

10 % SDS (SODIUM DODESYL SULFATE) 

SDS          10 g 

Distilled water         60 ml 

Distilled water to 100 ml. 

SEPARATING BUFFER (pH 8.8) 1.5 M 

Tris base         54.45 g 

Distilled water         150 ml 

Adjust to pH 8.8 with HCI. Distilled water to 300 ml. Store at 4 °C. 

SEPARATING GEL 12 %  

Distilled water         33.5 ml 
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30 % acrylamide/bis        40.0 ml 

1.5 M Tris-HCl pH 8.8       25.0 ml 

10 % (w/v) SDS                   1.0 ml 

10 % APS (fresh)                              500 ul 

TEMED                    50 ul 

Total volume         100 ml 

 

STACKING BUFFER (pH 6.8) 0.5 M 

Tris Base         6.0 g 

Distilled water 60 ml 

Adjust to pH 6.8 with HCI. Distilled water to 100 ml. Store at 4 °C. 

 

STACKING GEL 4.0 %  

Distilled water         6.1 ml 

30 % acrylamide/bis        1.3 ml 

0.5 M Tris-HCl, pH 6.8                  2.5 ml 

10 % (w/v) SDS        100 ul 

10 % APS (fresh)        50 ul 

TEMED         10 ul 

Total volume         10 ml 

 

 


