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CHAPTER 1 

INTRODUCTION 

 

Being an agricultural country, Pakistan is primarily dependent upon livestock for its 

economy. Role of animal sector is not only crucial for determining national GDP but also pivotal 

as provider of necessary items and their byproducts as milk, meat, hides, fibers, wool, leather, 

hairs, blood, bones, farmyard manure and eggs etc (Economic survey of Pakistan 2013-14). 

Along with these, it is also one of the chief means of draught power for cultivation and 

transportation. It has been estimated that species of livestock can give milk about 29.472 million 

tones and beef about 1.115 million tons annually (Economic survey of Pakistan 2013-14).  

Milk production has always been an area of major concern. Due to ever increasing 

demand of milk and milk products, there has always been a dire need to find reasonable solution 

of lower production potential of our dairy animals and poor quality of milk in terms of fat, 

protein and lactose content. In Pakistan, Buffalo and cattle are main livestock breeds contributing 

substantially to overall milk production of the region. But due to seasonality in breeding, hot 

climate, stress, fodder shortfalls and poor genetic potential of animals, milk production in the 

region is not up to the demand and quality of milk is also not up to the mark which makes it 

difficult in further milk processing industry. Previous efforts to improve the yield and quality of 

milk of our dairy animals have been limited to the selection of superior males through progeny 

testing program. This is an effective conventional method but is very time consuming. Selection 

of a bull through this method will take about ten years and cost per animals will be 50,000 USD. 
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In the era of modern technology, there is need to find some alternative, efficient and effective 

technique to raise the genetic potential of indigenous livestock species.  

Among different species of livestock, buffalo stands out as an efficient converter of poor 

quality roughages into highly valuable products as milk and meat. Buffalo contributes about 68% 

of total milk produced in Pakistan followed by contribution of cattle with 27% and 

sheep/goat/camel (5%) (Afzal, 2010). Along with increased overall production per animal, 

quality of buffalo milk is also an important factor making it the most preferred milch specie in 

Pakistan. Buffalo milk is a richer source of fat which is low in cholesterol. This also contains 

higher level of calcium as compared to the milk of other species (Han et al 2012). 

Pakistan is blessed with five sub-tropical breeds of river buffalo which are well 

domesticated in the region and best milch buffaloes of the world (Bilal and Sajid 2005). Out of 

these breeds, Nili-Ravi is well known for its high milk production potential and is also called as 

The Black Gold of Pakistan.  

Although Nili-Ravi buffaloes are the best dairy buffaloes in the world but there is 

substantial disparity in production potential of these animals, which have been judiciously 

exploited in past by selective breeding programs for higher yield and better quality. Although 

average milk production is about 2430 liters per lactation but some of the animals have been 

reported to have 3000-5000 liters of milk per lactation. Similarly average fat content of buffalo 

milk is about 8.0% but some of individuals have been found with butter fat %age more than 12. 

This variation of production strengthens the idea of genetic basis of this trait and paves the way 

towards identification of genetic basis of milk production that is ultimate solution to the 

improved milk quality and its better contribution towards national economy.  
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Asia has large buffalo population but productivity per unit of this versatile animals is 

very low and quality is also poor (Pasha and Hayat 2012). Main reason of this limitation is 

negligence in genetic exploration of this breed leading to ineffective breeding plans for future 

generations and ultimately lowering in production and reproduction traits. But since the last a 

few years, buffalo has become the animal of interest for the animal geneticists and molecular 

biologist. Many projects have been approved to improve the quality and yield of milk 

production. Present study was also a humble effort to analyze some of the candidate genes which 

have probable role in milk fat content, which is very desirable and demanding trait in Asian 

region. 

   Genetic framework of animals controls their structural and functional attributes and their 

production potentials either via single genes or by combined effect of multiple genes located at 

different loci. Therefore, variation in genetic make-up of dairy animals leads to variation in milk 

fat content even in the animals of same breed. In many regions of the world, techniques have 

been practiced in molecular genetics in combination with conventional animal breeding to 

improve animal breeding programmes, ensuing higher fat content due to better genetics. This 

approach is promising as it provides opportunity to determine animal potential even before the 

trait is phenotypically expressed. Valuable genetic markers have been identified in different 

breeds which are playing very important role in Marker Assisted Selection techniques.  

In Pakistan, most of the Governmental and institutional research activities are focused on 

classical and conventional breeding approaches. By means of these, substantial genetic 

improvement has been made in cattle but buffalo has not rewarded much like cattle. So there is 

need to bring together all conventional and modern genomic interventions to enhance production 

quality of this versatile animal. 
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Milk production is a polygenic trait and it is difficult to have knowledge about the total 

number of genes affecting this trait. Up till now more than 6000 genes have been reported 

influencing milk performance traits as milk yield, fat & protein yield, fat & protein %age 

(Meignanalakshmi and Nainar, 2009). Number of genes has also been reported to have their role 

in milk production traits as OXT, ACTB, CYHR1, GTP, growth hormone (GH), ITGB4BP, 

Prolectin (PRL), RPS23, POU1F1, RPS15, UXT, RAB11FIP1, DGAT1, CYP11B1, 

PPARGC1A, CYP2U1 etc (Jiang et al. 2010; Mullis, 2007; Svennersten- Sjaunja and Olsson 

2005; Li et al. 1990).    

 For the present study, three genes were selected which are candidate for different milk fat 

content. Cytochrome P-450, family1, subfamily-B, polypeptide-1 (CYP11b1) localizes to the 

endoplasmic reticulum and is responsible for controlling milk yield, fat %age and fat yield. This 

gene influences the production of cortisol, androgen function and ultimately the proliferation of 

milk gland cells (Brettes and Mathelin 2008).  Oxidized low density lipoprotein (lectin-like) 

receptor 1(OLR1) is also responsible for fat percentage and fat yield (Riaz et al. 2008). Khatib et 

al. (2006) also identified association of this gene with milk-fat yield and percentage. Stearoyl-

CoA desaturase (SCD) is also involved in milk fat percentage and fat yield. (Brettes and 

Mathelin 2008). SCD is a multifunctional complex enzyme important in the cellular biosynthesis 

of fatty acids. The present study is to investigate the association of these genes with milk fat 

content in dairy animals. 

 This study was conducted keeping in view the four main objectives. In first one, genetic 

analysis of candidate genes was performed through DNA sequence analysis by Sanger’s chain 

termination method. By using advanced bioinformatics software, genetic variation in Nili-Ravi 
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buffalo was identified, which was then associated with the milk fat content. To strengthen the 

association, milk profiling of these animals was also conducted to evaluate the production 

parameters like milk fat, protein, and lactose percentage in individual samples. This analysis 

covered the second objective of the study. According to third objective, PCR-RFLP (Restriction 

Fragment Length Polymorphism) was done for most significant markers in each gene to find 

their allelic and genotypic pattern in population. To achieve final objective of the study, 

proteomic model of respective proteins encoded by selected genes was predicted by homology 

modeling to evaluate the effect of non-synonymous mutations on final protein configuration.  

This study was an effort to understand the genetic basis of milk fat content. Buffalo was 

the target specie for this study and few associated markers were identified in this breed. This 

study is a first step towards the genetic exploration of Pakistani buffalo for milk fat content and 

leads us towards the new horizons of modern scientific interventions to exploit the dairy ability 

of this milch animal. Fusion of conventional and modern methodologies in animal breeding and 

selection would serve as a platform to enhance the milk quality of indigenous buffalo breeds of 

Pakistan. This study aids in our understanding regarding the identification of novel genes / 

proteins and their association with milk fat content. The results of this research provide baseline 

information to direct future research to enhance the milk quality and productivity of indigenous 

buffalo breeds. 
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CHAPTER-2 

REVIEW OF LITERATURE 

 

Pakistan is an agrarian country and its economy is mainly dependent on livestock as it is 

providing the basic necessities of human diet as milk, meat and eggs etc to the local population. 

Apart from providing the basic necessities of human diet it is also providing skin, hide, hair, 

manure, bones, fat, blood and traction power. Livestock is contributing about 55.4% to the total 

GDP (Economic Survey of Pakistan 2013-14). Annually the foreign earnings due to livestock are 

exceeding 35 billion rupees. As livestock is contributing a major part to the national economy of 

Pakistan, its role to the rural economy can be apprehended by the reality that about 30 – 35 

million of the total population of the rural areas are directly or indirectly related to livestock 

activities and consider it as their bread and butter. In every house, these livestock species can be 

seen and are primary source of income for a common man (Bilal and Ahmad 2004).  

According to an estimate, ruminants of Pakistan produced about 29.472 million tons of 

milk along with 1.21 million tons of beef and 0.801 million tons of mutton annually (Economic 

Survey of Pakistan 2013-14). Livestock is not only important in providing animal origin protein 

for human diet but are also involved in converting crop residues, agriculture by products and 

other wastes in to useful things that are consumed or used in different ways. Among livestock 

animals buffalo holds a unique place in Pakistan as it is an efficient converter of the low quality 

roughages into valuable entities as milk and meat. If these products and wastes are not converted 
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into useful commodities it would ultimately result in environmental pollution that is the main 

concern nowadays and efforts are being made to make the environment clean. 

 An overview of world buffalo 

The world population of buffalo has reached to 130 million (Economic Survey of 

Pakistan 2013-14). This increase in the population has been estimated about 91% between the 

years of 1961 to 2001. All over the world buffaloes are mainly found in the Asian countries like 

Pakistan, India, China, Philippines, Thailand, Burma, Indonesia, Egypt and Srilanka. Among 

these regions the water buffalo found in Indo Pak region are considered the best among the dairy 

animals of the world. The swamp type of buffalo mainly used for draft and meat purpose is 

found in the remaining regions of the world. Food & Drug Organization (Economic Survey of 

Pakistan 2013-14) has declared buffalo as an imperative but an undervalued asset as due to some 

limitations of its productive potential in terms of milk and meat that has not been well exploited.  

Types of buffalo  

Swamp buffalo is found in Far East region and is majorly used as a draft animal in fields. 

This buffalo has small size with solid body and straight horns. Mediterranean buffalo is mainly 

available in Italy, Turkey and in some parts of Russia. This buffalo is also of small size with 

production performance of 1400 – 1500 liters of milk in every lactation. In Europe the Italian 

buffalo cheese (Mozzarella) is mainly appreciated by the local population. The buffalo found in 

Iran, Iraq, Azerbaijan, Middle East and Egypt is a multipurpose animal and is mainly used for 

milk, meat and draught power in the fields. The buffalo found in Australia is feral type buffalo. 

This buffalo is found in the forests and is not yet domesticated. In South Asian and Far Eastern 

countries 96% of the total population of water buffalo in world is concentrated and is 
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contributing a major part to the agriculture economy of these countries. Water buffalo remains 

the major source of milk, meat and traction power in these countries despite of the changing 

agrarian patterns. In terms of total milk production, India is ranked number one in the world 

followed by Pakistan, China and Egypt. 

Buffalo: Major dairy animal of Pakistan 

In Pakistan, buffalo is contributing about 47% to the overall dairy animal population. 

Buffalo farming is the only means of income in majority of the poor rural and landless families. 

From the last two decades there has been increase awareness among the local farmers to develop 

dairy and meat industry of buffalo (Bilal et al. 2004). Due to increase in population the 

consumption of milk has also been increased but milk produced in the region is not enough to 

meet the growing demands of local population. Major cause for this decline is that the human 

population is increasing at an annual rate of about 3% but total production of milk is not 

increasing at the same rate. Although total milk production is increased, but this increase is 

horizontal not vertical. There are several reasons that can be the cause of low productivity per 

animal; some of the reasons include late maturity, shortage of fodder, high disease rate and poor 

planning for marketing and farming (Bilal and Ahmad 2004). The worth of milk is more than the 

collective worth of cotton and wheat while its value is about twice that of rice and sugar in the 

country (Bilal and Sajid 2005). 

Buffalo in Pakistan and South Asia 

In South Asia there are five major groups of buffalo breeds that include Murrah, Gujrati 

Utherpradesh, Central Indian and South Indian. Among these five groups, the Murrah group is 

considered as the best in terms of its milk and meat production. Members of this group are Nili, 
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Ravi, Nili-Ravi Kundi and Murrah. Among all these, Nili-Ravi buffalo is the best because of its 

dairy abilities (2200 liter per lactation) (Bilal and Ahmad 2004). Pakistan is privileged to be the 

home tract of one of the best breeds of buffalo i.e. Nili-Ravi and Kundi. These are mainly located 

near the canal areas of the country where there is surplus availability of fodder and crops for the 

animal. In Pakistan, buffalo is the major dairy animal followed by cattle, sheep/goat that is 

contributing a major part in the total milk production. In last few years, a considerable raise in 

total milk production of the region (13.2 to 29.5 Million tons) has been observed. This increase is 

primarily due to the increase in the total number of buffaloes, cattle, goat, and sheep. This 

increase has been observed because of implementation of recent husbandry practices by local 

farmers at a very inadequate scale. 

Trends in buffalo production 

Buffaloes are most important dairy animals in sub continent because of it’s high 

preferential for good milk quality as compared to the cow’s milk. This can be attributed the main 

reason of the increase in demand of the buffalo milk. Due to upgrading of economic 

infrastructure, industrialization and edification, demand of milk and related products has been 

increased especially in the main cities. Therefore the production system for buffaloes has also 

been modernized. Buffalo colonies have been developed in India and Pakistan. Bombay and 

Karachi are the major examples. Main purpose behind these modern ways of production system 

is to enhance the overall production of milk to meet the increasing demand of population.  

Breeds of buffalo in Pakistan  

  In Pakistan there are five main buffalo breeds that belong to the water buffalo group. 

These five breeds include Nili, Ravi, Nili-Ravi, Kundi and Azakheli. among these breeds, Nili-
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Ravi and Kundi are known for their better milk production potential and are contribute 

significantly to the overall milk production in Pakistan. Nili-Ravi was selected for present study. 

Nili-Ravi 

Initially Ravi and Nili were two different buffalo breeds but due to rigorous 

crossbreeding of two breeds these transformed into single breed now known as Nili-Ravi. Some 

representative animals of Ravi and Nili are still present in the rural areas of Punjab. The major 

habitat of the Nili Ravi breed is between the Sutlej and Ravi rivers of the Punjab province. The 

main areas of this breed are Sahiwal, Lahore, Multan, Faisalabad, Sheikhupura, Okara, 

Bahawalpur and Bahwalnagar. However due to its superior dairy potential, it is now found all 

over Pakistan and even imported by many other countries of the world. 

Nili Ravi has a huge and wedge shaped body with jet black color and has white patches 

on the muzzle, lower parts of the legs, fore head and tail switch. Due to these white markings, it 

is often termed as Panjkalian. They have small curly horns, wall eye and a large, strong udder.  

Productive potential 

Males get maturity at the age of 30 months and female at the age of 36 months. 

Maximum body weight of the males is about 550-650 Kg; while that of the females is 350-

450Kg. Milk yield of Nili-Ravi is 1850-2500 liters having more than 6% butter fat. Due to their 

notable milk production potential it is called as “The Black Gold of Asia”.  

Genetic Basis of Milk Production 

Milk production is a quantitative trait that determines the effect of multiple genes and 

environmental factors collectively. The genetic contribution of variation was calculated as 0.26, 
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0.24 and 0.36 for milk and fat yield along with percentage (Hashemi & Davoodi 2010) 

determined by the breeding programs based on this genetic variability. The ultimate goal is to 

concentrate on variants of all the possible positive genes in one animal in order to improve the 

genetic potential. Up till now, the selection has been on the basis of observable phenotypic 

characteristics and the application of refined statistical analyses. The evidence of continuous 

distribution of phenotypic measurements of individuals is that most of the characters are of 

quantitative nature of individuals belonging to a species.  

Milk production: a polygenic trait 

 Milk production is a polygenic trait and shows a pronounced variation among various 

breeds. (Riaz et al. 2008). Genetic, environmental and nutritional factors play a major role in 

expression of various mammary derived molecules that have role in production potential of 

animals (Brettes and Mathelin 2008). A number of potential candidate genes have been 

recognized that are involved in milk production. Some important genes involved in milk 

production are growth hormone (GH) (Sejrsen et al. 1986), POU domain, class 1, transcription 

factor 1 (POU1F1) (Cohen et al. 1996; Herr et al. 1988), Prolectin (PRL). These candidate genes 

have their role in number of signaling pathways that are significant for several developmental 

and physiological processes as pituitary gland development (Li et al. 1990; Mullis, 2007), 

mammary gland development and growth (Svennersten- Sjaunja and Olsson 2005), milk protein 

expression (Akers, 2006) milk production and secretion (Svennersten- Sjaunja and Olsson 2005; 

Liu et al. 1997). In addition to above mentioned genes number of other genes has also been 

reported that have their role in milk production traits as GAPD, ACTB, RPS9, ITGB4BP, 

MRPL39, GTP, RPS15, RPS23, DGAT1, UXT, CYP11B1, CYHR1, PPARGC1A, CYP2U1, 

RAB11FIP1 etc (Jiang et al. 2010).   
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Up till now more than 6000 genes have been reported that are controlling five milk yield 

and quality traits. These traits are MY (milk yield), FY (fat yield), PY (protein yield), FP (fat 

%age) and PP (protein %age) (Meignanalakshmi and Nainar 2009). Milk production genes exist 

in different genetic variants that encode proteins that are somewhat different chemically. Various 

investigators have focused on the association between certain genetic variants of milk proteins 

and yield traits, milk composition and technological properties of milk (Buchberger and Dova 

2000; Ogorevc et al. 2009). However, the allele-specific effects are very much dependent on 

genetic background (breed) and experimental model (single locus vs. multi locus effects). Many 

milk production genes have been identified so far and work is reported on DGAT1 (Bennewitz et 

al. 2004; Kaupe et al. 2007; Mai et al. 2010; Li et al. 2011), PRL (Boleckova et al. 2012), 

PPARGC1A (Li et al. 2011; Boleckova et al. 2012), CYP11B1 (Kaupe et al. 2007; Mai et al. 

2010; Boleckova et al.2012) in bovine milk. 

Conventional Ways to Improve Milk Production 

Milk production is a quantitative trait that determines the effect of multiple traits that 

determines the effect of multiple genes and environmental factors collectively. The genetic 

contribution of variation was calculated as 0.26, 0.24 and 0.36 for milk and fat yield and 

percentage respectively (Hashemi & Davoodi 2010). The breeding programs based on this 

genetic variability. The goal is to concentrate on variants of all the possible positive genes in one 

animal in order to improve its genetic potential. Up till now, the selection has been performed on 

the basis of observable phenotypic characters and the application of sophisticated statistical 

analyses. The evidence of continuous distribution of phenotypic measurements of individuals is 

that most of the characters are of quantitative nature of individuals belonging to a species. The 

infinitesimal model (Edriss et al. 2008) speculates an infinitesimal number of genes with small 
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effects to explain the genetic contribution on phenotypic variation. Such genes are called as 

polygenes. The polygene that could be traced by genetic markers is known as Quantitative trait 

loci (Geldermann, 1975).  

 For the last decade, due to the modernization in molecular genetics it has paved way for 

the detection of candidate genes or individual genes having considerable effects on economically 

important traits. Direct hunt for quantitative trait loci (QTL) has proposed candidate gene 

strategy (Tambasco et al. 2003). Variation at genetic level affects the phenotypic and 

physiological pathways affecting the breeding approach for enhancement of important traits in 

future (Supakorn, 2009).  Genetic markers that are related with the genes of interest can be 

searched by the direct application of molecular biology techniques. These techniques are used for 

identification of genetic variation at specific QTL and for the analysis of its relationship with 

production traits (Arendonk et al. 1994).  For genetic improvement, application of molecular 

genetics mainly relies on genotyping of individuals for specific loci. The usefulness of the 

candidate genes information in breeding program scan have the potential for significant 

enhancement of selection accuracy and selection differences (Missohou et al. 2006).  

Marker assisted selection 

Marker-assisted selection (MAS) uses information about these regions in livestock 

selection programs to identify individuals with favorable combinations of QTL (Davis and 

Denise 1998). So, Molecular marker-assisted selection (MAS) will first need detection of 

candidate genes linked with the traits of economic importance. Candidate genes are those with a 

potential relationship between a physiological or biochemical process and an economically 
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important trait, allows the identification of single nucleotide polymorphisms (SNPs) in genes 

likely to cause variation in a trait. 

 The studies of quantitative trait loci (QTL) are helpful in finding genes or markers that 

can be used through marker assisted selection (MAS) in breeding programs. The application of 

marker assisted selection has potential to increase the genetic gain rate in cases where traditional 

selection is less effective (Abdel-Azim and Freeman 2002; Spelman et al. 2001). Marker assisted 

selection could be helpful in shortening generation interval, increasing selection differentials and 

genetic gain. These goals could be achieved by using MAS for pre-selection of young candidate 

bulls prior to progeny testing (Mackinnon and Georges 1998). After the identification of a QTL, 

it is important to identify the families that are segregating for that particular QTL in breeding 

population. However, if a QTL is finely mapped with the closely linked markers that are in 

linkage disequilibrium with QTL, then this association between QTL alleles and linked 

haplotypes markers should hold over populations. And there is no need to re-establish this 

association for each family. So the selection for such type of QTL simplifies the implementation 

of MAS by selecting that QTL across population not for a specific family.  

 Detection of genes underlying QTL provides not only the most precise markers for 

marker assisted selection but also recognizes the important biochemical pathways that can be 

used for investigation as well as for their endogenous or exogenous exploitation. The whole 

genome of buffalo has been evaluated for QTL because of the presence of its dense genetic 

maps. The very first genome wide scan performed was of U.S Holstein population was published 

by George, 2007. After that many partial and full genome scans of a number of populations were 

published (Bovenhuis and Schrooten 2002; Spelman et al. 2001). Apart from the summary 
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provided by Bovenhuis and Schrooten 2002, no attempts have been made to assemble a 

consensus map of the QTL reported in different studies.  

Modern Interventions to improve milk production  

Modern approach in search of genetic factors responsible for different traits is the 

association study of those traits with a specific chromosomal position. These chromosomal 

positions may consist of one or more than one DNA markers. DNA marker alleles are 

transmitted to the next generation with that of the target gene. Due to linkage phenomena, 

recombination process becomes less frequent to occur. Restriction fragment length 

polymorphisms (RFLPs) are known to be the first DNA markers that were discovered (Botstein 

and Risch 2003). RFLPs are generated by SNPs that were very difficult to genotype in eighties. 

So at that time the markers in use were variable number tandem repeats (VNTRs) markers or 

minisatellites (Wyman and White 1980) and simple sequence repeats (SSR) markers or 

microsatellites (Litt and Luty 1989; Weber and May 1989). The number of tandem repeats for 

minisatellites and microsatellites could be up to 10-40 bp and 1-4 bp respectively. Single 

nucleotide polymorphisms (SNPs) are becoming more popular as DNA markers because of their 

relative high frequency rate, they are very stable having very low mutation rates and they can 

also be amplified using PCR for testing. On the other hand Microsatellites occur in form of 

multiple alleles with variable numbers of repeat units; in comparison to SNPs which are bi-allelic 

markers. 

DNA based technology 

 The advances in DNA-based technology in the last decades have made possible the 

identification of QTL, which have role in complex traits for example in dairy buffalo milk yield. 
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Traditional animal breeding programs mostly relies on phenotype and pedigree information. But 

the genetic evaluation performed through detected QTL provides a great potential to augment 

selection accuracies and expediting the genetic improvement of animal productivity. A large 

number of articles have been published under the heading of QTL detection for milk production 

traits, since the seminal work on QTL mapping performed by (Georges 2007). 

 Up till now, about 1,137 QTL have been reported for milk production traits through 

genome scan performed on the basis of marker-QTL linkage analyses 

(http://www.animalgenome.org/QTLdb/cattle.html, May 22, 2010). The limitations of  QTL 

mapping through linkage disequilibrium and/or linkage analysis (Meuwissen and Goddard 2001) 

based on well documented panels of low to moderate density markers previously (Goddard and 

Hayes 2009; Andersson and Georges 2004). In past decades only few strong candidate genes 

were identified that potentially effects the milk production and production traits or functionally 

confirmed by using findings of QTL linkage analyses and fine mapping studies. The examples of 

such candidate genes are DGAT1, OLR1, POU1F1, PPARGC1A and Prolactin gene.  

Mutations and polymorphisms 

Mutations are known as the differences that occur at the DNA level in an individual. 

These mutations can be rare or unique to that individual or for their family line. On the other 

hand polymorphisms are such type of differences that occurs at DNA level and are observed in 

many individuals at a specified frequency that is usually greater than or equal to 1% of the 

population. Polymorphisms at the beginning are considered as mutations, but if they become 

fixed in the population and reach at the specified frequency level, then they are called as 

polymorphisms. After the discovery of genome wide single nucleotide polymorphisms (SNPs) 
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panels, SNPs panels have been used for the detection and localization of QTL that are associated 

with complex traits in many species (Daw et al. 2005). This approach has also been a powerful 

and useful tool for the identification of casual mutations that are associated with economically 

important traits in livestock animals (Georges, 2007; Amills et al. 2005; Kaminski et al. 2008; 

Brym et al. 2004; Haegeman et al. 2003) as well as human diseases. 

 Due to large number of single nucleotide polymorphisms (SNPs) in a genome of an 

organism, it has paved way to genetic association studies method. In association studies 

generally allele frequency of a particular SNP belonging to unrelated case and control samples 

are compared (Carlson et al. 2004). After comparison a SNP that occurs at a higher incidence in 

cases as compared to controls can be shown to be significantly associated with that particular 

trait or phenotype. This association depends upon the sizes of panel and the measure of observed 

allele frequencies difference in panels. However, it’s not necessary for a SNP to be a causal 

variant that is found significantly associated with a phenotype according to statistical calculation, 

rather it could be that the observed SNP is in linkage disequilibrium (LD) with the causal 

variants (Carlson et al. 2004; Wang et al. 2005; Botstein and Risch 2003). Due to this the marker 

SNP or the causal SNP that is in linkage disequilibrium with the causal variants will be important 

for association studies and detection. Ideally all the SNPs identified in a genome should be used 

to perform the association studies but due to the presence of a large number of SNPs, it becomes 

impossible to genotype each SNP of the genome. Therefore, the knowledge of linkage 

disequilibrium and haplotypes structure (Patil et al. 2001) provides a cost effective way in order 

to reduce the number of SNPs by exploiting correlation between them. A large number of 

different algorithms have been proposed in order to choose a subset of SNPs which can capture 

all the other SNPs. Such type of subset of SNPs is called tag SNPs. 
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 Polymorphisms detected in growth hormone gene have been found to be associated with 

numerous production traits in cattle such as milk yield and its quality (Lagziel et al. 1996), 

carcass growth (Rocha et al. 1992, Unanian et al. 2000), carcass quality and composition (Schlee 

et al. 1994; Taylor et al. 1998). Genes coding for proteins of milk have been associated with milk 

yield and quality (Ron et al. 1994) and also for growth (Lin et al. 1992, Moody et al. 1996). 

Single nucleotide polymorphisms (SNPs) are becoming more important as markers as they are 

very stable having very low mutation rates and they can also be amplified using PCR for testing.  

 A critical prerequisite for coordinated gene expression is the specificity of sequence 

recognition by trans-acting factors. The classification of a large number of sequence specific 

DNA proteins could be done according to the presence of conserved protein domains such as 

zinc finger, helix turn helix, leucine zipper and helix loop helix motifs.  

Genome wide association studies  

  Most recently, genome wide association studies (GWAS) are becoming more practical in 

exploitation of genes associated with complex traits along with the maturity of SNP genotyping 

and genome sequencing technologies. In comparison to traditional QTL mapping strategy, 

genome wide association studies are beneficial both for detection of casual variants and for 

defining narrower genome regions harboring casual variants (Hirschhorn and Daly 2005). 

GWAS has become widely accepted approach for gene finding and for the identification of genes 

responsible for modest disease risks in human beings. But there are only few genomes wide 

association studies have been performed that mainly focused the identification of genes related to 

milk production traits (Andre, 2012).  
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 The ultimate goal is to use the marker assisted selection (MAS) for the improvement of 

genetic gain achieved by selection of higher accuracy on the estimation of an animal’s genetic 

gain. In order to search for QTL, candidate gene approach has been suggested while assuming 

that the genetic variations at genes that are affecting physiological pathways related to a 

phenotype would be more liable for the quantitative variation in that phenotype rather the genes 

or chromosomal regions selected by chance.  

 Focal animal species that can be used to perform all above mentioned advanced 

technologies are cattle. Genetic characterization and expression profiling of buffalo breeds is 

quite in its initial stages, as little is known about the genetic variability inbuffalo regarding 

different traits. Present study is unique in the sense that it will provide first report regarding 

genomic and proteomics of Nili-Ravi breed of Pakistan. The ultimate goal is to use the marker 

assisted selection (MAS) for the improvement of genetic gain achieved by selection of higher 

accuracy on the estimation of an animal’s genetic gain. In order to search for QTL, candidate 

gene approach has been suggested while assuming that the genetic variations at genes that are 

affecting physiological pathways related to a phenotype as well as expression of gene would be 

more liable for the quantitative variation in that phenotype rather the genes or chromosomal 

regions selected by chance.  

 Present study was designed based on candidate gene approach to genetically explore the 

local Nili-Ravi buffalo breed of Pakistan for milk quality traits specifically fat content. For the 

purpose of analysis three genes were selected. These were CYP11b1, OLR1 and SCD. 

Cytochrome P450, family 1, subfamily B, polypeptide 1 localizes to the endoplasmic reticulum 

and is responsible for controlling milk yield, fat %age and fat yield. Oxidized low density 

lipoprotein (lectin-like) receptor 1(LOX1) is also responsible for fat% age and fat yield (Riaz et 
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al. 2008; Khatib et al. 2006). Stearoyl-CoA desaturase is also involved in milk fat% age and fat 

yield. (Brettes and Mathelin  2008).  

CYP11b1 

Cytochrome P450s family 

The P450 enzymes involved in steroid hormone biosynthesis,are membrane-bound 

proteins associated with eitherthe mitochondrial membranes CYP11A, CYP11B1 and CYP11B2, 

or the endoplasmic reticulum (microsomal) CYP17, CYP19, and CYP21 (Payne and Hales 2004). 

These P450 enzymes are membersof a superfamily of heme-containing proteins foundin bacteria, 

fungi, plants, and animals (Payne and Hales 2004). They derivetheir name from the characteristic 

that, when complexedin vitro with exogenous CO, they absorb light maximallyat 450 nm (Payne 

and Hales 2004). In the biosynthesis of steroid hormones fromcholesterol, cytochrome P450 

enzymes catalyze the hydroxylationand cleavage of the steroid substrate. Theyfunction as 

monooxygenases utilizing reduced nicotinamideadenine dinucleotide phosphate (NADPH) as 

theelectron donor for the reduction of molecular oxygen. 

Function  

The CYP11B1 11β- hydroxylase encodes an enzyme steroid beta hydroxylase that is 

involved in the catalytic reaction converting 11-deoxycortisol to cortisol and 11- 

deoxycorticosterone to corticosterone in cattle (Lisurek and Bernhardt 2004; Boleckova et al. 

2012). Steroid hormones are very important physiological regulator and cortisol is one of the 

important hormones involved in lipogenesis and lipolysis that controls the fatty acid 

concentration in plasma and tissues (Bhathena, 2000). As CYP11B1 is playing very vital role in 

the energy metabolism so this is an important functional candidate gene for milk production 
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traits (Kaupe  et al. 2007). 11-Hydroxylase activity is also important to cardiovascular function. 

In the rare monogenic disorder of 11-hydroxylase deficiency, defective production of cortisol 

from 11-deoxycortisol leads to increased ACTH drive to the adrenal cortex. Conversion of 

deoxycorticosterone to corticosterone is also impaired and excess deoxycorticosterone causes 

hypertension, which can be severe (O’Connell et al. 2001). 

Chromosomal location  

The location of CYP11B1 gene in bovine is on the long (q) arm of chromosome 14 at 

position 12 (BTA14q12). More precisely, the CYP11B1 gene is located from base pair 1,302,902 

to 1,310,580 on chromosome 14. It resides on minus strand. 

Exons of CYP11BI 

It comprises of nine exons which encodes a protein of 503 amino acids. The 5’ Un-Translated 

Region (UTR) consist of about 2590 base pairs while the 3’ un-translated region consist of just 

about 5 base pairs. The nine exons of the gene are made up of 113, 197, 78, 166, 154, 203, 199, 

155 and 238 base pairs respectively. 

CYP11B1 in association with milk production traits 

Candidate genes for economically important traits are selected based upon previous 

linkage studies in cattle as well as biological functions in cattle and other species. In order to 

elucidate a residual QTL effect on proximal BTA14, having been discussed in recent 

publications (Bennewitz et al. 2004; Fisher and Spelman 2004), attention was focused on the 

CYP11B1 gene within the QTL region, which influences energy metabolism. It is involved in the 

production of cortisol, androgen function and ultimately the proliferation of milk gland cells 
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(Brettes and Mathelin 2008). The bovine CYP11B1 gene is positioned in chromosomal region 

BTA14q12 (Kaupe et al. 2004) near marker ILSTS039. This marker is associated with milk yield 

as well as with milk component yields (Wibowo et al. 2008).  

Recent publications indicate that genetic variations are present in milk production traits 

on proximal BTA14. In order to elucidate these QTL effects, Kaupe et al. (2007) conducted a 

study on animals from a German Holstein grand-daughter design. Genotyping was performed for 

CYP11B1 (V30A) and DGAT1 (K232A) variations. Allele Frequencies of maternal descent were 

determined for CYP11B1V and DGAT1K. Allele substitution effects were first calculated for 

both alleles in separate models and then in a joint model. From the joint analysis, CYP11B1V 

effects on fat content and protein content were positive. Effects on milk yield, fat yield, and 

protein yield were negative because milk volume and fat yield or protein yield are closely 

correlated. In the joint analysis, allele substitution effects of CYP11B1V and DGAT1K together 

explained more of the variation in milk production traits than DGAT1K alone. Whereas 

CYP11B1V had significant effects on SCS in the individual analysis, no significant effects were 

found in the joint analysis. Further significant effects were found for CYP11B1V and DGAT1K 

among 6 reproduction traits and 14 conformational traits. Another study represented that the 

bovine chromosome 14 has been extensively explored for quantitative trait loci (QTL) and 

CYP11B1 gene as a candidate gene for milk production traits. Wibowo et al. (2008) reviewed 

more than 40 investigations and anchored 126 QTL to the current genome assembly (Btau 4_0). 

Using this anchored QTL map, they observed that, in dairy cattle, the region spanning 0 – 10 Mb 

on BTA14 has the highest density QTL map with a total of 56 QTL, mainly for milk production 

traits. 
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Genome Wide Association studies for identifying the genetic variants in CYP11B1 

Genome-wide association studies (GWAS) was implemented to estimate genetic variants 

throughout the entire genome with the ultimate objective of identifying positional candidate 

genes for target traits.  In this aspect the successful screening of CYP11B1, for milk production 

traits in cattle, is a good example. Li et al. (2011) described that the completion of the bovine 

genome sequence assembly has facilitated the detection and mapping of these genetic markers in 

linkage disequilibrium (LD) with genes that subsidize to genetic variation in economically 

important traits. The available BovineSNP50 BeadChip provides a view to identify candidate 

genes that influence dairy milk production traits on the entire genome.   

Many positional and functional candidate genes were acknowledged for the milk 

production traits across the whole genome along with the verification of some candidate genes 

previously reported for milk production, e.g. DGAT1, PPARGC1A and CYP11B1, many new 

potential functional candidate genes were identified in their study. The screening of CYP11B1 

gene associated with milk production traits provides a reference tool for the current study. 

(Boleckova et al. 2012) assessed the allelic and genotypic frequencies of five DNA markers that 

are positional and functional candidates for milk production traits in Czech Fleckvieh cattle. One 

of these markers is in the CYP11B1 gene. They estimated the association of these markers with 

milk production traits and breeding values for milk production traits and also calculated linkage 

disequilibrium (LD) between two markers within the prolactin (PRL) gene. As part of their 

study, 505 Czech Fleckvieh cows were genotyped. The markers in proliferator-activated receptor 

gamma coactivator 1-alpha (PPARGC1A), secreted phosphoprotein (SPP1), cytochrome P450 

family 11 subfamily B hydroxylase (CYP11B1), and the two polymorphisms in the prolactin 

gene (PRL) showed confirmation of segregation in their study. They investigated the p.Val30Ala 
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polymorphism in the first exon of cytochrome P450 family 11 subfamily B hydroxylase 

(CYP11B1). The CYP11B1 polymorphism revealed positive associations with milk composition 

traits and breeding values for milk yield, milk fat, and protein traits. 

OLR1 

Milk being an essential consumer product in Pakistan, it contains carbohydrate (Lactose), 

fat, proteins, vitamins, minerals and enzymes. As milk is processed into cheese and other 

fermented products used in dairy industry the fat contents and composition of milk is very 

important according to consumer point of view. After protein fat is the second most important 

component of milk from economic point of view. Milk fat percentage is a quantitative trait that is 

controlled by the collective effect of multiple genes and environmental factors (Hashemi et al. 

2009). Fat is one of the major components of milk and is a key source of energy for the sucklers.  

Function   

The Oxidized low density lipoprotein receptor (OLR1) gene encodes a vascular 

endothelial cell-surface receptor OLR1 protein that binds, internalizes and degrades the oxidized 

forms of low-density lipoproteins (OLDL) (Sawamura et al. 1997). OLR1 removes aged and 

apoptotic cells from blood circulation (Oka et al. 1998). These sloughed off cells components are 

reutilized by the body tissues.  

Location of OLR1 gene 

The other names of this gene are BLOX1, LOX-1, bLOX-1, ox-LDL receptor 1, lectin-like 

oxidized LDL receptor 1 and lectin-type oxidized LDL receptor 1. This gene is located on the 

bovine chromosome number 5 and consists of 6 exons. The total length of this gene is 11306 bp.  
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OLR1 in association with milk production traits 

OLR1 is identified as a functional and positional candidate gene for milk-fat percentage 

and milk-fat yield (Khatib et al. 2006). Milk-fat composition is important for the nutritional 

value with regard to human health and the technological properties of milk fat for butter. 

Internalization of OLDL leads to a sequence of events that may result in endothelial dysfunction 

and atherosclerosis (Dunn et al. 2008). Oxidized lipids were also found to impair glucose 

metabolism and to influence lipid metabolism in the liver and mammary glands.  

Oxidized fat inhibits the expression of lipoprotein lipase and fatty acid transporter genes 

that causes a reduced uptake of fatty acids into mammary glands due to which the concentration 

of triacylglycerols in milk is reduced (Ringseis et al. 2007 and Liao et al. 2008). OLR1 as a 

protein important for OLDL metabolism may contribute to these effects. Whole genome scan 

revealed OLR1 gene as a candidate gene affecting milk composition traits. 2 SNPs identified in 

exon 4, 5 SNP in intron 4, and 1 in the 3′ untranslated region (UTR) at the positions 7,160, 

7,161, 7,278, 7,381, 7,409, 7,438, 7,512, and 8,232 (Khatib et al. 2006). Allele C of SNP 8,232 

in the 3′UTR had significant effects on fat yield and fat percentage, but SNP 7,160 and 7,161 in 

exon 4 had no significant effects. OLR1 expression was reduced in genotype AA individuals 

compared with CC and AC individuals, because A at position 8,232 may be the nucleotide 

causing decreased OLR1 expression. 

Khatib et al. (2006) detected several SNP in the coding regions of the OLR1 gene by 

reverse transcription PCR (RT-PCR) from samples of 50 animals. They extracted RNA from 

various bovine tissues, pooled, and used for RT-PCR amplification (Khatib et al. 2005). The 

primers OLR5 and OLR6 were used to amplify the total cDNA sequence of the gene and 
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sequencing of pooled genomic DNA samples showed 2 SNP in exon 4, 5 SNP in intron 4, and 1 

in the 3 untranslated region. Four intragenic haplotypes comprising SNP positions 7,160, 7,161, 

7,278, 7,381, 7,409, 7,438, 7,512, and 8,232 were inferred. Allele C of SNP 8,232 in the 3′UTR 

had significant effects on fat yield and fat percentage, but SNP 7,160 and 7,161 in exon 4 had no 

significant effects. They found OLR1 expression was reduced in genotype AA individuals 

compared with CC and AC individuals, because A at position 8,232 may be the nucleotide 

causing decreased OLR1 expression. 

Khatib et al. (2007) analyzed allele frequencies and association of OLR1 gene with milk 

traits in two populations. They had collected 910 Blood samples from the University of 

Wisconsin (UW) daughter design Holstein resource population and 773 milk samples of Brown 

Swiss animals from the Italian Brown Cattle Breeders Association. Then extracted the genomic 

DNA from blood and milk samples using standard procedures. Population was genotyped for 

three SNPs in OLR1 [7160C>T; 7161A>G; 8232C>A]. The frequencies of nucleotides at the 

SNP locations were 0.85 for g.7160C, 0.71 for g.7161A and 0.64 for g.8232C. Then four 

haplotypes were inferred in the UW resource population based on the genotypes of sires and 

their daughters. population  phenotypic data included estimated breeding values for milk yield, 

milk protein and fat yield, milk protein and fat percentages and somatic cell score 

(SCS).Analysis showed that OLR1 haplotypes were significantly associated with fat percentage 

(P=0.0015). Haplotype [C; A; C] was associated with a significant increase in fat percentage 

when compared with the other haplotypes. 
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SCD 

Stearoyl-Coenzyme A desaturase is an important lipogenic enzyme that catalyzes the 

biosynthesis of monounsaturated fatty acids (MUFA) from their saturated counterparts as well as 

the synthesis of conjugated linoleic acid (CLA) in mammary gland and adipose tissues of 

ruminant animals. During the biosynthesis of monounsaturated fatty acids (FAs), SCD played an 

important role as a rate limiting enzyme by insertion of a cis-double bond in the D9 position 

(between carbon number 9 and 10 atoms) of methylene-interrupted fatty acyl-CoA substrates. 

This oxidation reaction is catalyzed by SCD including cytochrome b5, NADP (H)-dependent 

cytochrome b5 reductase molecular oxygen. 

The CLA (conjugated linoleic acid) is a combined term for a series of conjugated dienoic 

positional and geometrical isomers of linoleic acid (C18:2) found mainly in milk fat and to a 

lesser extent in tissue fat. The bulk of the CLA in meat and dairy products is synthesized 

endogenously in ruminant animals through the action of the enzyme SCD or delta-9-desatuase on 

transvaccenic acid (TVA), an intermediate of rumen biohydrogenation of linoleic and linolenic 

acids (Griinari et al., 2000). Endogenous synthesis of CLA by SCD in mammary gland is 

estimated to account for up to 78 percent of the CLA in milk from cows on total mixed ration 

diets and for up to 91 percent of milk CLA from pasture-fed cows (Griinari et al. 2000; Corl et 

al. 2001).  

SCD in the endogenous synthesis of intramuscular fat 

In addition to milk fat regulation, the endogenous synthesis of intramuscular fat (IFA) is 

also regulated by stearoyl coenzyme A desaturase (SCD1) and diacylglycerol-acyl transferase 1 

(DGAT1) genes in cattle. The IMF is known as marble of meat.  
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Taniguchi et al. (2004) analyzed bovine SCD gene and reported three single nucleotide 

polymorphism (SNP) in open reading frame of exon 5, one out of these five carries an amino 

acid substitution of Ala (A) to Val (V) within the catalytically site of enzyme (Shanklin et al. 

1994). The dasaturase activity of SCD in the mammary gland is likely affected by genetics (Mele 

et al. 2007; Schennink et al. 2008; Kgwatalala at al. 2009). However, the effects of the Ala to 

Val SCD genotype on CLA production and its interactions with dietary fat concentration had not 

been extensively investigated. 
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Statement of Problem 
 

Keeping in view the functional assay and signaling pathway, it is hypothesized that 

CYP11b1, OLR1 and SCD might have a role in controlling milk yield and quality. Present study 

was designed to investigate the genetic effect of these candidate genes on milk fat yield (FY) and 

fat %age (FP).  

Following were the main objectives of present study: 

 

1. Genetic Analysis of candidate genes involved in milk fat content in Nili-Ravi buffalo. 

2. Identification of novel polymorphisms in candidate genes and validation of these markers 

by association studies. 

3. Restriction digestion to determine the genotype and allele frequency of significant 

markers. 

4. Prediction of valid proteomic model for respective proteins. 
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CHAPTER 3 

MATERILAS AND METHODS 

 

Present research was conducted to identify novel genetic variations in three candidate 

genes and find their effect on milk fat content. There were four main objectives of the study. 

Detailed description of protocols opted to achieve these objectives is as follow: 

 

Objective-1 

Genetic Analysis of candidate genes involved in milk fat content in Nili-Ravi buffalo 

 

To achieve this objective, three candidate genes OLR1, CYP11b1 and SCD were selected 

having potential role in milk fat content. For the purpose of genetic analysis, sequencing of these 

genes was performed using Sanger chain termination method. Sampling of milk for fat content 

was done at the end of first month of second lactation of the animal.  A total of 100 animals of 

Nili-Ravi buffalo were selected for genetic screening of animals to observe genetic variation. 

Two groups of high and low fat percentage were made for further blood collection. Primers for 

candidate genes were designed and after PCR amplification and elusion of PCR product, 

sequencing was performed. Sequences of two groups were compared and variations were 

identified. This work was carried out at Molecular Biology and Genomics Lab, Institute of 

Biochemistry & Biotechnology, University of Veterinary and Animal Sciences Lahore.  
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Sampling areas: 

A total of 100 Nili-Ravi buffaloes from different Government farms (Buffalo Research 

Institute, Pattoki and LES, Bahadur nagar, Okara, Buffalo Colony, Karachi) were selected for 

present study.  

 

 

 

 

Fig-3.1: Home Tract of Nili-Ravi Buffalo: Home track of Nili-Ravi is around the Ravi river. 
Lahore, Faisalabad, Okarha and Sahiwal are among the regions of high buffalo population. 
(http://en.wikipedia.org/wiki/Sahiwal_cattle)  
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Fig-3.2: Male & Female animal of Nili-Ravi buffalo breed of Pakistan. (www.dairyfarmguide.com) 

Blood Sampling 

10 ml blood was collected aseptically from the Jugular vein of each selected animal into 50 ml 

falcon tubes containing 200 µl Ethylenediamine tetra-acetic acid (0.5 M EDTA).  

Sample Storage 

Field blood samples were placed on ice immediately after their collection and brought to the 

Molecular Biology and Genomics Laboratory and stored temporarily in freezer at -20°C before 

DNA extraction.  

Nucleic acid extraction 

Inorganic extraction method by Sodium Chloride (NaCl) was performed on each of the blood 

samples; the whole process is as follows: 

 Blood was frozen at -70 °C for 20 -30 min or at -20 °C for 24 hrs before DNA extraction. 

 Before starting DNA extraction the blood samples were thawed to lyse red blood cells.  

 Added 30-35 ml of Tris EDTA buffer (Tris HCl 10mM, EDTA 2mM) in 5 ml blood. 

Mixed by inverting several times. (All centrifugations in subsequent steps were 

performed at 20oC) 

 Centrifuged at 3000 rpm for 20 min. 
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  Discarded 15-20 ml supernatant. Break the pellet formed at the bottom by tapping it 

gently. Add TE buffer up to 45ml. 

 Repeated step # 4 & 5, until pallet becomes light pink. 

 Discarded the supernatant leaving 0.5 ml and re-suspended pellet in 6ml Buffer TNE 

(Tris HCL 10mM, EDTA 2mM, NaCl 400mM) for 5 ml initial blood volume. Added 

100l 10% SDS and 25 l proteinase K (50 l of 10µg/ul conc.). 

 Incubated the samples overnight in 37°C shaker. 

 Checked complete digestion of the pellet after overnight incubation. In case pellet was 

not completely digested added Proteinase-K, according to the amount of undigested 

pellet. Again incubated at 37oC for 2-3 hours or till the pellet is completely digested. 

  Placed the tubes on ice and added 01 ml-saturated NaCl (6M). Shaked the tube 

vigorously and placed on ice again for 10-15 min. 

 Centrifuged at 3000rpm for 10min. Protein impurities were seperated in the form of a 

pellet. 

 Carefully took the supernatant with the help of 1ml pipette in a properly labeled 50ml 

falcon tube. 

 Added equal volume of Isopropanol and inverted the tubes gently till DNA was visible. 

 Left the tubes at room temperature for 10 minutes. 

 Centrifuged at 3000 rpm for 5 minutes. 

 Discarded supernatant carefully. 

 Washed DNA pellet with 10 ml 70% ethanol. 

 Centrifuged at 3000 rpm for 5 minutes. 

 Discarded 70% ethanol. 

 Air dried the DNA pellet at 37C in an incubator or at room temperature. 
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 Added 1 ml low T.E. (Tris HCl 10 ml, EDTA 0.2mM). 

 Placed the tubes in 37°C incubator shaker overnight to dissolve the DNA. Wrapped strips 

of Parafilm around the caps of the tubes. 

 Placed the tubes in a shaking water bath at 70°C for 1 hour to inactivate nucleases. 

 Tubes were cooled to room temperature. 

 Spinned briefly. 

 DNA was stored at –20oC. 

DNA Quantification 

For the quantification and quality of DNA, 0.8 % Agarose gel was prepared by boiling 

0.8 g of Agarose in 100ml of 1X TAE buffer. As the temperature of gel solution reduced to 

approximately 55°C, Ethidium bromide (Conc.10mg/ml) was added 5 μl/100 ml of gel solution. 

Melted agarose was poured into gel casting tray with two comb (20 wells) positioned 

appropriately. When the gel got solidified, it was transferred to electrophoresis tank filled with 

1X TAE buffer. 

 

Fig-3.3: DNA estimation by Gel Electrophoresis 

The level of buffer was kept at least 1 cm above the gel. The wells were carefully loaded 

with 5.0 μl DNA mixed with 3.0 μl 3X Bromophenol blue (gel loading dye). Standard DNA/ 

DNA ladder was also loaded along with the DNA samples. Electrophoresis was carried out at 
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100V for 30-60 min. On completion of electrophoresis, the gel was visualized under UV 

transilluminator (Bio-Rad) and quality of extracted DNA was estimated. DNA appeared as single 

compact pink fluorescent band free from degradation.  

 
                                                              

Fig-3.4: Nanodrop 

Then for quantification of DNA in sample, Nanodrop was used. On the basis of 

quantification, all samples were brought at same concentration level i.e.50 ng/ul.       

Milk Analysis 

 Milk samples from these animals were also collected. Samples collected from Buffalo 

Colony, Karachi were analyzed in the adjacent laboratory where milk fat %age was calculated. 

Samples collected from BRI, Pattoki and LES, Bahadurnagar were analyzed in Quality 

Operational Laboratory, University of Veterinary and Animal Sciences, Lahore. On the basis of 

this profiling, animals were categorized in two groups. Group-1 was having individuals with 

more than 7.0 fat % age and group-2 was carrying individuals with less than 7.0 fat %age.  
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Primers Designing and Synthesis:  

The specific primers for exonic region of selected genes were designed by using software 

Primer3 (http://frodo.wi.mit.edu/) from corresponding sequences reported on NCBI database 

(www.ncbi.nlm.nih.gov/). Then In-Silico Polymerase Chain Reaction was conducted on 

database to evaluate the specificity of primer sets. Following is the description of selected 

candidate genes: 

Genetic Analysis of CYP11b1 gene 

CYP11B1 gene (also named P450c11) in bovine is sub localized to the centromeric 

region of bovine chromosome 14 (BTA14q12).  

 

 

 

 

Fig-3.5: CYP11b1 gene 

 

More specifically, the CYP11B1 gene resides on minus strand. Its reference sequence 

length is about 7.679 kilo base pairs. It comprises of nine exons and eight introns. Primers were 

designed against the coding region of the gene using Primer3 software (http://frodo.wi.mit.edu/). 

Eight sets of primers were designed for CYP11b1. The range and length of each comprising exon 

is described here: 
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Table-3.1: List of Primers of CYP11B1 gene 

Serial 

No. 
Primer Name 5’-3’ Sequence Product Size

1 CYP F1 AGGCTTCCTGGTCTGG 
497 

2 CYP R1 CCCTCCCTACCCCTTT 

3 CYP F2 AGCACAGAACGCAGACC 

457 

4 CYP R2 AGGAAGTCGAGCCCTTG 

5 CYP F3 TGTCTGGCTGGTTTCACT 
400 

6 CYP R3 ACTAAGGTGCTGGCTGTG 

7 CYP F4 GGAGTCTGACCCTGGACATC 

461 

8 CYP R4 ACCATAACGAAGCCACAAGC 

9 CYP F5 AGGACGTGGAGAATTGG 

376 

10 CYP R5 AGCTGGAGGCATAGATTG 

11 CYP F6 CGGAGTGGAGGGACATGG 
300 

12 CYP R6 GTCAAGCCCAGCAAGAGG 

13 CYP F7 TAGCAGCAGTAGCAGCAGGA 

563 

14 CYP R7 GACAGAGGCAGGGTTCCAC 

15 CYP F8 CTGCACCATGTGAGTGG 
335 

16 CYP R8 GGGCCTGTAGGAGAAAGA 
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Genetic Analysis of OLR1 gene 

 

Fig-3.6: OLR1 gene 

Other names of this gene are BLOX1, LOX-1, bLOX-1, ox-LDL receptor 1, lectin-like 

oxidized LDL receptor 1 and lectin-type oxidized LDL receptor 1. This gene is located on the 

bovine chromosome number 5 and organised in 6 exons. The total length of this gene is 11306 

bp. OLR1 recognized as a functional and positional candidate gene for milk fat percentage and 

milk fat yield. A total of 9 sets of primers were designed for this gene. Sequence of the primers is 

given in the table below: 

 

Table-3.2: List of Primers of OLR1 gene 

Sr# 
Primer 
Name 

Primer 
Length 

Product 

Size 

Primer Sequence 

(5’-3’) 

1 OLR1 F1 24 

  385 
 CACAGATTCACCACTTTCCCTTCC

2 OLR1 R1 21 CCACACCCAGGCATTGTAGTT 

3 OLR1 F2 20  

465 

GATATTGAATCCCAGCTCCT 

4 OLR1 R2 20 CATCTTCCCATTCACTCCTA 

5 OLR1 F3 19  

508 

GTTGGGTTGATTTGTTGTC 

6 OLR1 R3 21 GGACCTCTAATGTAGAACCTG 

7 OLR1 F4 20  

490 

AGTCTGGGTGTAATTCTGAC 

8 OLR1 R4 20 CTTTACAGCGATGTCTAGTG 
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Genetic Analysis of SCD gene 

 Bovine Stearoyl CoA desaturase (SCD) gene is positioned to chromosome number 26 at 

site 26q21. The bovine SCD has a size of 17 kb approximately, consisting of five introns and six 

exon (GeneBank accession no. AY241932) and contains open reading frame of 1,080 

nucleotides. 

 

Fig-3.7: SCD gene 

Six pair of primers were designed to amplify all exons (exons 1–6) and their partial 

flanking intronic sequences based on the reference sequence of the bovine SCD gene (GenBank 

accession no. AY241932) with Primer3 web Program (v.0.4.0) in order to identify SNPs. These 

9 OLR1 F5 19  

390 

GCTCCACTAGACATCGCTG 

10 OLR1 R5 20 CAGTGAGAAGCCCACACATC 

11 OLR1  F6a 21 

      512 
CCAACTCTCTCACACAAGGAC 

12 OLR1  R6a 20 GGACTTGGAACAAGTTAGGG 

13 OLR1  F6b 20  

497 

GGATCTGGAGGAAAAGAAGG 

14 OLR1  R6b 18 GCAAAGGCAATGTAGTGA 

15 OLR1  F6c 19  

453 

CCTAACTCAAGGTCACAGC 

16 OLR1  R6c 19 GGACAAGCCAATTTAAGAC 

17 OLR1  F6d 19  

574 

CTTGGAATCACATGGTAGT 

18 OLR1  R6d 21 GAGATTCTAGTCCATGAAATC 



 

40 
 

primers were blast against the whole genome to check nonspecific binding at any other loci. 

Primer specificity was also checked by using UCSC genome browser (http://genome.ucsc.edu) in 

silio PCR (http://genome.uscs.edu/cgi-bin/hgPer). The primer products were also crossed check 

by using BLAT. 

Table-3.3: List of Primers of SCD gene 

Sr. 

No. Primer Name 5’-3’ Sequence Product Size 

1 
SCD F1 GTTGGCAACGAATAAAAGAGG 

384 
SCD R2 CGCGGTGATCTCAACTCTTC 

2 
SCD F2 GGACCGGGTCTATGCCTATC 

552 
SCD R2 CCATCCAGCCTCTCAGGAC 

3 
SCD F3 GTTCCCTGGGACTCCTAAGC 

499 
SCD R3 CCGGAACTTAACCACAAGGA 

4 
SCD F4 GGCAACTCCATGACTTCTCC 

594 
SCD R4 CATGACCGTCCTAGGTCAAC 

5 
SCD F5 CCCATTCGCTCTTGTTCTGT 

400 
SCD R5 CGTGGTCTTGCTGTGGACT 

6 
SCD F6 GCCTCTGAGGGGATCTATTTG 

543 
SCD R6 AGGCAGAGTTGTTGGCTTTC 

 

PCR Optimization 

In the process of optimization of primers, multiple options for the PCR reaction mix and PCR 

cyclic conditions were tried with two objectives: 
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 To get maximum amplification. 

 To get amplification by using minimum volume of chemicals. 

In PCR reaction mixture, by changing the volume of MgCl2, Deoxynucleotide triphosphate 

(dNTPs) and Taq Polymerase, amplification was enhanced.  

General PCR reaction mixture composition has been mentioned in tables below: 

 Table -3.4: PCR Reaction Composition  

Reagents Volume  (µl) 

DNA (50 ng/ul) 2.0 

PCR Buffer (2mM) 2.0 

Primers (10pMol) 
Forward Reverse 

0.6 0.6 

dNTPs (25mM) 2.0 

MgCl2 2.0 

Taq Polymerase 
(5U/μl) 

0.15 

Water 15.65 

Total Vol. 25 μl 

 

PCR Amplification 

All forward and reverse primers were amplified on 50 DNA samples of Nili-Ravi 

Buffalo. PCR was carried out in four steps. First step was initial denaturing at 950C for 4 

minutes. Second step comprised of 35 cycles each for 30 sec. at 940 C for denaturation, 45 

seconds at annealing temperature (64-54°C) for primer annealing and 1 min at 720 C for 

extension. Third step was final extension for 10 min at 720 C and fourth step was maintaining the 

final temperature at 40C until the collection of PCR products from thermocycler. 
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Gel Electrophoresis:  

Agarose Gel Electrophoresis was used to confirm the PCR Amplification. Gel 

Electrophoresis is the process in which substances of different charges and molecular weight are 

separated using electric field. These differences result in traveling different distances through 

agarose gels on the basis of size of fragment. 

To check the PCR product 1.2% gel was prepared by boiling 1.2 g of agarose in 100 ml 

of 1X TAE buffer (Tris, Glacial Acetic Acid and EDTA) in the microwave until agarose 

completely dissolved in buffer. The Ethidium Bromide stains the DNA allowing bands to be 

viewed under ultra-violet (UV) light. Then 8 μL of Ethidium Bromide (conc. 10mg/ml) was 

mixed into gel solution as its temperature decreased up to 55°C approximately. Gel was poured 

in a dual comb caster and left to set for half an hour. The gel was then placed in the 

electrophoresis tank and filled with 1X TAE Buffer. Before the PCR products were loaded to the 

wells of gel plate, tracking dye Bromophenol blue (3X) was added to them so the distance 

traveled on the plate could be seen easily. To each row of well 2μl PCR product with 3μl of 

Loading Dye 3X was loaded.  

1μl of molecular weight marker (DNA ladder of 100bp) was added to the first and central 

well of each row to indicate the base pair length. Initially a charge of 80 volts was passed though 

the gel for 5 minutes until the product came out of the wells, then voltage was increased to 100 

for 30 minutes. This causes the negatively charged DNA to travel towards the positively charged 

electrode. The gel was then viewed under UV light in Gel documentation system (Bio Rad) and 

saved the photograph. 
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Fig-3.8: Elusion of PCR product 

Sequencing the PCR products 

After the elusion, PCR products were sequenced. Multiple amplifications from the 

original samples were done to minimize the possibility of identifying PCR-induced mutations. 

Sequencing was done on the principle of Sanger’s Chain Termination.  

 

 

Objective-2 

Identification of novel polymorphisms in candidate genes and validation of these markers 

by association studies 

 

For the purpose of identification of genetic variation, sequences of the candidate genes 

were analyzed by using Bioinformatics software. Then identified polymorphisms were 

statistically analyzed for Hardy Weinberg Equilibrium and association with milk fat content. 

Identification of novel genetic variants 

For this purpose, DNA sequence alignment was performed by two ways. Firstly, 

sequence of Bos taurus was used as subject and sequencing results for Nili-Ravi were compared 
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as query. In second way, sequences of both groups were also aligned. Most of region in DNA of 

two study groups was with high similarity index (More than 95%).  While high variation was 

found on comparison of Bos taurus and buffalo sequences. Possible justification for this was 

buffalo to cattle variation. So only those single nucleotide polymorphisms were considered 

related with milk fat content that were identified in both types of alignments. All the sequences 

were aligned with the help of software blast2sequence. Different types of Single Nucleotide 

Polymorphisms (SNPs) were detected from the aligned sequences as base substitution, deletion 

and insertion. Detail of this analysis has been given in results. 

Population statistics of genetic variation 

 For this purpose, POPgene32 (http://www.ualberta.ca/~fyeh/faqs.html) was used. 

Significance of each polymorphism was calculated using Chi2 with level of significance 0.05. 

Single marker association with milk fat %age was performed by one way ANOVA by 

calculating means for each of the loci. Genotypic and allelic frequencies were also calculated 

from POPgene 32 software. 

Multilocus analysis of genetic variation 

 For the purpose of Multi Locus Analysis of combined effect of genetic variations, 

haplotypes for each gene were constructed. Association analysis of these haplotypes was 

performed using SHEsis (http://analysis.bio-x.cn/myAnalysis.php). Linkage disequilibrium was 

also calculated for each polymorphic locus. 
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Objective-3 

Restriction Digestion to determine the genotypic and allelic frequencies of significant 

markers 

After identification of some markers depicting near to significant association for each of 

the three genes, 50 more Nili-Ravi animals were screened at population level to determine the 

genotypic and allelic frequency of these markers. For this purpose, restriction digestion of PCR 

product was performed.  

 

C A P S 

 Cleaved Amplified Polymorphic Sequences (CAPS) was applied on the significant 

polymorphic sites.  A specific restriction enzyme was being selected to cut the region of 

polymorphism. Enzyme was applied after PCR amplification of the region of interest. Product 

was then read on Agarose gel. Complete protocol and selected restriction enzymes are given: 

 

1- CYP11b1 gene 

Targeted SNP was CYP-3 with probability of 0.000003. This was a non-synonymous 

mutation, causing substitution of Methionine to Arginine. Restriction enzyme was selected by 

using WatCut, an on-line tool for restriction digestion SNP-RFLP analysis 

(http://watcut.uwaterloo.ca/watcut/watcut/ template. php? act=snp_new). CviAII was selected to 

cut the desired mutation. There was no cutting if mutation was absent. Restriction map of this 

gene has been shown: 
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Fig-3.9: Restriction map for CYP11b1 

2- OLR1 gene 

 Targeted SNP was OLR-1 with probability of 0.0001. Restriction enzyme was 

selected by using WatCut, an on-line tool for restriction digestion SNP-RFLP analysis 

(http://watcut.uwaterloo.ca/watcut/watcut/ template. php? act=snp_new). AluI was selected to 

cut the desired mutation. There was no cutting if mutation was absent. Restriction map of this 

gene has been shown: 

    

Fig-3.10: Restriction map for OLR1 

3- SCD gene 

 Targeted SNP was SCD-7 with probability of 0.0001. Restriction enzyme was 

selected by using WatCut, an on-line tool for restriction digestion SNP-RFLP analysis 

(http://watcut.uwaterloo.ca/watcut/watcut/ template. php? act=snp_new). DdeI was selected to 

cut the desired mutation. There was no cutting if mutation was absent. Restriction map of this 

gene has been shown: 
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Fig-3.11: Restriction map for SCD 

Restriction digestion Protocol 

PCR products for Nili-Ravi buffalo were analyzed on agarose gel electrophoresis (1.2 %) 

and only good amplified products were selected for restriction digestion. Following recipe was 

used for the reaction mixture:  

 Table-3.5: Reaction recipe for restriction digestion 

 

 

 

 

 

 

Reaction was then placed on Hot Block at 37co for incubation for 8-16 hrs. After 

completion of incubation, samples were run on agarose gel electrophoresis (2.5 % of Agarose) 

with DNA size markers (100bp) and fragments were analyzed.  

Genotypic and Allelic Frequency 

 Genotypic and allelic frequency of the target polymorphism was calculated on the basis 

of data obtained from restriction digestion of the fragments. Soft ware used was POPgene32 

(http://www.ualberta.ca/~fyeh/faqs.html).  

Amplified Template 10μl 

Restriction buffer 2μl 

Restriction Enzyme 0.7μl 

H2O 17.3μl 
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Objective-4 

Prediction of valid proteomic model for respective proteins 

 

This last parameter was completed by using bioinformatics tools for CYP11b1, OLR1 and 

SCD protein structure prediction and analysis. Firstly, 3 dimensional protein structures was 

developed by swissModel (http://swissmodel. expasy.org) indicating all the mutations of the 

amino acid sequence. Standard models for protein were taken from RCSB-PDB 

(www.rcsb.org/pdb/ explore.do?structureId). Predicted and reported protein models were then 

analyzed for location of mutations and their possible role in function of that protein. For this 

purpose, PyMol (http://www.pymol.org), JMol (http:// jmol.sourceforge.net), Phyre 

(http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output), Scooby (http://www.ibi.vu.nl/programs/ 

scooby) and Predisi (http://www.predisi.de) were used. Results obtained were compared with 

some already reported dry lab experiments and some significant structural variations were found 

that might have a role in functionality of protein molecules of CYP11b1, OLR1 and SCD. 
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CHAPTER 4 

RESULTS 

 

 The present study was aimed to study the candidate genes as CYP11b1, OLR1 and SCD 

to identify the genetic variations that could be associated with milk quality (fat content) and can 

be used as genetic markers in selection and breeding of genetically superior animals. A total of 

100 animals of Nili-Ravi buffalo breed were included in present research. For initial screening of 

animals for genetic variation, a total of 50 samples of Nili-Ravi buffalo were sequenced for the 

candidate genes by using 23 sets of primers. Genetic variations were found and statistically 

analyzed. To find out existing genotypes of significant polymorphisms, restriction enzymes were 

being used and further 50 more animals were screened. Finally protein model for three proteins 

was determined. Objective wise description of results has been given below. 

In this study, three candidate genes were selected (OLR1, CYP11b1 and SCD) having 

potential role in milk fat content. For the purpose of genetic analysis, 50 animals were sequenced 

for coding region of these genes using Sanger chain termination method. The sequences of 

amplified fragments were aligned with the help of software blast2sequence and single nucleotide 

polymorphisms were identified. Then statistical analysis of these sites was done to calculate the 

probability using Chi2. Linkage disequilibrium and Hardy Weinberg equilibrium was also 

calculated. For the purpose of population genetics analysis, POPGENE32 was used. Association 

of these polymorphisms was done by one way ANOVA but no strong association was found. 

Some nearly significant polymorphisms were further scanned at population level (n=50) for 

genotypic and allele frequency. For this purpose, Cleaved Amplified Polymorphic Sequences 

(CAPS) was used and again no association could be found. Then haplotypes were constructed 
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and analyzed with the help of SHEsis. Finally 3 dimensional models for each protein were 

predicted using different soft ware. Objectives wise detailed description of these results has been 

given below for each of three genes. 

Objective-1 

Genetic Analysis of candidate genes involved in milk production traits in Nili-Ravi buffalo 

CYP11b1 gene 

Identification of SNPs 

In CYP11b1, a total of 7 variations were found and sequencing results for these have been 

given below:  

                

Wild Type     Mutations 

Fig-4.1: Sequences of CYP11b1 gene showing DNA sequence variation 

 

Analysis of the variable sites (SNPs) revealed only one of them A↔C was intronic.  

Remaining all were exonic and non-synonymous. The ratio of transition to transversion is 0.75:1. 

Change in amino acids have been mentioned in the table below: 
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Table-4.1: Polymorphic sites detected in the CYP11b1 region 

 

OLR1 gene 

Identification of SNPs 

 In OLR1 gene, a total of 15 polymorphisms were identified that are given below:  

 

Wild Type                                                      Mutations 

Fig-4.2: Sequences of OLR1 gene showing DNA sequence variation 

Out of these 15, four were intronic and remaining eleven were exonic. From these eleven, 

five were synonymous and were not changing any amino acid. Remaining six were non-

Sr. 
No 

SNP Position 
Wild 
type 

Mutation 
Transition/ 
Tranversion 

Amino acid Conversion 

1 
CYP-1 1310397 G A Transition Alanine to Valine  

2 
CYP-2 1310450 A C Transversion Intronic  

3 
CYP-3 1310462 G A Transition Methionine to Arginine  

4 
CYP-4 1310487 T G Transversion Tyrosine to Leucine  

5 
CYP-5 1310519 A G Transition Threonine to Asparagine  

6 
CYP-6 1308462 G T Transversion Threonine to Methionine  

7 
CYP-7 1308463 C A Transversion Alanine to Threonine  
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synonymous. Ratio of transition and transversion is 1.15:1. Changes in amino acid have been 

shown in the table below:  

Table-4.2: Polymorphic sites detected in the OLR1 region 

 

SCD gene 

In SCD gene, a total of nine polymorphisms were identified that are given below: 

             

Wild Type                                                  Mutations 

Fig-4.3: Sequences of SCD gene showing DNA sequence variation 
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Out of these nine, four were intronic and remaining five were exonic. From exonic 

polymorphisms, three were synonymous and two were non-synonymous. Ratio of transition and 

transversion is 2:1. Changes in amino acid have been shown in the table below:  

Table-4.3: Polymorphic sites detected in the SCD region 

 

Objective-2 

Identification of novel polymorphisms in candidate genes and validation of these markers 

by association studies 

 

 For this purpose, identified polymorphisms were analyzed by using statistical and 

bioinformatics soft ware. Detailed description of results has been given below: 

CYP11b1 gene 

Single Marker Analysis 

Further analysis of the data obtained was done by using bioinformatics soft ware POPGENE32 

(http://www.ualberta.ca/~fyeh). The distribution of alleles indicated that Dimorphic allele CYP-1 [P= 

0.134801>0.05] was non-significant and following the assumptions of the Hardy-Weinberg equilibrium 

indicating that the alleles were randomly distributed throughout the population, no migration had 

occurred, no bottlenecks happened and population remained large in numbers. This was the probable 

variation for association analysis. While for alleles CYP-2 [P= 0.0010<0.05], CYP-3 [P= 
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0.000083<0.05], CYP-4 [P= 0.0003<0.05],  CYP-5 [P= 0.00014<0.05],  CYP-6  [P= 0.01812<0.05] and 

CYP-7  [P= 0.00016<0.05] as probability value of Chi-square test was below 0.05 suggesting that 

population at these polymorphic sites was indicating significant deviations from Hardy-Weinberg 

equilibrium. This indicated that at these positions alleles were not equally distributed in population. These 

results have been mentioned in the table below. 

Table-4.4: Significance of all SNP Positions (Level of significance=0.05) 

SNPs P. value 

CYP-1 0.134801** 

CYP-2 0.0010* 

CYP-3 0.000083* 

CYP-4 0.0003* 

CYP-5 0.00014* 

CYP-6 0.01812* 

CYP-7 0.00016* 

 
*Significant 
**Non-significant 

 

Association analysis was performed by using one way ANOVA. By this method, mean of fat 

%age was calculated for each genotype. Level of significance was 0.05. Standard error was also 

calculated but no significant association could be identified. CYP-3 was having value near to 

0.05 which was 0.060839. This marker was further genotyped by PCR-RFLP but still could not 

be associated. So haplotypes were constructed and analyzed. 
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Table-4.5: Single marker association by One Way ANOVA 

Genetic 
Variations 

AA 
(Mean ± SE) 

AB 
(Mean ± SE) 

BB 
(Mean ± SE) 

P-value 
(0.05) 

CYP-1 
n=26 

7.58 ± 0.1497 
n=14 

7.05 ± 0.7136 
n=58 

8.88 ± 1.0575 
0.253261 

CYP-2 
n=56 

7.26±0.8841 
n=19 

6.3±0.8832 
n=24 

8.48±1.557 
0.469714 

CYP-3 
n=17 

6.06± 0.6765 
n=58 

8.3±1.4989 
n=24 

5.68±0.9521 
0.060839 

CYP-4 
n=51 

8.46±0.6969 
n=21 

6.3±0.5888 
n=26 

7.12±0.372 
0.063463 

CYP-5 
n=26 

6.86±0.3059 
n=19 

7.1±1.2275 
n=53 

8.52±0.8027 
0.306324 

CYP-6 
n=54 

6.86±1.1374 
n=06 

5.6±0.6758 
n=38 

8.92±0.6003 
0.218845  

CYP-7 
n=58 

8.66±0.8542 
n=06 

6.6±0.3512 
n=35 

7.12±0.2417 
0.070415 

 

Multi-Locus Analysis  

Single marker analysis of CYP11b1 provided the potential polymorphic sites for multi-

Locus analysis. For this purpose, SHEsis (http://analysis.bio-x.cn/myAnalysis.php) online free 

bioinformatics tool was used. Initially haplotypes were constructed on the basis of individual 

sequencing. A total of 9 haplotypes were being identified in the population. These have been 

given in following table: 

Table- 4.6: CYP11b1 Haplotypes of Nili-Ravi Buffalo Breed of Pakistan 

Haplotypes Animal ID Total animal

CYP-1 641, 601, 620 3 

CYP-2 609, 650, 748, 607, 708, 659, 769, 737, 673, 732, 647 11 

CYP-3 610, 628, 611, 669, 613, 622, 637 7 

CYP-4 605, 636 2 
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CYP-5 631, 649, 653, 646, 651, 652, 653  7 

CYP-6 632, 631, 616 3 

CYP-7 606, 701, 705, 709, 712, 713, 715 7 

CYP-8 604, 608, 612, 617 4 

CYP-9 675 1 

 

The results regarding Linkage Disequilibrium among different polymorphic sites in 

buffalo population have been mentioned in the table below: 

Table- 4.7: Linkage Disequilibria of Haplotypes 

[Locus Allele] - [Locus Allele] Burrows Correlation Chi2* Prob. 

[CYP-4       A  ] - [CYP-1     A  ] 0.0169 0.5000 14.50 0.0001 

[CYP-4       A  ] - [CYP-1     B  ] -0.0169 -0.5000 14.50 0.0001 

[CYP-4       B  ] - [CYP-1     B  ] 0.0169 0.5000 14.50 0.0001 

[CYP-7       A  ] - [CYP-5     A  ] 0.0166 0.3504 7.12 0.0076 

[CYP-7         A  ] - [CYP-5      B  ] -0.0166 -0.3504 7.12 0.0076 

[CYP-7         B  ] - [CYP-5       B  ] 0.0166 0.3504 7.12   0.0076 

[CYP-3       A  ] - [CYP-5      A  ] 0.1225 0.3533 7.24 0.0071 

[CYP-3        A  ] - [CYP-5       B  ] -0.1225 -0.3533 7.24 0.0071 

[CYP-3        B  ] - [CYP-5       B  ] 0.1225 0.3533 7.24   0.0071 

[CYP-2       A  ] - [CYP-4       A  ] 0.0166 0.3504 7.12 0.0076 

[CYP-2      A  ] - [CYP-4       B  ] -0.0166 -0.3504 7.12 0.0076 

[CYP-2      B  ] - [CYP-4       B  ] 0.0166 0.3504 7.12   0.0076 

 

The number of significant (P < 0.0500) linkage disequilibria (LD) = 12 
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 Association analysis was done and Haplotype no. 4 was found to have stronger positive 

association with milk fat %age. CYP-4 was having Odds Ratio 2.825 with 95% confidence 

interval. These results have been shown below: 

Table-4.8: SHEsis Analysis for Odd’s Ratio 

 

OLR1 gene 

Single Marker Analysis 

Results of single marker analysis depict the distribution of alleles indicated that Dimorphic allele 

OLR-5[P= 0.1306 >0.05] , OLR-6 [P= 0.0913>0.05], OLR-10 [P= 0.1014>0.05], OLR-11 [P= 

0.2403>0.05] and OLR-13 [P= 0.1410>0.05] were non-significant and following the assumptions of the 

Hardy-Weinberg equilibrium indicating that the alleles were randomly distributed throughout the 

population, no migration had occurred, no bottlenecks happened and population remained large in 

numbers. These were probable variation for association analysis. While for alleles OLR-1 [P= 

0.0001<0.05], OLR-2 [P= 0.0010<0.05], OLR-3 [P= 0.0005<0.05],  OLR-4 [P= 0.0013 <0.05],  OLR- 

Haplotypes Case(Freq) Control(Freq) Chi2 Fisher’s Pearson’s 
Odds Ratio 

[95%CI] 

CYP-1 9.97(0.106) 7.14(0.074) 0.443 0.505536 0.505522 1.410[0.511-3.890] 

CYP-2 5.00(0.053) 4.00(0.042) 0.091 0.762902 0.762893 1.231[0.318-4.761] 

CYP-3 2.00(0.021) 3.00(0.031) 0.235 0.627893 0.627895 0.640[0.104-3.938] 

CYP-4 27.00(0.287) 11.82(0.123) 0.078 0.006976 0.006969 2.825[1.307-6.105] 

CYP-5 5.00(0.053) 4.00(0.042) 0.091 0.762902 0.762893 1.231[0.318-4.761] 

CYP-6 1.00(0.011) 3.18(0.033) 1.007 0.315638 0.315576 0.298[0.043-2.039] 

CYP-7 4.00(0.043) 1.00(0.010) 0.003 0.224174 0.224096 4.049[0.621-26.393] 

CYP-8 2.00(0.021) 5.00(0.052) 1.429 0.231928 0.231851 0.374[0.070-1.987] 

CYP-9 2.00(0.021) 5.93(0.062) 2.161 0.141595 0.141520 0.311[0.061-1.596] 
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7[P= 0.0011<0.05], OLR-8 [P= 0.0010<0.05], OLR-9 [P= 0.0015<0.05], OLR-14 [P= 0.0021 <0.05], and 

OLR-15 [P= 0.0002 <0.05] as probability value of Chi-square test was below 0.05, suggesting that 

population at these polymorphic sites was indicating significant deviations from Hardy-Weinberg 

equilibrium. This indicated that at these positions alleles were not equally distributed in population. These 

results have been mentioned in the table below: 

Table- 4.9: Significance of all SNP Positions (Level of significance=0.05) 

 

SNP ID P. value 

OLR-1 0.0001 * 

OLR-2 0.0010 * 

OLR-3 0.0005 * 

OLR-4 0.0013 * 

OLR-5 0.1306 ** 

OLR-6 0.0913** 

OLR-7 0.0011* 

OLR-8 0.0010* 

OLR-9 0.0015* 

OLR-10 0.1014** 

OLR-11 0.2403** 

OLR-12 0.0000 

OLR-13 0.1410 ** 

OLR-14 0.0021 * 

OLR-15 0.0002 * 

 

*   Significant 
** Non-Significant 
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Association analysis was performed for each locus and results obtained from this analysis 

have been mentioned in the table below: 

Table-4.10: Single marker association by One Way ANOVA 

 

Genetic 
Variations 

AA 
(Mean ± SE) 

AB 
(Mean ± SE) 

BB 
(Mean ± SE) 

P-value 
(0.05) 

OLR-1 
n=26 

6.86± 0.7026 
n=19 

6.6± 0.3512 
n=53 

8.86± 0.8501 
0.054017  

OLR -2 
n=54 

8.66± 0.8183 
n=06 

6.1± 0.0816 
n=38 

7.46± 0.612 
0.054980 

OLR -3 
n=45 

9.66± 0.2638 
n=09 

8.1± 1.2138 
n=45 

8.26± 0.103 
0.181618 

OLR -4 
n=24 

7.66± 0.7277 
n=58 

9.1± 1.0033 
n=17 

6.46± 0.2731 
0.065420 

OLR -5 
n=21 

8.26± 0.5671 
n=54 

8.85± 1.2527 
n=25 

7.26± 0.3881 
0.351946 

OLR -6 
n=21 

9.26± 0.6794 
n=51 

6.35± 1.2659 
n=26 

8.06± 1.0328 
0.171322 

OLR -7 
n=22 

7.46± 0.16 
n=7 

8.6± 0.8888 
n=71 

9.26± 0.301 
0.085557 

OLR -8 
n= 8 

6.86± 0.4167 
n= 57 

8.6± 0.8888 
n= 35 

7.92± 0.8279 
0.278303 

OLR -9 
n= 78 

5.46± 0.6046 
n= 5 

7.35± 0.4113 
n= 18 

7.12± 0.6272 
0.078780 

OLR -10 
n= 35 

5.86± 0.3655 
n= 45 

7.35± 0.4113 
n= 20 

7.12± 0.6272 
0.114209 

OLR -11 
n= 38 

5.86± 0.3655 
n= 06 

6.6± 0.238 
n= 54 

7.92± 0.8974 
0.087217 

OLR -12 
n= 51 

6.66± 0.7935 
n= 26 

7.35± 0.877 
n= 21 

8.92± 0.4954 
0.108242 

OLR -13 
n= 06 

6.66± 0.7935 
n= 58 

8.1± 0.8406 
n= 35 

8.92± 0.4954 
0.106808 

OLR -14 
n= 6 

6.66± 0.7935 
n= 58 

6.1± 1.3687 
n= 36 

8.92± 0.4954 
0.098663 

OLR -15 
n= 6 

5.46± 0.6046 
n= 55 

4.6± 0.6758 
n= 39 

4.12± 0.2709 
0.215554 
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Multi-Locus Analysis  

Single marker analysis of OLR1 provided the potential polymorphic sites for multi-Locus 

analysis. For this purpose, SHEsis (http://analysis.bio-x.cn/myAnalysis.php) online free 

bioinformatics tool was used. Initially haplotypes were constructed on the basis of individual 

sequencing. A total of 14 haplotypes were being identified in the population. These have been 

given in following table: 

Table-4.11: OLR1 Haplotypes of Nili-Ravi Buffalo Breed of Pakistan 

Haplotypes Animal ID 
Total 

animal 

OLR-1 620, 632 2 

OLR-2 649, 653 2 

OLR-3 610, 628, 611 3 

OLR-4 605, 713, 716, 718, 719  5 

OLR-5 646, 731, 735, 746, 756 5 

OLR-6 636, 659 2 

OLR-7 606, P215, M3, P189, M27, 141, 62, 141, 268 9 

OLR-8 604, 269 2 

OLR-9 675, 703, 776 3 

OLR-10 769, 737, 673 3 

OLR-11 775 1 

OLR-12 609, 650, 748 3 

OLR-13 613, 622, 637 3 

OLR-14 699, 703 2 
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The results regarding Linkage Disequilibrium among different polymorphic sites in 

buffalo population have been mentioned in the table below: 

Table- 4.12: Linkage Disequilibria of Haplotypes 

 

[Locus Allele] - [Locus Allele] Burrows Correlation Chisq* Prob. 

[OLR-1   A  ] - [OLR-8       A  ] 0.1904 0.4132 4.27 0.0388 

[OLR-1    A  ] - [OLR-8       B  ] -0.1904 -0.4132 4.27 0.0388 

[OLR1     B  ] - [OLR- 8      B  ] 0.1904 0.4132 4.27 0.0388 

[OLR-9     A  ] - [OLR-14    A  ] 0.1904 0.4132 4.27 0.0388 

[OLR-9     A  ] - [OLR-14    B  ] -0.1904 -0.4132 4.27 0.0388 

[OLR-9      B  ] - [OLR-14    B  ] 0.1904 0.4132 4.27 0.0388 

[OLR-3      A  ] - [OLR-14   A  ] 0.2304 0.5000 6.25 0.0124 

[OLR-3      A  ] - [OLR-14   B  ] -0.2304 -0.5000 6.25 0.0124 

[OLR-3      B  ] - [OLR-14   B  ] 0.2304 0.5000 6.25 0.0124 

 

The number of significant (P < 0.0500) linkage disequilibria (LD) = 12 

 

 Association analysis was done and Haplotype no. 4 and 11 were found to have stronger 

positive association with milk fat %age. OLR-4 was having Odds Ratio 2.705 with 95% 

confidence interval. OLR-8 was having significant value for medium association as 0.099 with 

confidence interval of 95%. These results have been shown below: 
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Table- 4.13: SHEsis Analysis for Odd’s Ratio 

 

SCD gene 

Single Marker Analysis 

Results of single marker analysis depicted the distribution of alleles indicating that Dimorphic 

allele SCD-6 [P= 0.2016 >0.05] and SCD-9 [P= 0.0825>0.05] were non-significant and following the 

assumptions of the Hardy-Weinberg equilibrium indicating that the alleles were randomly distributed 

throughout the population, no migration had occurred, no bottlenecks happened and population remained 

large in numbers. These were probable variation for association analysis. While for alleles SCD-1 [P= 

0.0030 <0.05], SCD -2 [P= 0.0190 <0.05], SCD -3 [P= 0.0014 <0.05],  SCD-4 [P= 0.0013 <0.05],  SCD-

5 [P= 0.0052 <0.05], SCD -7 [P= 0.0001 <0.05] and SCD -8 [P= 0.0299 <0.05], as probability value of 

Chi-square test was below 0.05, suggesting that population at these polymorphic sites was indicating 

significant deviations from Hardy-Weinberg equilibrium. This indicated that at these positions alleles 

were not equally distributed in population. These results have been mentioned in the table below: 
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Table-4.14: Significance of all SNP Positions (Level of significance=0.05) 

SNP ID P. value 

SCD-1 0.0030 * 

SCD-2 0.0190 * 

SCD-3 0.0014 * 

SCD-4 0.0013 * 

SCD-5 0.0052 * 

SCD-6 0.2016 ** 

SCD-7 0.0001* 

SCD-8 0.0299 * 

SCD-9 0.0825** 

 
*   Significant 
** Non-Significant 

 

Association was performed by one way ANOVA and results indicated no significant association 

of these markers with milk fat %age. SCD-7 was having p-value = 0.065023, which was near to 

level of significance so was further screened (n=50) by PCR-RFLP. But still could not be associated. 

Results are given below: 

Table-4.15: Single marker association by One Way ANOVA 

Genetic 
Variations 

AA 
(Mean ± SE) 

AB 
(Mean ± SE) 

BB 
(Mean ± SE) 

P-value 
(0.05) 

SCD-1 
n=19 

5.46±0.6046 
n=26 

6.1±1.0985 
n=55 

4.12±0.2709 
0.154917 

SCD -2 
n=56 

6.26±1.0107 
n=38 

6.1±1.0985 
n=6 

4.12±0.2709 
0.170085 
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SCD -3 
n=9 

6.26±1.0107 
n=46 

6.1±1.0985 
n=45 

6.12±1.4538 
0.990059 

SCD -4 
n=24 

6.26±1.0107 
n=59 

4.6±0.6758 
n=17 

6.12±1.4538 
0.570952 

SCD -5 
n=21 

6.06±0.8588 
n=51 

9.35±0.1893 
n=28 

6.12±1.4538 
0.096742 

SCD -6 
n=53 

6.06± 0.8588 
n=19 

7.85± 1.5283 
n=28 

6.12± 1.4538 
0.581376 

SCD -7 
n=17 

6.06± 0.8588 
n=58 

8.85± 0.1893 
n=25 

5.32± 1.2496 
0.065023 

SCD -8 
n=38  

6.86± 1.309 
n= 56 

8.85± 0.1893 
n= 6 

5.32± 1.2496 
0.145350 

SCD -9 
n= 17 

7.46± 0.3544 
n=55  

5.1± 0.7789 
n= 28 

7.32± 1.312 
0.199951 

 

Multi-Locus Analysis  

Single marker analysis of SCD gene provided the potential polymorphic sites for multi-

Locus analysis. For this purpose, SHEsis (http://analysis.bio-x.cn/myAnalysis.php) online free 

bioinformatics tool was used. Initially haplotypes were constructed on the basis of individual 

sequencing. A total of 11 haplotypes were identified in the population of Nili-Ravi. These have 

been given in following table: 

Table-4.16: SCD Haplotypes of Nili-Ravi Buffalo Breed of Pakistan 

Haplotypes Animal ID Total animal

SCD-1 620, 632, 610, 628, 611 5 

SCD-2 605, 649, 653 2 

SCD-3 
776, 778, 789, 777, 784, 798, 767, 644, 643, 642, 

799, 717, 678, 699 
14 
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SCD-4 605, 646 2 

SCD-5 645, 701, 703, 713, 715, 717, 719, 721 8 

SCD-6 636, 639 2 

SCD-7 606,141, 62, 141, 268 5 

SCD-8 604, 269 2 

SCD-9 779 1 

SCD-10 673 1 

SCD-11 775 1 

 

The results regarding Linkage Disequilibrium among different polymorphic sites in 

buffalo population have been mentioned in the table below: 

Table-4.17: Linkage Disequilibria of Haplotypes 

 

[Locus Allele] - [Locus Allele] Burrows Correlation Chisq* Prob. 

[SCD-3     A  ] - [SCD -11       A  ] 0.0875 0.4737 6.73 0.0095 

[SCD -3    A  ] - [SCD - 11      B  ] -0.0875 - 0.4737 6.73 0.0095 

[SCD-3     B  ] - [SCD -11       B  ] 0.0875 0.4737 6.73 0.0095 

[SCD -7      A  ] - [SCD -3      A  ] 0.1904 0.4132 4.27 0.0388 

[SCD -7      A  ] - [SCD -3      B  ] -0.1904 -0.4132 4.27 0.0388 

[SCD -7      B  ] - [SCD -3      B  ] 0.1904 0.4132 4.27 0.0388 

 

The number of significant (P < 0.0500) linkage disequilibria (LD) = 6 
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 Association analysis was done and Haplotype no. 5 was found to have stronger positive 

association with milk fat %age. Odds Ratio for this was 1.374 with 95% confidence interval. 

These results have been shown below: 

 

Table-4.18: SHEsis Analysis for Odd’s Ratio 

 

 

Objective-3 

Restriction Digestion to determine the genotypic and allelic frequencies of significant 
markers 

C A P S 

 Cleaved Amplified Polymorphic Sequences (CAPS) was applied on the significant 

polymorphic sites.  A specific restriction enzyme was being selected to cut the region of 

polymorphism. Enzyme was applied after PCR amplification of the region of interest. Product 

was then read on Agarose gel.  
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Fig-4.4: Cleaved Amplified Polymorphic Sequences 

 

For the purpose of analysis, restriction map of the region under question was developed 

using web based soft ware WEB cutter (http://rna.lundberg.gu.se/cutter2/). Suitable restriction 

enzyme was selected targeting the region containing polymorphism with high significant value. 

Selected enzyme was then applied on the amplified region. Results were read on agarose gel 

electrophoresis. Description of results has been given below: 

 

CYP11b1 

CYP-3 was having high probability value and was selected for this parameter to calculate 

the genotypic and allelic frequency of the polymorphism. Restriction map was developed from 

WatCut (http://watcut.uwaterloo.ca/watcut/watcut/ template. php? act=snp_new) and is given 

below: 
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Fig-4.5: Restriction Map of CYP11b1 

 

 

Results on Agarose electrophoresis have been shown here: 

 

    

 

R- Restricted 
U-Unrestricted 

 

Fig-4.6: Electrophoretic pictorial of the CAPS 

 

On the basis of these results genotypic and allelic frequency of this polymorphism was calculated. 

For remaining of 6 polymorphisms, these frequencies were calculated using POPGENE32. These results 

have been given below: 
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Table- 4.19: Allele Frequency for all Loci of CYP11b1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-4.20: Genotypic Frequency for all Loci of CYP11b1 

 

SNP ID 
Chromosomal 

Position 
Allele Frequency 

Minor Allele 
Frequency 

CYP1  1310397  
A B 

0.3415 
0.3415 0.6585 

CYP2  1310450  
A B 

0.3415 
0.6585 0.3415 

CYP3  1310462  
A B 

0.3293 
0.6707 0.3293 

CYP4  1310487  
A B 

0.3780 
0.3780 0.6225 

CYP5  1310519  
A B 

0.3659 
0.3659 0.6341 

CYP6  1308462  
A B 

0.3171 
0.6829 0.3171 

CYP7  1308463  
A B 

0.3971 
0.6029 0.3971 
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OLR1 

 

OLR-1 was having high probability value and was selected for this parameter to calculate 

the genotypic and allelic frequency of the polymorphism. Restriction map was developed from 

WatCut and is given below: 

 

Fig-4.7: Restriction Map of OLR1 

 

Results on Agarose electrophoresis have been shown here: 

 

 

       

Fig-4.8: Electrophoretic pictorial of the CAPS. 
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On the basis of these results genotypic and allelic frequency of polymorphism was 

calculated. For remaining of 7 polymorphisms, these frequencies were calculated using 

POPGENE32. These results have been given below: 

 

Table-4.21: Allele Frequency for all Loci of OLR1 

SNP ID Allele Frequency 
Minor Allele 
Frequency 

OLR-1 
A B 

0.2771 
0.7229 0.2771 

OLR-2 
A B 

0.0120 
0.9880 0.0120 

OLR-3 
A B 

0.0723 
0.9277 0.0723 

OLR-4 
A B 

0.2530 
0.7470 0.2530 

OLR-6 
A B 

0.0241 
0.9759 0.0241 

OLR-10 
A B 

0.2289 
0.7711 0.2289 

OLR-11 
A B 

0.3012 
0.6988 0.3012 

OLR-13 
A B 

0.0241 
0.9759 0.0241 
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Table-4.22: Genotypic Frequency for all Loci of OLR1 

 

 

 

SCD 

 

SCD-7 was having high probability value and was selected for this parameter to calculate 

the genotypic and allelic frequency of the polymorphism. Restriction map was developed from 

WatCut and is given below:  

 

Fig-4.9: Restriction Map of SCD 
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Results on Agarose electrophoresis have been shown here: 

 

 

Fig-4.10: Electrophoretic pictorial of the CAPS 

 

On the basis of these results genotypic and allelic frequency of polymorphism was 

calculated. For remaining of 7 polymorphisms, these frequencies were calculated using 

POPGENE32. These results have been given below: 

Table-4.23: Allele Frequency for all Loci of SCD 

SNP ID Allele Frequency 
Minor Allele 
Frequency 

SCD-1 
A B 

0.3415 
0.6585  0.3415  

SCD -2 
A B 

0.3012 
0.6988 0.3012 

SCD -3 
A B 

0.3971 
0.6029 0.3971 

SCD -4 
A B 

0.3659 
0.3659  0.6341 
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SCD -5 
A B 

0.0241 
0.9759 0.0241 

SCD -7 
A B 

0.2289 
0.7711 0.2289 

SCD -8 
A B 

0.3780 
0.3780  0.6225 

 

 

 

Table-4.24: Genotypic Frequency for all Loci of SCD 
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Objective-4 

Prediction of valid proteomic model for respective proteins 

 

This last parameter was completed by using bioinformatics tools for CYP11b1, OLR1 and 

SCD protein structure prediction and analysis. Firstly, 3 dimensional protein structures was 

developed by swissModel (http://swissmodel. expasy.org) keeping in view the mutations of the 

amino acid sequence. Standard models for protein were taken from RCSB-PDB 

(www.rcsb.org/pdb/ explore.do?structureId). Predicted and reported protein models were then 

analyzed for location of mutations and their possible role in function of that protein. For this 

purpose, PyMol (http://www.pymol.org), JMol (http:// jmol.sourceforge.net), Phyre 

(http://www.sbg.bio.ic.ac.uk/ phyre2/phyre2_output), Scooby (http://www.ibi.vu.nl/ 

programs/scooby) and Predisi (http://www.predisi.de) were used. Results obtained were 

compared with some already reported dry lab experiments and some significant structural 

variations were found that might have a role in functionality of protein molecules of CYP11b1, 

OLR1 and SCD. Description of results obtained is given below: 

 

CYP11b1 

Proteomic Analysis of CYP11b1 Protein 

 For this purpose, standard three dimensional protein model of CYP11b1 was retrieved 

from RCSB-PDB No- 4FDH (www.rcsb.org/pdb/explore.do?structureId). Mutated sequence 

carrying the identified polymorphisms was developed by homology modeling. For this purpose, 

Swiss Model (http://swissmodel.expasy.org) was used. Here are the standard and mutated protein 

models that have been predicted: 
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   a       b 
 
Fig-4.11: Protein Model Prediction by Homology Modelling. a. Standard protein structure, b. Mutated 
protein structure 
  

  

This 3 dimensional model of protein was then further analyzed for secondary structure 

information, location of mutation sites, functional significance of mutations, nature of protein 

and signal peptide cleavage site of protein etc. In CYP11b1, a total 7 polymorphisms were 

identified. One was intronic and remaining were found in exonic region. Out of these 6 exonic 

SNPs, CYP-7 was statistically non-significant and was obeying Hardy Weinberg law. Here is the 

3 dimensional protein structures showing the location of these polymorphisms.  
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Fig-4.12: Structural Attributes of CYP11b1 Protein 

 

Location of Polymorphic sites on the folded protein was found to evaluate their effect on 

the function of protein. Protein molecule was 502 amino acids in length.  Residue 372 was found 

to be located near the F-G loop region. This is the area that has been reported for steroidogenesis.  

This region is highly hydrophobic and is involved in attachment of CYP11b1 protein to the inner 

surface of mitochondria. Mutation at this position is a hydrophilic to hydrophobic change which 

might have a role in stronger attachment of protein and ultimately better function. 

Table-4.25: Polymorphism present in the vicinity of F-G Loop 

Substitution Group Effect 

Thr-Tyr Polar-NonPolar Hydrophilic-Hydrophobic 

 

Here is the pictorial description of F-G loop on the inner mitochondrial surface:  
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Fig-4.13: F-G Loop in CYP11b1 Protein 

Phyre-2(http://www.sbg.bio.ic.ac.uk/phyre2/phyre2_output/f243be69e7f34summary.ht 

ml) was used to analyze the secondary structural attributes of CYP11b1. Here in the results, 

position of alpha helices and beta sheets have been mentioned. Alpha helices have been 

mentioned in green colour and beta sheets are blue in colour. Sequence of amino acids has also 

been mentioned. These results have been mentioned in the fig below: 

 

Fig-4.14: Secondary Structure information of CYP11b1 
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  A 16 residue long transmembrane helix was also identified in the CYP11b1 

molecule by using Phyre2. This helix was between 236-251 amino acids. None of the identified 

mutation was found in this region. Structure of this helix is given below: 

 

Fig-4.15: Transmembrane Helix of CYP11b1 

Soft ware Predisi (http://www.predisi.de) was used to predict the signal peptide of the protein. 

This was 34 amino acids in length. There was an Alanine to Valine substitution in this sequence. 

But as both are non-polar and hydrophobic in nature so they might not have much effect on 

protein signaling. Figure is given below: 

 

Fig-4.16: Signal Peptide of CYP11b1 protein 
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OLR1 

Proteomic Analysis of OLR1 Protein 

 For this purpose, standard three dimensional protein model of OLR1 was retrieved from 

RCSB-PDB No----1YXJ  (www.rcsb.org/pdb/explore.do?structureId). Mutated sequence 

carrying the identified polymorphisms was developed by homology modeling. For this purpose, 

Swiss Model (http://swissmodel.expasy.org) was used. Here are the standard and mutated protein 

models that have been predicted: 

          

   a       b 
 
 
Fig-4.17: Protein Model Prediction by Homology Modelling. a. Standard protein structure, b. Mutated 
protein structure 
  

This 3 dimensional model of protein was then further analyzed for secondary structure 

information, location of mutation sites, functional significance of mutations, nature of protein 

and signal peptide cleavage site of protein etc. In OLR1, a total 15 polymorphisms were 

identified. Four were intronic and remaining were found in exonic region. Out of these 11 exonic 

SNPs, OLR1, OLR3, OLR4, OLR6, OLR-7 and OLR-15 were non-synonymous and were 
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changing the amino acid. Out of these OLR-1 was in the signal peptide of the protein. OLR-6 

was non-significant at population level. Position of remaining of amino acid substitutions have 

been mentioned in following figure. OLR1 is a type-II membrane protein. Domain3 (144-256 

residue) is associated with Steroidogenesis, which is C-type Lectin domain and is conserved. 

Location of Domain3 has been mentioned in the structure. Residue-181 was found in this region. 

This was an Arginine to Threonine change. This substitution might not have affect on the 

functional attributes of protein as both are polar and hydrophilic in nature. Here is the 3 

dimensional protein structures depicting the location of these polymorphisms.  

Table-4.26: Amino acid substitution found in Domain-3 of OLR1 

Substitution Group Effect 

Arg-Thr Polar Hydrophilic 

 

 

Fig-4.18: Structural Attributes of OLR1 Protein 
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Location of Polymorphic sites on the folded protein was found to evaluate their effect on 

the function of protein. Protein molecule was 270 amino acids in length.  Phyre-

2(http://www.sbg.bio ic.ac.uk/phyre2/ phyre2_output/f243be69e7f34summary.ht ml) was used to 

analyze the secondary structural attributes of OLR1. Here in the results, position of alpha helices 

and beta sheets have been mentioned. Alpha helices have been mentioned in green colour and 

beta sheets are blue in colour. These results have been mentioned in the figure below: 

 

 

Fig-4.19: Secondary Structure information of OLR1 
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A 33 residue long transmembrane helix was also identified in the OLR1 molecule by 

using Phyre2. This helix was between 35-67 amino acids. OLR-2 was found in this region. This 

was a Serine to Tyrosine substitution. Both amino acids were polar and hydrophobic, so there 

was not much expected change in signaling of OLR1. Structure of this helix is given below: 

 

Fig-4.20: Transmembrane Helix of OLR1 

Soft ware Predisi (http://www.predisi.de) was used to predict the signal peptide of the 

protein. This was 52 amino acids in length. There was a Proline to Histidine substitution in this 

sequence. This was non-polar to polar and hydrophobic to hydrophilic substitution so they might 

have effect on protein signaling. Figure is given below: 

 

Fig-4.21: Signal Peptide of OLR1 
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SCD 

Proteomic Analysis of SCD Protein 

 For this purpose, standard three dimensional protein model of SCD was retrieved from 

RCSB-PDB No---- 3gzuB (www.rcsb.org/pdb/explore.do?structureId). Mutated sequence 

carrying the identified polymorphisms was developed by homology modeling. For this purpose, 

Swiss Model (http://swissmodel.expasy.org) was used. Here are the standard and mutated protein 

models that have been predicted: 

              

   a      b 
 
Fig-4.22: Protein Model Prediction by Homology Modelling. a. Standard protein structure, b. Mutated 
protein structure 
  

 This three dimensional model of protein was then further analyzed for secondary 

structure information, location of mutation sites, functional significance of mutations, nature of 

protein and signal peptide cleavage site of protein etc. There was limited information on the 

proteomics of SCD. According to the reported modeling, two domains have been identified. One 

is heme binding and second one is steroid binding domain. In SCD, Residues 90 to 97, 113, 116 

and 119 collectively form steroid binding domain. A total 9 polymorphisms were identified. Four 

were intronic and remaining were found in exonic region. Out of these 5 exonic SNPs, SCD-4 
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and SCD-7 were non-synonymous. Here is the 3 dimensional protein structure showing the 

location of these polymorphisms.  

 

 

Fig-4.23: Structural Attributes of SCD Protein 

 

Location of Polymorphic sites on the folded protein was found to evaluate their effect on 

the function of protein. Protein molecule was 359 amino acids in length.  Phyre-

2(http://www.sbg.bio.ic. ac.uk/phyre2/phyre2_output/f243be69e7f34summary.ht ml) was used to 

analyze the secondary structural attributes of SCD. Here in the results, position of alpha helices 

and beta sheets have been mentioned. Alpha helices have been mentioned in green colour and 

beta sheets are blue in colour. Sequence of amino acids has also been mentioned. These results 

have been mentioned in the fig below: 



 

86 
 

 

Fig-4.24: Secondary Structure information of SCD 

  Soft ware Predisi (http://www.predisi.de) was used to predict the signal peptide of the 

protein. This was 29 amino acids in length. There was no mutation found in this region. Figure is given 

below: 

 

Fig-4.25: Signal Peptide of SCD protein 
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CHAPTER 5 

DISCUSSION 

 

This study was planned to evaluate the effect of candidate genes on the milk fat yield and 

%age in Nili-Ravi buffalo breed of Pakistan. The objectives in the present study were genetic 

characterization of the CYP11b1, OLR1 and SCD gene to identify the SNPs in coding regions of 

the genes. These genetic variations then were analyzed by using advanced statistical and 

bioinformatics tools. Screening of significant loci was done at population level by using CAPS 

by restriction digestion. Finally three dimensional structural protein model was predicted by 

homology modeling and model was analyzed by using advanced bioinformatics tools. This study 

was first step towards the identification of potential genetic markers that can be used in breed 

improvement program. 

In the present study, a total of 100 samples from the true representatives of Nili-Ravi 

buffalo breed were collected in initial screening, where blood as well as milk of animals was 

collected and analyzed. Sequencing of coding region of candidate genes was done by Sanger’s 

Chain termination method. A total of seven polymorphic sites were identified in CYP11b1. In 

OLR1, a total of fifteen and in SCD a total of nine polymorphisms were identified. Most of SNPs 

were found in exonic region and their analysis indicated that some of them were synonymous 

and some were non-synonymous.  Intronic SNPs were also analyzed and neither was the part of 

splicing site for transcription and nor they were present in promoter region of the any of the 

studied genes.  
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CYP11b1 as candidate gene for milk yield and quality was reported after QTL analysis. 

In present study was used for SNP analysis in Nili-Ravi buffalo. Out of polymorphisms 

identified, CYP-2 was intronic in nature. CYP-1 was a methionine to arginine substitution and 

was statistically non-significant and our potential locus for association analysis. Both are polar 

and hydrophilic, so there was not much change in final protein configuration. Remaining all were 

significant and non-synonymous. Out of these CYP-3 was having lowest of probability and was 

chosen for restriction digestion. Data obtained for CYP11b1 was analyzed by using population 

genetic soft ware (POPGENE32). The interpretation of values obtained is as follow.  

The study of distribution of alleles at various SNP positions indicated one locus (CYP-1 

[P= 0.134801>0.05]) was obeying Hardy-Weinberg equilibrium as P-values were more than 0.05 

suggesting random distribution of alleles throughout the population. While six loci (CYP-2 [P= 

0.0010<0.05], CYP-3 [P= 0.000083<0.05], CYP-4  [P= 0.0003<0.05], CYP-5 [P= 

0.00014<0.05], CYP-6 [P= 0.01812<0.05] and CYP-6  [P= 0.00016<0.05]) were showing 

significant deviation from Hardy–Weinberg equilibrium indicating the probable migration of 

animals from one tract to another or non random breeding.  Transversion was more common than 

transition which might be because of small sample size and extensive inbreeding in the Nili-Ravi 

population. Results obtained were similar to the Nilsen et al. (2009) reported value for an 

association study on Norwegian Red cattle.  

The Hardy Weinberg equilibrium model explains the stability of gene pool frequencies in 

a population. For a population to be in Hardy-Weinberg Equilibrium (HWE), the alleles must be 

randomly inherited. The deviation from HWE could be due to random drift in a small population 

and / or a high rate of endogamy, feature of isolated populations. This departure from HWE in 
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Nili-Ravi population can be due to their small herd size, remote location and isolation, which 

result in a high degree of endogamy. This high endogamy leads to excessive homozygosity. 

Association analysis of each locus with milk fat %age was also calculated by one way 

ANOVA and mean values were calculated but no significant values were found. CYP-3 was 

depicting P-value=0.060839 that was near to level of significance. This locus was further 

genotyped by PCR-RFLP method and 50 more animals were screened but still no association 

could be identified. These results were similar to Boichard et al. (2003) who worked on three 

French dairy cattle breeds. 

As no functional variant was identified so analysis of sequences of CYP11b1 gene 

revealed 9 different haplotypes resulting from 7 polymorphic sites. All the haplotypes were rich 

in A/T content. Out of these nine, haplotypes 4 was associated with milk fat %age. The 

haplotype distribution in animals is an indication of their significance for future genetic selection 

program. These values were similar with the work of Kaupe et al (2007) who worked on 

CYP11B1 in German Holstein cattle.  

Restriction digestion of significant locus was done and allele and genotypic frequencies 

were calculated.  Genotype AB was higher in frequency with a value of 0.5854 indicating highly 

heterozygous nature of this locus. These results were similar to the results obtained by Kaupe et 

al. (2007) in German Holstein cattle. Linkage disequilibrium for all haplotypes was also studied 

and some significant linkages were found.  

Finally three dimensional protein model was predicted. From literature, it was found that 

CYP11b1 is orthologous of PPKAR1A. Gene duplication events occurred during vertebrate 

evolution. Polymorphism was found in the vicinity of the region involved in steroidogenesis and 
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was a hydrophilic to hydrophobic amino acid substitution. As this region called F-G Loop is 

hydrophobic so this substitution might have a role in better attachment of the protein to inner 

mitochondrial surface and result in better protein function. Bionaz and Loor (2008) also reported 

effect of polymorphisms on the function of protein. Papadopoulos and Miller reported their work 

in 2012 on role of mitochondria in steroidogenesis. Results of present study are also in line with 

that.  

OLR1 gene was also included in this study for identification of biomarkers. Khatib et al 

(2006) identified the genetic variation in this gene that was associated with milk fat content. In 

present study, total fifteen polymorphisms were identified. Out of these 15, four were intronic 

and remaining eleven were exonic. From these eleven, five were synonymous and were not 

changing any amino acid. Remaining six were non-synonymous. Ratio of transition and 

transversion is 1.15:1.  

Results of single marker analysis depict the distribution of alleles indicated that OLR-

5[P= 0.1306 >0.05] , OLR-6 [P= 0.0913>0.05], OLR-10 [P= 0.1014>0.05], OLR-11 [P= 

0.2403>0.05] and OLR-13 [P= 0.1410>0.05] were non-significant and following Hardy-

Weinberg equilibrium indicating that the alleles were randomly distributed throughout the 

population, no migration had occurred, no bottlenecks happened.  While for loci OLR-1 [P= 

0.0001<0.05], OLR-2 [P= 0.0010<0.05], OLR-3 [P= 0.0005<0.05],  OLR-4 [P= 0.0013 <0.05],  

OLR- 7[P= 0.0011<0.05], OLR-8 [P= 0.0010<0.05], OLR-9 [P= 0.0015<0.05], OLR-14 [P= 

0.0021 <0.05], and OLR-15 [P= 0.0002 <0.05] as probability value of Chi-square test was below 

0.05, suggesting that population at these polymorphic sites was indicating significant deviations 

from Hardy-Weinberg equilibrium. All of mutations were novel and were not reported before. 
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Most of variations were identified in exon-4. Khatib et al (2006) also reported associated 

mutations in exon-4.  

Association analysis revealed no significant association of identified loci with milk fat 

%age. So haplotypes were constructed. A total of 14 haplotypes were identified in the Nili-Ravi 

buffalo. These were analyzed for association study and linkage disequilibrium. OLR-4 and 11 

were positively associated with the milk fat content. Khatib et al (2006) also found stronger 

association for identified markers in OLR-1gene. 

Restriction digestion was performed to calculate genotypic and allele frequency of the 

OLR-1 mutation. For OLR-1, BB genotype was more frequent with value of 0.5366. Kataoka et 

al (2000) studied OLR1 and found similar genotypic frequency. 

Finally protein model was predicted for OLR1 protein. Chen et al (2000) reported that 

OLR1 is a type-II membrane protein. Domain3 (144-256 residue) is associated with 

Steroidogenesis, which is C-type Lectin domain and is conserved. Polymorphism OLR-15 

(Residue-181) was found in this region. This was an Arginine to Threonine change. This 

substitution might not have affect on the functional attributes of protein as both are polar and 

hydrophilic in nature. A 33 residue long transmembrane helix was also identified in the OLR1 

protein molecule. This helix was between 35-67 amino acids. OLR-2 was found in this region. 

This was a Serine to Tyrosine substitution. Both amino acids were polar and hydrophobic, so 

there was not much expected change in signaling of OLR1protein. 

Third candidate gene studied was SCD. This gene was sequenced and nine variations 

were found. Results of single marker analysis depicted the distribution of alleles indicating that 

Dimorphic allele SCD-6 [P= 0.2016 >0.05] and SCD-9 [P= 0.0825>0.05] were non-significant 

and following the assumptions of the Hardy-Weinberg equilibrium indicating that the alleles 
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were randomly distributed throughout the population, no migration had occurred, no bottlenecks 

happened and population remained large in numbers. While for alleles SCD-1 [P= 0.0030 

<0.05], SCD -2 [P= 0.0190 <0.05], SCD -3 [P= 0.0014 <0.05],  SCD-4 [P= 0.0013 <0.05],  

SCD-5 [P= 0.0052 <0.05], SCD -7 [P= 0.0001 <0.05] and SCD -8 [P= 0.0299 <0.05], as 

probability value of Chi-square test was below 0.05, suggesting that population at these 

polymorphic sites was indicating significant deviations from Hardy-Weinberg equilibrium. 

These results were similar to Khatib et al (2008). Ward et al (1998) studied SCD at RNA level 

and found significant mutations effecting expression of gene. 

Association of single markers was not very informative. Even further genotyping could 

not revealed any association with trait of interest so haplotypes were constructed and there 

association was calculated. 

A total of eleven haplotypes were identified. Linkage analysis indicated the high 

probability of some of loci to move together into next generation. Association of haplotypes was 

also done. Haplotype-5 was found to have positive association with odds ratio 1.374.  

Restriction mapping was also done to calculate genotypic and allele frequency. It was 

found that genotype BB was more frequent in SCD-1 than AA and AB. Three loci were found to 

have more frequency for AB genotype. Taniguchi et al (2004) also found similar results in 

Japanese Black cattle for genotyping of SCD gene. 

Finally three dimensional protein model was predicted for SCD molecule. According to 

the reported modeling, two domains have been identified. One is heme binding and second one is 

steroid binding domain. In SCD, Residues 90 to 97, 113, 116 and 119 collectively form steroid 

binding domain. No significant mutation was found in this region. Signal peptide of protein was 
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also determined but no variation was found into this. Chen et al (2000) also found similar results 

for this parameter.  

The present study is an example of candidate gene approach to find some novel variations 

at population level. This study is first step in finding some probable markers for milk fat %age in 

Nili-Ravi buffalo that can be used in future selection and breeding program. More the population 

will be diversified for the trait and showing trends of heterozygosity, better will be the chances 

of selection of animals with suitable genetic makeup. Another point needs consideration here is 

that its not only SNP in intronic or exonic region of the gene that can impart a specific role in 

determining production potentials of these genes. Any variation in the regulatory regions of the 

genes is equally important in determining overall contribution of a gene towards some trait of 

interest. So this provides another promising prospect to direct future research to explore the 

candidate genes to find new biomarkers for marker assisted selection. 

As the preservation of domestic livestock species diversity is crucial to meet future needs 

of the region. In order to cope with an unpredictable future, genetic reserves capable of readily 

responding to directional forces imposed by a broad spectrum of environments must be 

maintained. Maintaining genetic diversity is an insurance package against future adverse 

conditions. Due to diversity among environments and nutritional standards, a variety of breeds 

and populations are required. These act as storehouses of genetic variation which forms the basis 

for selection and may be drawn upon in times of biological stress such as food crisis, drought or 

disease epidemics. The wide range of breeds and species are each specifically adapted to a 

different set of conditions.  

 Exploration of genetic potential of animals for traits of economic importance will lead 

towards the identification of better genotypes at population level that can be used in future 
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breeding program for selection of animals with superior genetic makeup. This will enhance the 

production per animal and will aid in fulfilling the ever increasing demand of milk and milk 

products in the region. 
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CHAPTER 6 

SUMMARY 

 

Milk yield and quality has been a main selection standard for genetic improvement in 

livestock. In Pakistan almost 68 % of total milk produced is contributed by buffaloes. They 

contribute significantly to the total milk pool as compared to their population. Despite of their 

greater share in yield, the quality of buffalo milk is also admirable because of higher butter fat 

content. The milk quality of farm animals varies considerably among a variety of breeds. The 

underlying mechanism behind this variability has a direct correlation with the expression of 

different genes. Due to variation in these genes, some breeds of buffaloes show higher fat 

content and others show lower fat content. Although environment and nutrition plays a major 

role in exploration of production potential of animals but effect of genetics is also significant in 

controlling different production traits. Present study was designed to investigate the effect of 

three candidate genes CYP11b1, OLR1 and SCD responsible for milk fat content. Animals of 

Nili-Ravi breed with more butter fat% age and milk yield were compared with animals with less 

butter fat %age and milk yield. DNA sequencing by Sanger’s method and restriction mapping 

was used to identify genetic variations. For initial screening of animals for genetic variation, out 

of total collected samples, 50 samples of Nili-Ravi buffalo were sequenced for the candidate 

genes by using 23 sets of primers. Genetic variations were found and statistically analyzed. The 

sequences of amplified fragments were aligned with the help of software blast2sequence and 

single nucleotide polymorphisms were identified. Then statistical analysis of these sites was 

done to calculate the probability using Chi2. Homozygosity and heterozygosity of these sites was 
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also determined. Shannon index, linkage disequilibrium, Nei’s score and Hardy Weinberg 

equilibrium was also calculated. For the purpose of population genetics analysis, POPGENE32 

was used. Association of these polymorphisms was done with the help of SHEsis. In this analysis 

data of milk profile of individual animal was used. Significant polymorphisms were scanned at 

population level for genotypic and allele frequency (n=50). For this purpose, Cleaved Amplified 

Polymorphic Sequences (CAPS) was used. Finally 3 dimensional model for each protein was 

predicted using advanced bioinformatics soft ware. This study was a first step towards the 

identification of novel genetic markers in the genes having potential role in milk production 

traits. Candidate gene approach was being used for the characterization of three genes having 

role in milk fat content.  Identification of novel genes / proteins and their association with milk 

production is an emerging concern in regions with developed infrastructure. In most regions of 

the world, breed improvement programs are dependent upon the marker assisted selection of 

animals with superior genetic makeup. Findings of presented research are providing a baseline 

for that would serve as a platform to direct future research to enhance the productivity of 

indigenous buffalo breeds. This will lead towards better production potential of our dairy animals 

and will strengthen the economy of Pakistan.  
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CHAPTER-8 

INDEX 

Formulations 

All recipes marked with ‘a’ strongly recommends autoclaving of the reagent prepared. 

50x TAE (1L) a: 

Trizma base 242g 

Glacial Acetic Acid 57.1ml 

0.5 M EDTA 100ml 

Water VST 1L 

1x TAE (1L) a: 

50x TAE 20ml 

Water VST 1L 

0.5 M EDTA (pH=8.0, 1L) a: 

EDTA 186.1g 

NaOH Few pellets to dissolve EDTA 

Water VST 1L 

1M Tris-HCl (pH= 8.0, 1L) a: 

Trizma base crystals 121.1g 

Deionized water 220ml 
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Concentrated HCl VST raise the pH to 7.4 

Deionized water VST 1000ml 

Sodium Chloride (6M, 1L) a: 

Sodium chloride crystals 351.0g 

De ionized water VST 1000ml 

Tris-EDTA (10mM Tris and 1mM EDTA, pH=8.0, 1L) a: 

1M Tris-HCl soln. 10ml 

0.5M EDTA soln. 4ml 

De-ionized water VST 1000ml 

10N Sodium Hydroxide (100ml): 

NaOH pellets 40g 

De-ionized water VST 100ml 

10%SDS:  

Sodium Dodecyl Sulfate (Sodium Lauryl Sulfate)  10gm 

De-ionized water 100ml 

Stored at room temperature. 

Ethidium Bromide: 

Ethidium bromide 500mg 

De-ionized water 10ml 

Stored in Aluminum foiled tube 
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Phenol: 

Molecular Biology Grade Phenol frozen at –20°C, take the bottle out of the freezer and let it sit 

at room temperature for 30 minutes. Add 8-hydroxy quinoline to 0.1% final concentration and 

thaw the frozen phenol at 65°C. Add an equal volume of 0.5M tris, pH 8.0, mix on a stirrer for 5 

minutes, let the phases separate out and remove the above aquous phase. Add an equal volume of 

0.1M Tris, pH 8.0 and repeat the wash. Continue till pH of phenol is greater than 7.8 and close to 

8.0 as tested by pH paper. Layer 0.1 volumes of 0.1M Tris, pH 8.0, 0.2% β-Mercaptoethanol and 

store at 4°C for up to four weeks after which it must be discarded. 

Phenol/ Chloroform/ Iso amyl alcohol (25:24:1) 

Buffered phenol 500μl 

Chloroform 480μl 

Iso amyl alcohol 20μl 

This 1000μl is sufficient for 8 DNA samples. 

Ethanol (95%): 

Absolute Ethanol 95ml 

De-ionized water 5ml 

Store chilled at –20°C. 

Ethanol (70%): 

Absolute Ethanol 70ml 

De-ionized water 30ml 

Stored chilled at –20°C. 

Self-digested Proteinase K (20mg/ml): 

Protein K pack 100mg 
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Tris-EDTA-SDS (100mM Tris, pH 8.0, 40m MEDTA, 0.05%SDS) 5ml incubated at 37°C for 30 

minutes. Made 50μl aliquots and store at –20°C. 

Loading solution (6X): 

Glycerol  50ml 

Bromophenol blue 100mg 

EDTA (0.5M, pH 8.0)  20ml 

De-ionized water VST 100ml 
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Abbreviations 

DNA Deoxyribonucleic acid Nm Nano meter 

μg Micro gram Min. Minutes 

μL Micro litre mL Millie Liters 

bp Base pair NaCl sodium Chloride 

Cm Centimeter ng Nano gram 

Di De-ionized PCR Polymerase chain reaction 

EDTA Ethylene Diamide Tetra-Acetic acid rpm Revolution Per Minute 

G/gm Gram S Second (s) 

HWE Hardy-Weinberg Equilibrium S# Serial  number 

Kb Kilo bases S.E. Standard Error 

L Litre SDS Sodium Dodecyl sulfate 

M Molar Soln. Solution 

mg Mili Gram SNP Single Nucleotide Polymorphism 

Tris Trizma base SSC Sodium chloride sodium citrate 

CYP11b1 
Cytochrome P-450, family1, subfamily-B, 
polypeptide-1 

Taq Thermus aquaticus 

SCD Stearoyl-CoA desaturase PDB Protein data bank 

OLR1 Oxidized low density lipoprotein receptor 1 

Hm 

 

Ht 

Homozygous 

 

Heterozygous 

QTL Quantitative Trait Loci MNA Mean Number Of Alleles 

 


