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PREFACE 
 
 
The livestock industry plays a pivotal role in the economy of Pakistan by contributing 56.3 

percent of the agriculture value added and 11.8 percent to national GDP during 2014-15 (Economic 
survey of Pakistan, 2014-15). Currently, Pakistan has a herd size of around 76.8 million animals 
(41.2 million cattle, 35.6 million buffaloes) with an estimated production of around 52 billion liter of 
milk per annum (Economic survey of Pakistan, 2014-15). About 36 million people are involved in 
dairy farming, deriving more than 40% of their total income from livestock. This sector is central to 
the livelihood of the rural people in the country and can play an important role in poverty alleviation. 
It can uplift the socioeconomic condition of Pakistan’s rural masses. The major problem for small 
holding dairy farmers is the dreary milk productivity of Pakistani cattle and buffalos which is less 
than 4 liters to 5 liters per day for the whole duration of the lactation cycle of around 305 days. On 
average a dairy animal in Pakistan yields 6-8 times less milk than a dairy animal of the developed 
world; approximately 8 Pakistani milk producing animals are equal to 1 animal of the developed 
world. One of the reasons of this low production potential of Pakistani animals is the involvement 
of infectious agents including bacteria, viruses and protozoa. 

Genomics of livestock species had advanced significantly in recent years. The completion 
of whole genome sequencing projects has brought a wealth of information about the structure of 
animal genome. High throughput technologies made feasible by sequencing and re-sequencing of 
some economically significant livestock species. All biotechnological tools combine with 
bioinformatics tools would be of massive assist in understanding of livestock genetic architecture 
for efficient production through genetic analyses and Markers Assisted Selection. The applications 
of these technologies have their significant impact for rapid improvement of livestock production.  
In future, the proficient livestock production would rely on existing and promising biotechnological 
advances for better improvement in productivity. Here we have included the genomic work done, 
reported from Pakistan by different researchers as well on indigenous livestock and wild species 
for better understanding of readers about the current status of animal genomics in Pakistan.  

This monograph reflects our humble endeavor to spotlight the potential of economically 
valuable animal species, but at the same time reader’s suggestions, novel ideas and constructive 
criticism will be welcome to enhance the quality of the later version of this manuscript.   

           

Prof.Dr. Masroor Ellahi Babar (TI) 
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FOREWORD 
 
 

The monograph "Evolutionary Dynamics and Biodiversity in Pakistani Livestock Species” 
by Professor Dr. Masroor Ellahi Babar stands poised to significantly influence the understanding of 
this very important area, both for students and teachers alike.  

Professor Babar has been in the forefront of the evolution of the Virtual University of 
Pakistan from a teaching-only institution to a teaching and research oriented university that is 
undertaking major projects in various fields, even outside the virtual classrooms. Despite his many 
duties as Registrar of the University, he has been consistently involved in research efforts and has 
also inspired other departments at the University to follow his lead. The young and dynamic team 
that he has brought together in his own area of expertise has the potential to place the Virtual 
University in a leadership position and several collaborative efforts with sister institutions are 
already underway or in the pipeline. Given its unique pedagogical strengths, the University is also 
offering services through its free to air broadcast television channels to support a wider 
understanding of important social and technical issues. These include the livestock and dairy 
domains through the efforts of Professor Babar.  

  I would like to take this opportunity to congratulate Dr. Babar for authoring this important 
treatise and I look forward to seeing many more contributions from him in the future.  

  

Dr. Naveed A. Malik  
Rector, Virtual University of Pakistan, 

Lahore. 
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FOREWORD 
 
 

Prof. Dr. Masroor Ellahi Babar the author of this monograph is an active researcher in the 
field of animal genetics and genomics and is regarded as an authority in animal biotechnology.  His 
current book entitled “Evolutionary Dynamics and Biodiversity in Pakistani Livestock Species” is an 
excellent resource for not only young researchers and students at all levels, but for anyone 
interested in livestock in general and animal breeding in particular. This book integrates insights 
regarding the Cell, Inheritance, Biodiversity, Techniques in Animal Genetics and Genomics, 
Molecular Evolution and Genetic and Genomic exploration of valuable Pakistani Livestock species. 
Dr. Babar has the gift of presenting complex concepts in a simplified manner so that it becomes 
useful to both students and teachers. The book is replete with wonderful amalgamation of basics 
and applied trends within the field of genetics/genomics and bingers of 
bioinformatics/computational biology.  

Based on the latest molecular approaches of genetics/genomics, biotechnology and 
bioinformatics contents have been distributed into various chapters. Chapter:1 describes the 
introduction to basics unit of life and cell organelles in the context of evolution; Chapter:2 defines 
inheritance from classical techniques to physical manipulations and its molecular approaches; 
Chapter:3 shed light on the different forms of the life and their peculiar characteristics encrypted in 
their DNA, hidden potentials of particular species and breeds; Chapter:4 introduces computational 
biology and bioinformatics tools and latest trends to analyze genotyping and sequencing data for 
meaningful interpretation; Chapter:5 explains the computational background of evolution, its 
prediction and reliability, latest trends in this significant field of knowledge; Chapter: 6 spot lights 
on the genomic exploration to Pakistani domestic livestock species what he and his colleagues has 
done for the last 10 years. The discussions of mentors and active researchers, biographical study, 
journaling make Chapter 6 particularly useful for teachers and early career researchers to take 
guidance for project write-ups which will help them to familiarize the lab techniques beyond the 
boundaries of classroom.  

I am sure, all readers will benefit from this book. This monograph will definitely provide a 
road map to the readers that how to explore the mysteries encrypted in animal life 

 

Dr. Kauser Adbulla Malik        
HI, SI,TI 

HEC Distinguished National Professor 
Forman Christian College  

(A Chartered University), Lahore  
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CHAPTER - 1 
  

THE CELL 
  

1 INTRODUCTION TO EVOLUTION 

Evolution has a crucial impact on inheritable traits differentiation over successive 
generations in a biological population. Diversity at various levels of biological organization is 
routinely encouraged by evolutionary processes, such as organism, species and biological 
molecules, including DNA, RNA and proteins [1]. Present life evolved from its ancient ancestor 
existed nearly 3.5-3.8 billion years ago [2]. The variation in common ancestor may be implied 
through vertical flow of genetic material as well as various speciation episodes [3]. Shared physical 
and biochemical characteristic traits or shared characteristic genetic makeup determines the 
variation in populations [4]. Species sharing a more recent common ancestor usually inherit similar 
homologous sequences. These living species with the combination of paleontological data is a 
useful resource to narrate evolutionary histories. Existing patterns of biodiversity have been shaped 
both by speciation and by extinction [5]. 

Patterns of nucleotide polymorphism in the genome and chromosomal rearrangements 
work in a parallel manner to provide an opportunistic evolution [6]. Mutations in cellular genome 
can be either in a region to be neutral or in a functional region altering the protein, or in a controlling 
region leading to disturbance of gene expression. Based on molecular studies, it is speculated that 
modification in an expressed protein due to mutation will likely to be detrimental. Approximately 
30% of these mutations are neutral or weakly beneficial while their greater fraction may pose 
harmful effects to their carriers [7]. 

Mutation ranges between single nucleotide polymorphism (SNP) [8] to rearrangements of 
large segments by recombination events. These events may insert a duplicated gene into a 
genome [9] leaving them to be a potential candidate to evolve new genes [10]. As new genes are 
mostly generated from already present genes with shared common ancestors [11]. Gene may be 
innovated from duplicated copy of ancestral gene when its daughter copy undergoes mutations 
and co-opt. It is reliable to see here as a gene duplication event creates redundancy in the biological 
system. Generally, one of a pair of duplicated genes can retrieve a novel functionality while the 
original function may be supervised by its homolog [12, 13]. Sometimes, mutations in noncoding 
DNA region can even help to create entirely different genes [14, 15]. 

For example, the origin of chimeric genes through the activity of retrotransposons and exon 
rearrangements is an important case here. Gene duplication occurred in ancestral African 
Drosophila species nearly two million years ago while preventing the loss of function by one copy 
and a second copy was used to evolve new gene. Ancestor of Drosophila yakuba and Drosophila 
teissieri was initially contained a gene yellow-emperor that was duplicated to yellow-emperor and 
yande while out of them yande was involved in the evolution of new chimeric gene jingwei through 
fusion with retrotransposed Adh exons. Jingwei was positively selected in population as well as 
previous function was also not lost due to the presence of yellow-emperor whereas innovations in 
the second copy provided the diversity to create new species [16]. 

The presence of paralogues as a group often regarded as major event of vertebrate 
genomes evolution. These paralogs can be resident on two, three or four chromosomes as four 
copies appearing in concert with two rounds of whole genome duplication (2R) event [17]. 
Homeobox genes are responsible for coding proteins crucial to organism development including 
morphogenesis and cell differentiation [18]. Hox gene belongs to a homeobox family on which a lot 
of work has been done in favor of 2R hypothesis. Although 2R hypothesis did not gain much 
popularity yet it is helpful to explain the vertebrate genome evolution [19]. 
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Novel genes may also be originated through fractional duplication of quite a few genes. 
These duplicated fragments may then rearrange themselves to achieve new configurations with 
novel biological functions [20, 21]. In those cases different domains with independent functions 
may be arisen due to random shuffling of duplicated sub-regions. These modules can synchronize 
themselves to perform new and complicated functions [22]. The prokaryotic enzymes being more 
versatile operate in a similar way to catalyze multiple reactions while in eukaryotes greater 
complexity led to the development of domain architecture to meet distinct patterns [23]. Polyketide 
synthases may have several autonomous modules due to their large sizes. Each domain can 
catalyze the single reaction in the compact biological process [24]. Camel (Camelus dromedaries) 
lives in extreme environments, mainly places where there is water shortage, high temperature 
regions with supplies of dire quality feed. There are some genes such as GSTK which are randomly 
evolved to give them an opportunity for their better adaptation and survival [25]. 

1.1 Basis of Evolution 

Interpretation and understanding of biological sequences in the context of their origin is the main 
goal of evolution. The functional regions lie within the genomic DNA that lead a particular living 
organism to achieve its unique identity are collectively known as genome of that individual. 
Biological systems are not easy to understand so they are studied at various level ranges from the 
living community to molecular level. At present, computational biology emphasizes biological 
phenomena at the levels of complexity ranging from molecular to cellular, though other levels in 
the hierarchy are also explored, especially in evolutionary contexts. Understanding human biology 
is persuaded by medical and evolutionary reasons. The interpretation of human biology such as 
genetic parameters is usually guided by understanding the biological systems of the model 
organisms. 

1.1.1 Biological Overview 

All forms of life on earth are generally made up of two types of living cells. Moreover, complex 
animals are unable to describe the correct proportion related to framework of life existing on earth. 
There is a large diversity of organisms which can be observed on this planet ranging from simple 
to complex. Bacteria (prokaryotes) can be accounted towards simple category while multicellular 
organisms (eukaryotes) belong to complex group. These organisms make use of a number of ways 
to extract environmental energy for their survival. Some organisms have evolved photosynthesis 
to serve the purpose while other may rely on cellular respiration. Their tolerance level also ranges 
from large temperatures up to boiling (thermostable bacteria) to freezing point (psychrotolerants) 
[26]. Others (Camelus dromedaries) may have high forbearance to a severe and drying out habitat 
[27].  Anyhow, a lot of work has been done on the ribosomal RNA sequence analysis and results 
of which reveals that there are three major classes for instance eubacteria, archaea and eukaryotes 
[28]. Two of the three major domains of life belong to one compact domain known as prokaryotes 
(eubacteria and archaebacteria). Moreover, there rRNA sequence analyses reveals their ancestor-
descendent relations as indicated in (Fig 1.1) Eubacteria are the ancestors of the other two domains 
while eukaryotes are evolved from archaebacteria. Prokaryotes are much simpler than eukaryotes 
containing DNA with no organization as held by chromosomes in eukaryotes [28]. Microorganisms 
are considered to be the most consistent while talking about their survival in extreme environments 
as they are steadily exposed to variations such as wind, temperature, or may be dehydration. 
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Figure 1.1: Phylogenetic relationship established between three major domains of life. Out of 
these three divisions, Archaebacteria and Eukaryotes are evolved from Eubacteria  

(https://www.google.com/search?site=&tbm=isch&source=hp&biw=1366&bih=643&q=kingdom+tr
ee&oq=kingdom+tree&gs) 

Furthermore, they are also very well adapted to alternate metabolic pathways when 
needed. These characteristics provide them a broad spectrum in which they can stay alive that 
might not be available to any other form of life [29, 30].  

Protists being an abundant group belongs to eukaryotes are unicellular in nature [31].  Their 
phenotypic and genetic variation indicates that they have much diverse lineage [28] as compared 
to any other group. The difference level among protists might be much greater than the difference 
between plant and animal clades. Afterward, ‘Protista’ kingdom arose in order to classify the 
unicellular eukaryotes excluding unicellular fungi [32] from higher organisms. Major multicellular 
kingdoms are fungi, plants and animals to which described species are 0.3 million that belong to 
plants while animal species are 1 million in number. This is a biased sample of the planet’s 
biodiversity. Among animals, mammals represent a rather small number of species. There are 
approximately 29,000 known species of platyhelminths [33], but mammalian species are one sixth 
of species as in platyhelminths. Out of all animal species, 75% of them are consisted of insects. 
The current data about living populations suggests us that insects have adapted themselves very 
well for their survival on land.  

Although organisms of particular specie differ from other, yet there are similarities shared 
by all are follows: 

 The basic unit of life is the cell 

 Chemical energy is stored in the form of ATP molecules. 

 Genetic information is encoded by DNA 

 Information is transcribed into RNA  

 There is a common triplet genetic code (with a few exceptions) 

 Translation into proteins involves ribosomes 

 Metabolic pathways are common among them each step is driven by proteins 

 Proteins are distributed among various groups of organisms are mostly similar in nature. 

These shared properties reflect the evolutionary relationships among organisms, which 
can be useful to understand the significance of shared biological processes. For example, the 
relationship between photosynthesis in plants and in bacteria may help us to improve agricultural 
applications. Similarly, some basic and central biochemical pathways such as cell cycle, gene 
expression, protein folding, and glycolysis are so central to life that they are possessed by nearly 
all organisms. Human systems are studied at broader scale by using organisms such as yeast and 
bacteria. The genomic locations which are efficiently functional during exposure to harsh 
environment can be better explored using camel as a model in that case. Experiment on model 

https://www.google.com/search?site=&tbm=isch&source=hp&biw=1366&bih=643&q=kingdom+tree&oq=kingdom+tree&gs
https://www.google.com/search?site=&tbm=isch&source=hp&biw=1366&bih=643&q=kingdom+tree&oq=kingdom+tree&gs
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organisms is a remedy to avoid unnecessary studies from raw information in trying to describe 
genomic characteristics of new experimental organisms. 

Efficient studies are being conducted by a number of researchers who are now focusing 
on model organisms due to surprisingly deep similarity present among mechanisms underlying the 
biological process. Model organisms are selected for research because they possess generalized 
details, economically important, or due to their medical relatedness. Often findings resulted from 
model organisms are applicable to experimental organisms that might not be suitable to conduct 
experiment. For instance, mouse, zebra fish, frog, chicken and complex primitive invertebrates are 
believed to be perfect models for the human diseases. In this way, various strategies for disease 
process can be studied due to their important applications in research [34].  

Invertebrate species, i.e., Drosophila might be helpful as a model selection because of their 
surprising ability to retain identical copies of genomic segments for a long time. These segments 
bear genes related to organism development are named as Hox genes that control segment 
specification in fruit flies. These Hox clusters were found to be homologs in mammals, including 
humans.  

 
Table 1.1: Model organisms used in research laboratories ranges from bacteria to higher 

organisms  

Major class Model organisms 

Bacteria E. coli and B. subtilis and others with their genome sequence finished 

Fungi Saccharomyces cerevisiae and Schizosaccharomyces pombe 

Nematodes Caenorhabditis elegans 

Arthropodes Drosophila melanogaster 

Vertebrates Danio rerio and Mus musculus 

Plants Arabidopsis thaliana 

Additionally, for medical reasons, these organisms are very important to improve human health and 
are equally reliable due to agricultural importance. Now we will discuss about cell and its 
components involved in different functionalities to get an essential toolkit for the better 
understanding of evolution. 

1.2 Cells: 

The basic unit and building block of all living things excluding viruses, is the cell. Trillions 
of eukaryotic cells are managed in a sophisticated way by nature to shape human body. These 
cells help to provide energy, make up the body structure and can provide platform to carry out 
biological functions. Apart from this, Cells also contain the body’s hereditary material and can 
generate copies of themselves. Cells have many components called organelles while each of these 
have their defined role at functional level. Some of these are specialized structures that perform 
certain tasks within the cell. These structures are one by one explained below: 

1.2.1 Lysosomes 

Lysosomes are small vesicle like structures found nearly in every animal like cell such as 
eukaryotes. Lysosome was first reported in 1949 when Christian de Duve was studying on enzymes 
in Physiological Chemistry Laboratory [35]. Lysosomal morphological picture using electron 
microscope was identified in 1950 by Alex Novikoff at Albert Einstein College of Medicine. 
Structurally, they originate by budding off from the Golgi complex containing a variety of enzymes, 
processed in Endoplasmic reticulum and then transferred to Golgi apparatus where they are further 
shaped to lysosmes (Fig. 1.2). They play a crucial role in intracellular digestion which is carried out 
with the help of hydrolytic enzymes present in it. These enzymes are proficient to catalyze a variety 
of biological processes ranges from biomolecules to cellular components. During autophagy, putrid 
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or old cell organelles are broken down to create opportunity for the assembly of newer ones as 
shown in (Fig. 1.3). Additionally, the lysosomal digestive role is also proven to be important to 
human health. Defect in a single gene of alpha glycosidase could result in instinctive metabolic 
disease. Accumulated molecules are not decomposed at regular interval due to the absence of 
necessary metabolic machinery which leads to the lysosomal storage disease. 

 
 
Figure 1.2:  Structure of a typical animal cell showing the origin and working mechanism of a 

Lysosome (www.britanicca.com). 
 

Inability in proper lysosomal breakdown stems from the fact that a gene with altered 
sequence is involved which is inherited and lost its function. It is worthwhile to say that glycogen 
storage disease (GSD) is resulted from glycogen accumulation when their breakdown mechanism 
become faulty. There are ten types of GSDs ranges from GSD Type I to GSD Type X. Out of these; 
GSD IX is controlling several genes which have been reported yet. Its two types are controlled by 
PHKA2 is the 

 
 
Figure 1.3: Lysosomes are very important for human health concerning their metabolic activities 
whether it is heterocytosis or autocytosis. The diagram above shows how unwanted substances 
that might be potentially toxic proteins, dysfunctional organelles, aggregates, or even a microbe 
are lysed to cell acceptable items. These lysed items may be amino acids, fatty acids or other 
become available to cell for further use (www.snipview.com), while PHKA1 controlling GSD Type 
IX is not very commonly found. The previous one affects liver while the later one distresses the 
muscles [36]. In short, their proper functioning has an important role in body homeostasis because 
they check the abnormal storage of lysosomal substrates. 

http://www.snipview.com/
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1.2.2 Peroxisome 

Peroxisomes or microbodies are the featured organelles present in every eukaryotic cells. 
Glyoxysomes and peroxisomes were among one of the key sub cellular members that were not 
timely identified and their significance was not reported until 1960s [37]. They are extremely 
versatile organelles in plants including their ability to show response against a number of growth 
and metabolism related signals. It may regulate pathways resident in matrix being a possible 
selective barrier, or it may be involved in shuttling of metabolites and uptake of protein acting as a 
permeable moiety to smaller molecules. 

 
 

Figure 1.4:  Peroxisome is acting as a transporter where small molecules are transported with the  
zero consumption of ATPs as shown above (journal.frontiersin.org) 

The molecular mechanism behind membrane elongation as well as fission of peroxisomes with 
successive round of membrane fission is being explored progressively at the organelle level. 
Additionally, these controlling mechanisms are conserved in plants, animals and fungi which are 
related to peroxisome division, while fission controlling components are utilized with the sharing 
from mitochondria. However, a greater portion of machinery supervising biological processes such 
as physical stimuli, signal propagation and peroxisome maintenance regulation are not yet 
explored. There are some studies which claim that active participation of peroxisomes in cellular 
functions and regulation of their copy number along with their morphology are vital for the pathology 
and physical fitness of the cell [38]. Apart from this, glyoxisomes have been observed in oilseed in 
NAD+ regeneration (an important co-enzyme) in the presence of various integrated membrane 
proteins. It has also been implicated to protect membrane from toxic oxidizing agents such as 
reactive oxygen at the stage of post-germinative sprouting.[39]  In mammals, they catalyze 
branched as well as  long chain fatty acids as shown in below figure 1.6, D-amino acids, and 
polyamines. They are also involved in biochemical synthesis of plasmalogens, for instance ether 
phospholipids crucial for the proper functioning of brains and lungs in mammals [40]. 
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Figure 1.5: Peroxisomes evolving from rough endoplasmic reticulum (femsre.oxfordjournals.org). 

 

Figure 1.6: Peroxisome catalyzing long chain fatty acid involved a number of steps 
(physiologyonline.physiology.org) 
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In total, 10% of the activity of mainly two enzymes, catalyzing biochemical reactions in 
pentose phosphate pathway, is held by peroxisomes and that pathway is critical for energy 
generation. Some of the debated peroxisomal roles in different organisms are mentioned in table 
1.2. 

Table 1.2: Some important functions governed by peroxisomes in approximately all form of 
eukaryotic life are explained in the table below. The variety in peroxisomal function makes them an 
important component out of those which are having a great impact on life. 

Organism Type of Function 

Animals Isoprenoid and cholesterol synthesis 

Plants (In germinating seed) Glyoxylate cycle 

Plants Photorespiration 

Trypanosomes Glycolysis 

Yeasts Methanol, amine oxidation and assimilation 

The glyoxylate cycle occurring in germinating seeds led by peroxisome is an anabolic 
pathway centers on the fact that it is involved in carbohydrate anabolism. For this purpose, the 
cycle biochemically converts acetyl-CoA to succinate [41]. Similarly, all housekeeping biological 
reactions mentioned in (Table 1.2) are respectively catalyzed by peroxisome. Out of these 
processes, peroxisome also produces Isoprenoid and cholesterol in animals which acts as an 
intermediate of steroid synthesis [42].  

1.2.3 Nucleus 

The nucleus is the feature of eukaryotic cells and first discovered by Robert Brown in 1831. 
He did not provide the details about what functions it play for the cell. Matthias Schleiden suggested 
its function as a cell builder and proposed the term “cytoblast” in 1838. It is enclosed in a double 
membrane which separates it from cytoplasm is known as nuclear envelope. In eukaryotic cells, 
this membrane-enclosed organelle contains majority of the cellular genome in a compact manner. 
The genetic material consists of DNA molecules along with a variety of proteins as histones that 
are used to build complex between them. These complexes are coiled and further supercoiled to 
form chromosomes.  
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Figure 1.7: Anatomy of the nucleus is illustrated in the figure above. A number of nuclear pores 
are present to facilitate necessary movement of molecules across the nuclear membrane 
(www.biospectrumasia.com) 

It is interesting to be noted that nucleus is the control centre of the cell as genes are located 
on chromosomes which are regulated by nucleus with respect to their expression as well as to 
maintain their integrity. Larger molecules such as protein and mRNA are unable to pass through 
nuclear envelop as it is impermeable to them, but smaller molecules are freely allowed to move 
through the nuclear pores to either side. Proper molecular movement across the nuclear membrane 
is necessary to optimize cellular functioning. Messenger RNA molecules are regularly transcribed 
from genes and this whole process is carried out in nucleus and then they move from the cell 
nucleus to the cytoplasm. In the cytoplasm, these mRNA molecules are translated to functional 
proteins (Fig 1.7). 

1.2.4 Cytoplasm 

The cytoplasm is a general term mainly includes the cytosol along with the many organelles 
embedded in it. Prokaryotic organisms having their nucleus absent find these sub-cellular 
structures in the cytoplasm including their genetic material. Contrastingly, eukaryotes nuclear 
envelop acts as a boundary between these components which contain the most of the genetic 
composition of its cell.  
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Figure 1.8: Structure of cell in which major biological processes are shown. Mitochondrion is found 
in cytoplasm and is called the energy production house. It is involved in the breakdown of glucose 
yielding a lot of energy depending on the cell requirement (jcs.biologists.org). 

Endoplasm appears to be grain like and present inside while the outer layer is called as 
ectoplasm that is rather glassy and clear in nature. The ectoplasm is also named as cell cortex. It 
governs major cellular processes including glycolysis to achieve basic needs for energy generation 
and cell division driving biochemical activities. Activities related to metabolism are regulated 
through signaling processes such as in and out transportation of calcium ions to the cytoplasm. In 
plants, such kinds of transportation across the vacuoles are termed as cytoplasmic streaming. 

1.2.5 Mitochondria 

The mitochondrion is double membrane bounded structure present in eukaryotic cells [43]. 
The word mitochondrion is a combination of two words; mitos means thread and chondrion, means 
granule [44]. 
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Figure 1.9: Mitochondria provide plenty of energy in the form of adenosine triphosphate (ATP) 
molecules. It is an important component of the cell involves mainly in the breakdown of glucose 
(Wikipedia.org) 

Their size ranges between 200 to 1000 μm (mm) in diameter. Their origin is speculated 
that an early symbiotic relationship was formed when an aerobic bacteria Alphaproteobacteria was 
overwhelmed by a cell having nucleus in it. Later on, they became supportive for each other in 
which prokaryote enjoyed the benefits of protection from the donor cell and in return the other 
nucleated cell began to become involved in the generation of energy. As a result, that mutual 
sharing turned into a more advance form of life as more time passed, the successive generations 
of engulfed prokaryotic cell was evolved into the semiautonomous body called mitochondria. 
Moreover, these mitochondrian were very well adapted to utilize oxygen from their environment for 
synthesis of ATPs and turned out to be an important component for today’s eukaryotic cell [45].  

The chemical energy for cellular uses is stored in the form of ATP molecules that’s why 
they are frequently nominated as the powerhouse [46]. The mitochondria are related to many 
human diseases along with their involvement in a variety of biological functions including cell 
signaling, differentiation, lyses of cell, pathways related to cell division and growth implicates their 
importance related to life other than energy supplies [47]. In addition to this, diseases associated 
with mitochondria, such as primary alterations are resulted in mitochondrial calcium signaling due 
to mutations in MICU1 causing brain and muscle disorder [48] and sometime deletion in 
mitochondrial DNA leads to chronic progressive external ophthalmoplegia [49]. The brain produces 
energy at low level in aged individuals suggesting a mitochondrial critical role in aging [50]. More 
research reveals that defects in energy metabolism, free radical generation and regulation in 
apoptosis are correlated with cancer as these are the core processes led by mitochondria [51]. 

They are unique due to a number of features and among them is their number present in 
cell. They are ranged between zero to several thousand depending upon the organism, tissue and 
kind of cell. Mainly red blood cells do not contain mitochondria while in liver cell their number may 
reach to greater than 2000 [52, 53]. The mitochondria contain compartments built from outer and 
inner membrane with space present between these membranes called intermembrane space. 
Moreover, cristae providing the large surface area to host chemical reactions and matrix contains 
enzymes catalyzing oxidation of pyruvate are other important mitochondrial components. There 
have been in total 615 mitochondrial proteins identified from human cardiac cell. The protein 
number may fluctuate a lot dependent on the tissue type and species, e.g., their number is reported 
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in rat specie is 940[54]. Although most of the cellular genetic material is packaged inside of the 
nucleus but mitochondrial genome is independent and is very similar to prokaryotic genome [55] 
and further its associated proteome is regulated dynamically [56].  

1.2.6 Plasma membrane 

Similar to other cell membranes, there is involvement of lipids and proteins in the plasma 
membrane composition. The two aqueous phases talking about inside and outside of the cell are 
kept separated from each other due to the steady barrier formed by phospholipid bilayer 
constituting the fundamental structure of the membrane. A large variety of functions are carried out 
by proteins embedded within the phospholipid bilayer such as selective transport of molecules; 
surface provider for adhesion for various foreign molecules; and cell-cell recognition even its 
reunion can be enforced through artificial means [57]. It provides protection to cell from its 
surrounding dangerous environment moreover, it also disconnects the extracellular environment 
from its interior. Plasma membrane is a selective barrier such as ionic movement along with protein 
molecules or more generally we can say organic molecules transportation [58].  

The cellular potential is regulated across the membrane through active or passive 
transportation that is an important biological mechanism necessary for survival. Any discrepancy 
in the system may lead to its respective disease. Studies in the past have revealed that variation 
in the two members SGLT1 and SGLT2 which are responsible for glucose absorption may have 
lost their usual functions during glucose and galactose uptake [59]. Similarly the regulation of 
electrolyte and homeostatic maintenance across the cell is carried out by well known K,Na-ATPase 
(NKA). It has been widely known for controlling several biological functions of those including 
growth regulation, programmed cell death, cellular movement and adhesion related activities. 
There are many subunits variants associated with NKA which catalyze biochemical reactions 
including the brain. If two such subunits which are showing their expression in the brain are mutated 
then in that case individual might develop symptoms like epilepsy, migraine and Parkinson’s 
disease [60]. The cell membrane is selectively permeable and able to regulate what enters and 
exits the cell, thus facilitating the transport of materials needed for survival.  

The transport mechanism is carried out across the plasma membrane by employing a 
variety of ways: 

1.2.6.1 Passive osmosis and diffusion 

The osmotic flow creates a pressure due to the occurrence of particular molecules in 
different concentratins across the membrane which is actually due to the semi permeable nature 
of the plasma membrane and concentration gradient. As long as there is a concentration difference 
on both sides, there is the movement of water molecules on either side of the cell due to osmotic 
flow. In spite of this, small molecules can easily move across the membrane for instance O2 and 
CO2 are freely diffused through the membrane. Transportation of these molecules doesn’t require 
energy that is why it is termed as diffusion. 

1.2.6.2 Transmembrane channels 

Transmembrane protein channels and transporters carriers are there to facilitate the 
molecules to pass through them passively. These molecules, such as smaller units of 
carbohydrates, proteins and lipids, are the prime requirement for the cell so must be transferred 
inside while certain wastes shall leave the cell. Generally transmembrane channels are of two 
kinds, such as aquaporins and permeases which are present to assist in passive movement of H2O 
molecules and play a vital role in the transportation of a rigid range of chemical moieties related to 
food. The later type of transporter is rather a specific which recognize and then transports the 
concerned food particles. During late lactation period in camels, the intestinal defense mechanism 
is activated by camel mammary glands cells. Out of those, the higher level expression of adhesion 
molecules e.g., WC+1+ is reported in literature for such kind of activities [61]. Alterations in the 
regular passage of minerals and removal of wastes may result in a disease. Developing an 
understanding of mechanism behind the compromised cell trafficking may help to find a better cure 
of several associated diseases [62]. 
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Bilateral frontoparietal polymicrogyria (BFPP) is related to improper brain development. 
The major symptoms associated with BFPP are mental retardation, epilepsy, language impairment 
and late development of bio-motor. A few mutations are in the coding region of GPR56 cause 
BFPP. These mutations actually cause irregularities in the traffic across plasma membrane. The 
parent protein which is normally expressed from GPR56 undergoes post translational modification 
including its cleavage assisted by GPS domain. The resulting N-terminal fragment is then released 
from the cell surface towards the target. Mutations in the GPR56 reduce the intracellular 
transportation thus malformation of the cell surface is resulted. In addition to this, mutations at GPS 
region of GPR56 are involved in traffic failure from the endoplasmic reticulum [63] and 
pharmacological chaperones provide assistance for mutant GPR56 expression at the cell surface.  

1.2.6.3 Endocytosis 

The molecules are routinely swallen by cells and the process termed as endocytosis. 
Endocytosis starts by inward deformation in the plasma membrane created due to the physical 
contact between the membrane and the particle to be engulfed. The food particle is then entered 
inside the cell by rolling around itself the part of plasma membrane. Moreover, it is an active 
transport mechanism that usually requires energy. Endocytosis may cause disease sometimes 
when viruses and bacteria are eaten and vacuoled inside of the cell by taking the advantage of this 
mechanism [64]. Prion disease such as transmissible spongiform encephalopathies (TSEs) is a 
neurodegenerative disease in animals as well as in human led by accumulation of abnormal prion 
protein isoform during endocytosis. There are reported characteristics of PrPd (an isoform of PrP 
associated with disease) in sheep and scrapie which leads to oddness in endocytosis [65]. 

1.2.6.4 Exocytosis 

The material goes inside the cell so extra substances not falling in its requirement range 
should be brought out in the form of vesicles by invagination. The plasma membrane is contacted 
by vesicles normally and contents of the material to be exocytosed are released by opening created 
in the vesicle. The vesicle membrane is adjusted by the plasma membrane by joining the free ends 
with the plasma membrane with its shape restored later on. Various undigested residues 
transferred earlier inside are removed during exocytosis. Secretions are other important material 
which plays an important role to carry out important functions are also exocytosed. These 
secretions may be hormones or enzymes to catalyze biological reactions. Golgi apparatus buds off 
chemical contents containing secretions in the form of vesicles which are then carried towards cell 
surface with the assistance of cytoskeleton. Mode of delivery is the fusion of vesicle membrane 
with the plasma membrane followed by fission to release of secretory contents leaving behind the 
lipid bilayer of both membranes to rearrange themselves. Discrepancies raised in the regularity 
mechanism results in several diseases as well as exocytosis may help other species in growth such 
as interaction of the fungus Cryptococcus neoformans with macrophages is an excellent example 
of relationship in which both cells survives. During the interaction exocytosis results in the secretion 
of fungal cells which is also referred to as nonlytic exocytosis [66].  

Further exploring molecular complexities underlying the exocytosis are helpful to find the 
treatment of diseases. Cellular traffic is disturbed when there are changes due to mutations in the 
core regions responsible to maintain homeostatic environment. These variations in regular 
maintenance of homeostasis in cell may be due to pathogenic attack as they have evolved new 
mechanism to ensure their survival by taking control over the cellular machinery. These pathogens 
may include viruses, bacteria and parasites that can disturb exocytosis mechanism to facilitate their 
survival within the host cell until it is needed [67].  

Wilson disease is another disorder resulted due to mutated transporter gene ATP7B 
responsible to remove excessive Cu into the bile where it enables lysosomes to undergo elevated 
exocytosis resulting in the accumulation of Cu in heptocytes. As lysosomes serve as an 
intermediate to release excess Cu so it can be considered as a therapeutic target to find cure 
against Wilson disease. So it is worth noticing that membrane traffic disturbances occur either due 
to genetic factors or pathogenic infection. Developing advance skill to understand these molecular 
mechanisms also explores the relationship among living organisms and their environmental 
dynamics for alleviation of a variety of human diseases [68]. 
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The plasma membrane is composed of two layers of lipid that’s why the passage of protein 
and lipid molecules becomes more facilitated. That is actually a reported modal related to biological 
membrane structure is known as fluid mosaic model [69]. Primary component used in the formation 
of plasma membrane is although lipid but huge numbers of proteins also increase the surface area 
covered by integral membrane having more structural contents in it. The proteins apart from lipids 
at structure level include complexes among proteins, blockades and fences which are formed under 
the combinatorial influence of actin-related cytoskeleton and lipid rafts.  

The arrangement of phospholipid is regular and self assembled in the form of thin layer. 
The formation of continuous lipid bilayer is governed by intermolecular forces developed during self 
assembly such as H-bonding, Van Der Waal interactions, electrostatic forces and several non-
covalent contacts. The process of assembly is spontaneous and arrangement is in such a manner 
that all lipid bilayer tails are pointed towards each other being separated from polar substances 
while head portion of the lipid molecules are arranged by pointing towards the polar fluids to interact 
with intra (cytosolic) and extracellular substances. That is due to the amphipathic nature of lipid 
molecules being polar at head alongwith non-polar tail. Being not permeable to ions and polar 
substances, the arrangement of lipid bilayer does not allow subunits of proteins and DNA and 
oligonucleotides, polypeptides and ions. It is generally permeable to hydrophobic molecules 
through passive movement. The cell has the ability to control the passage of hydrophilic moieties 
across the plasma membrane through transmembrane complexes for instance gates, pores and 
channels. 

There is a direct correlation between TGF-beta-induced matrix metalloproteinases (MMP-
9) activity and increased endothelial cell permeability. Endothelial cells permeability not only 
increases but also TGF-beta expression is controlled under the influence of MMP-9 production of 
glial cells origin. MMPs is a potential agent known for the blood-retinal barrier collapse to initiate 
angiogenesis with glial cells involved in a similar kind of role by expressing regulatory proteins such 
as factor TGF-beta, which is activated under hypoxia condition. Elevated permeability of endothelial 
cells when cultured with glial cells with the treatment of both TGF-beta and MMP-9 shows that both 
are potential agent to break blood-retinal barrier [70]. The inner membrane contains NANA and a 
negative charge phosphatidyl serine whose concentration is assisted by flippases and scramblases 
creates an elevated barrier to the passage of charged substance across the membrane. 
Additionally, membrane serves for ATP synthesis during the process chemiosmosis in prokaryotes, 
mitochondria and chloroplasts of eukaryotes. 

Similarly, Muller cells have an impact on the trafficking of substances such as insulin and 
albumin across the cellular membrane mainly of retinal endothelial cells. Muller cells belong to a 
glial cell category and are very supportive for retinal neurons and are present in vertebrate retina. 
Discrepancies associated with Müller cell may consequently lead to blood retinal barrier collapse 
resulting it in early pathological diabetes. Behzadian and his co-workers investigated a mechanism 
to variations in permeability of retinal cells due to Muller cells at normal pressure (20% O2) and 
lower level with (1% O2). Under normal pressure, the permeability is greater due to Muller cells 
while it is weaken when they are provided hypoxic condition. So we can say that Muller cells are 
involved in the regulation and maintenance of blood-retinal barrier in health and disease while 
having a significant impact on selective transportation across the barrier [71]. 

On the other end some pathogens have evolved a complex mechanism to attack their hosts 
through Type III secretion systems (T3SSs) by penetrating the barrier defense and immunity of the 
host. The T3SSs system consists of two rings that lead the continuous path across the cellular 
membrane resulting in to ease the infection process. Mostly pathogens use this mechanism as a 
front line weapon to cause virulence in the host cell. Many of these don’t lost their infection ability 
when that system is present in them also that they are pretty much immune to opposing strategies 
whatever employed against them. It is also reported in literature that the absence of T3SSs affects 
ability to cause infection towards declining phase. Thus T3SSs can be regarded as a rich target 
moiety for researchers to discover better cure against a variety of infections and inflammations [72]. 
In spite of this, all microbes are not harmful but Lactobacilli are a group of micro-organisms that 
have a lot of potential to overcome disorders related to intestine and a few evidences are reported. 
Marianna Roselli and company reported the noval isolate L. sobrius that provide protection against 
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the enterotoxigenic Escherichia coli (ETEC) adhesion and consequently beneficial to the host in a 
large extent by avoiding pathogenic invasion as they provide integrity to the cellular membrane. It 
is a complex mechanism in order to maintain a healthy barrier that is achieved through a number 
of processes including IL-10 mediated lower level expression of IL-8, regulation of tight junctions 
that function to seal plasma membrane spaces and cytoskeletal proteins, and occluding 
phosphorylation. These characteristics make them one of the important class of microbes having 
protective and supportive role towards health through diversity in their mechanisms [73]. 

1.2.7 The ribosome 

The ribosome is rather a complicated component of the cell, larger in size and works like 
machinery for protein synthesis during translation. During translation amino acids are linked with 
each other in an order mediated by respective messenger RNA. Information coded in RNA 
molecules are read by smaller subunits and larger subunits of ribosome takes care about the 
growing polypeptide chain. These large and small subunits are two major components of the 
ribosome by which it is composed. Ribosomal RNA along with a diverse number of proteins are 
used in each subunit composition. Each subunit is composed of one or more ribosomal RNA (rRNA) 
molecules and a variety of proteins. In eukaryotic cell, the longer subunit is 60S while small subunit 
is 40S. The complete ribosome is 80S. On the other hand, in prokaryotic cell, larger is 50S and 
smaller subunit is of 30S. Hence, the complete ribosome is 70S. Due to their excellent ability to 
tackle one of core process of central dogma they are referred to as the translational apparatus. 

The DNA sequences are used to generate a large number of RNA copies and these RNAs 
are held by ribosomes to work for protein synthesis by binding with them. The RNA copies act as 
templates to guide correct translation towards protein synthesis. Any discrepancy in this process 
leads to abnormality [74, 75]. The charged tRNA molecules are transferred to ribosomal subunit 
and bind to mRNA carrying amino acids regularly during polypeptide chain formation. The amino 
acids are then released and joined to the preceding polypeptide chain with the assistance of larger 
subunit of ribosome. The large complex structure of a ribosome splits apart when it finished the 
reading of a mRNA molecule on reaching terminating codon. It is interesting to see that more than 
one ribosome can bear a single mRNA each reading and expressing the protein from it. That kind 
central dogma has been observed in bacteria and archaea. The eukaryotic cells containing 
ribosomes in their mitochondria share a lot of features with the bacterial ribosomes, suggesting 
mitochondrial origin from those microbes [76]. In the end, the finished amino acids sequence is 
folded to thermodynamically favorable confirmation to fulfill its role in the cellular body. 

Three major domains of life such as archaea, bacteria and eukaryotes contain ribosomes 
that vary significantly in their sequences, structures, sizes as well as RNA to protein ratio. These 
differential compositions of ribosomes of different origin are very crucial from the research point of 
view where scientists mostly take them as a target against drugs whose mode of action is to destroy 
only pathogenic ribosomes leaving behind the human ribosomes. They are present in the cells as 
an essential component to carry out process related to cell growth and consequently to ensure its 
survival. As most of the composite molecules to which they are formed are synthesized from 
genome so any mutation in that region proves to be very deadly, due to the complexes having 
indispensible nature towards their final roles. Conversely, in the last few years, a large number of 
diseases of ribosomal origin are being elucidated as a challenging assignment by researchers at 
molecular level. These diseases will be discussed in a number of coming paragraphs. 

The epigenetic machinery comprises one of the vital type is the DNA methylation that 
serves to regulate expression of genes as well as changes in multiple gene. Differential expression 
analyses generate excellent reports in diseases diagnosis. Vital discoveries of Diego Mastroeni 
and company evaluation reveal that there are ten markers which are responsible for DNA 
methylation dysfunction. Out of these, two markers work for DNA methylation and rest of the other 
eight factors are involved in the maintenance of methylation in a region named entorhinal cortex 
layer II exhibiting significant pathology of Alzheimer disease also in that region several genes have 
been reported due to their variable expression profiles in disease cases. During AD cases, 
immunological reactivity of all factors and markers is declined in neurons. These negative sort of 
variations can be observed particularly in the case of PHF1/PS396 and neurofibrillary tangle-
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bearing neurons along with the immunoreactive interaction between rRNA and DNA methylation 
maintenance factors for instance DNMT1 and MBD2 showing their capacity towards ribosome 
synthesis. It is worth noticing that epigenetic dysfunction in the neuronal vulneration is due to AD 
[77]. 

1.2.7.1 Treacher Collins Syndrome (TCS) 

Treacher Collins syndrome (TCS) is an autosomal dominant disorder and known for its 
variation with respect to its severity. It is a craniofacial disorder but its attacking areas include eyes, 
ears and facial bones, specifically cheeks and the jaw at its lower end. Recent reports on gene 
encoding Treacle (TCOF1) say that over 200 mutations have been found in the literature in which 
they are known to be associated in the process as a causal agent of TCS. However, treacle is a 
phosphoprotein of possibly nucleolus origin has an important role in the transcription of ribosomal 
RNA synthetic DNA region as well as it takes part in the methylation of 18S rRNA region [78]. 

1.2.8 Golgi Bodies 

The Golgi apparatus is found mostly in eukaryotic cells and first identified by a physician 
Camillo Golgi in 1897 by silver staining technique in goblet cells. Due to its larger size, it was the 
first organelle discovered and investigated in a great detail. Structurally, being the part of the 
system of its cellular endomembrane, its importance can be revealed in a way that proteins are 
processed and packaged insides it before they are transported towards their respective targets. 
They are found in both plant and animal cells residing within the cytoplasm having cisternae. 
Cisternae (singular cisterna), sometime also referred as dictyosome especially in plant cells, which 
are actually stacks of membrane bounded structures which reach up to 100 in number as in the 
case of mammalian cell; sixty in protists [79]. Between four and eight cisternae are usually present 
in a stack; however, in some protists as many as sixty have been observed [80]. Each cisterna is 
comprised in a flat shape enclosing a disc surrounded by membrane that is involved in direct as 
well as indirect modification of parcel proteins travelling through it [81]. 

Functionally, there are four regions by which the cisternae stack is made such as the cis, 
medial, endo, and trans network. The endoplasmic reticulum releases vesicles which are then 
progressed to Trans-Golgi network while moving through the cisternae stack where they are further 
processed very much depending upon where they reside. For this purpose, different enzymes are 
present in each region that only modifies the contents depending upon their residence and nature. 
After processing they are passed to their destined regions. Contents, it modifies includes a large 
number of different macromolecules which are synthesized in it on regular basis and either it is 
used inside of the cell or secreted, later is called as exocytosis. Their purpose is not limited to 
secretion but they are crucial in the maintenance of lipid transportation around cell as well as 
manage the formation of lysosome. Cumulatively, it can be considered as a post office, where 
different items are labeled and sent to their respective destinations. These labelles or modifications 
are carried out by enzymes within the cisternae in the form of adding glucose or phosphates to 
protein contents is respective termed as glycosylation or phosphorylation. Chemical substances 
needed by Gogli Apparatus are made available from cytoplasm where sugar molecules are 
transported for usual processing. These modifications also include in ending up an added signal 
sequence required an item for its target place determination. Such as, a mannose-6-phosphate 
signal is added by Gogli to proteins be delivered for lysosomes. 

The Golgi also provides a surface to synthesize carbohydrates along with this it 
manufactures an important compound proteoglycans usually reserved to be localized in the animal 
matrix of extracellular nature. Chemical mechanism of proteoglycans concludes first the production 
of long chain polysaccharides glycosaminoglycans that are then attached to a protein of ER origin 
by Golgi and this attachment results in the formation of proteoglycans. Additionally, they 
phosphorylate apolipoprotein which provides an opportunity for the VLDL synthesis that is an 
important component of the plasma. These phosphorylated molecules are widely believed to be 
secreted into the blood. It is thought that the phosphorylation of these molecules labels them for 
secretion into the blood [82]. Due to the presence of BCL2 family members which are also resident 
in the mitochondria, the Golgi is regarded as a putative link with apoptosis. A new Golgi anti-
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apoptotic protein (GAAP) is characterized and protects the cells from being killed with the 
mechanism still not understood at molecular level [83]. 

The parcels leaving from rough endoplasmic reticulum are shifted towards cis component 
of Golgi where they are programmed to release their contents into the lumen after fusion with the 
Gogli membrane. Moreover, they are sorted after being modified as per requirements and 
transported towards their next target. They take part in synthesis and secretion of a large quantity 
of substances due to their large size as well as they are present in enormous number inside the 
cell. Such as the plasma B cells and immune cells involved in antibody secretion which have 
significantly large Golgi complexes. That is all concludes the mechanism of proteins which are 
moved towards cis end of Golgi apparatus while proteins targeted at trans places of Golgi are not 
actually destined for either the Golgi complex of endoplasmic reticulum. Trans-Golgi network is a 
complex membranous network that is evolved to be associated with vesicles where proteins are 
shipped after sorting to their proposed targets by their placement into one of at least three different 
types of vesicles. Every protein carries a sorting signal on it that defines the type of vesicle in which 
it will be placed. 

1.2.9 Endoplasmic reticulum 

The endoplasmic reticulum (ER) that builds a cluster of flat sacs or tubes surrounded by membrane 
continuous with nuclear outer membrane of the envelope mainly in eukaryotic cells are known as 
cisternae. The endoplasmic reticulum membranes were first seen in 1945 by Keith R. Porter and 
co-workers using electron microscopy [84]. ERs are very crucial components of the eukaryotic cells 
but red blood cells and spermatozoa are deprived of them. Two types of ER occur in nature are 
rough endoplasmic reticulum (RER) and smooth endoplasmic reticulum (SER). The ribosomes 
which are sites of the protein synthesis stood to the cytosolic face of the rough endoplasmic 
reticulum. RER is present in majority in hepatocytes while ribosomes are not resident on the active 
smooth endoplasmic reticulum and they participate in the metabolism of lipid and carbohydrates 
additionally they also supervise detoxification due to which they are abundant in liver and gonad 
cells of mammals. Depending upon variations in metabolic activities of the cell the RER and SER 
quantity may be interchanged with the assistance of embedding of new proteins in membrane and 
followed by structural transformation.  

Ribosomal RNAs (rRNAs) are distributed among all recognized organisms due to their 
functional implications and equivalences. Their conservation status helps to establish excellent 
phylogenetic relationships through statistical analysis of 18S rRNAs. The novel sequences of 18S 
rRNA can be exploited for a variety of molecular reasons by using knowledge about their steep 
expression in a given species [85]. 

The ribosomes in eukaryotic cells are generated when 47S and its partner are co-
transcribed by RNA polymerase I in the nucleus. Now several proteins including ribosomal as well 
as non-ribisomal are functional to govern pre-ribosomes their maturity. For this purpose, first, they 
are processed by these proteins to 28S, 18S+5.8S and then become associated with polycistronic 
partner in order to form 90S pre-ribosome [86, 87]. In the opposite unit of transcription process, the 
polymerase III synthesizes 5S rRNA which chemically becomes associated with the preliminary 
ribosome 90S [88]. The 47S pre-rRNA forms precursor to 40S and 60S ribosomal subunits with a 
lot derivations and cleavage processes governed by ribosomal proteins and then maturation is 
achieved when they are allowed to be transported in cytoplasm. The 18S ribosomal RNA is 
contained by the smaller subunit while 28S is present in larger subunit of the mature ribosome 
additionally 5.8S and 5S rRNAs along with the variable number of ribosomal proteins depending 
on species are also held by larger subunits. They are vital for cell growth and survival. Any 
discrepancy in ribosomal systems may prove to be very dangerous. There have been reported a 
number of diseases related to ribosomal systems while their underlying molecular mechanisms are 
being exploited [89].  

Ribosomopathies include a number of impaired systems at the molecular level which 
hinder the generation of ribosomes and consequently disturbing their proper functions. Several 
mutations have been studied including congenital mutations in RPS19 along with a few ribosomal 
proteins which are known to cause a disorder characterization of hypoplastic macrocytic anemia 
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also known as Diamond-Blackfan anemia. Instead of this other syndromes are resulted from 
mutations in genes controlling the assembly of mature ribosomes such as rare congenital 
syndromes, dyskeratosis congenita, Treacher Collins Syndrome, Schwachman-Diamond 
syndrome and cartilage hair hypoplasia,. Moreover, erythroid phenotype same as Diamond-
Blackfan anemia origin is due to the haplo insufficient expression of ribosomal protein RPS14 as a 
consequence of the somatic deletion at chromosome 5q that is why it is called as 5q− syndrome. 
Human malignancies are studied at a broader scale due to implication of irregularities in ribosomal 
functions. The p53 pathway is medically as well as clinically crucial to ribsomopathies as it controls 
gene expression along with this it gives integrity to genome while it is activated in response to faulty 
processes of ribosome biogenesis. Such kinds of clinically important factors are very helpful to 
develop novel therapeutic strategies against diseases [78]. In this way, the proper functioning of 
mature ribosomes is crucial to endoplasmic reticulum optimized role in cellular homeostasis. 

Protein folding is important when we talk about its function at a particular target venue. ER 
chaperones assist in proper folding of these proteins when synthesized in ER. During folding, some 
abnormalities are observed in remaining successful to achieve proper confirmation through post-
translational folding so this in return activates the defense mechanism called ER stress response 
when unfolded proteins are expressed in a significant amount. The stress response induces the 
expression of ER-associated protein degradation (READ) known to degrade misfolded proteins 
and chaperones which cumulatively optimize the protein translation to provide some relief to ER 
which may become too much overloaded to fold proteins. There are three categories of response 
pathways which are important on their own way independently to regulate READ component, the 
expression of chaperones and protein translation regulation. Several factors are responsible for 
disturbance in the ER stress response including aging, genetic mutations, or environmental factors 
and eventually they pose threat to normal life or even diseases such as diabetes, inflammation, 
and conformational diseases also result including Alzheimer's disease, Parkinson's disease and 
bipolar disorder. In short, here the potential targets are various molecules which are responsible 
for ER stress response regulation in protein failing to produce proper conformation related diseases 
[90]. 

In dairy cows, the fatty liver development is the onset of strong metabolic evolution assisted 
pathophysiological disorder called as periparturient phase, which is a stressful period. There is a 
connection between this periparturient phase and ER stress response due to the accurance of 
common subset of the symptoms originates under the condition of ER stress. So there is an ER 
stress related activities in the cows when they are troubled with this periparturient disorder and 
consequently leading to the origin of the response related to protein unfolding. Studies reveal that 
XBP1 the hallmark of ER stress response is the proper marker gene along with its 13 other genes 
those significantly varied their expression level during experimental control conditions. They 
increase activities related response against protein unfolding in liver due to variation in their 
expression profiles [91]. In this way, ER response in the livers of cows during early lactation is 
involved in the ER stress affiliated pathological conditions and also causes many biochemical 
symptomatic variations as observed in the case of fatty liver of periparturient cows. 

Keeping this in view that ER response related activities may be associated with some major 
outcomes to which one has been discussed in the above paragraph. Moreover in another study ER 
dysfunction plays a crucial role in a variety of neurodegenerative disorders, including Alzheimer's 
disease. The process begins from response initialization due to protein unfolding as a consequence 
of protein misfolding during stroke in neurons possessing less energy resources that is up to greater 
extent similar to toxic effects of reperfusion. This toxic effect is due to the peptide amyloid β and its 
presence stimulates ER stress in Alzheimer cases, which as a result activates similar pathways. 
Furthermore, a poorly characterized response due to ER overloading is induced by the neuronal 
ER when it gets accumulated by the polymeric neuroserpin in it. A number of evidences have been 
reported in literature about Huntington’s and Parkinson’s neurological disorders in which ER 
dysfunction related recognition is well understood however its pathological mode of action is yet to 
be clearly recognized. Targeting these factors affecting signal response and proper elaborations of 
their toxicity one can be successful in discovering treatment of a wide array of neurodegenerative 
diseases [92]. 
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Glucose regulatory proteins such as GPR78 and GPR94 along with calnexin, lectins, 
calreticulin, the thiol-disulfide oxidoreductase, protein disulfide isomerase and ERp57 play a crucial 
role as chaperones and sensory moieties to derive folding. On a number of occasions it has been 
seen that disturbance in any of the core mechanisms such as protein folding, lipid biosynthesis or 
calcium storage leads to misfolded proteins, ER stress as well as a lot of synchronized signaling 
responses called unfolded protein response (UPR) which suddenly shift their regulatory activities 
at very high level. The UPR characteristic features are that it induces chaperones, misfolded 
proteins degradation also it keeps in check protein translation. Being fundamental in cellular 
homeostasis and physiology maintenance, if ER stress persists and remains unresolved then it 
results into apoptosis.  

In spite of this, key enzymes for folding process; chaperones for ER molecules; and 
response against UPR are collectively linked to aging so mostly they are compromised during the 
aging process. Due to progressive failure of chaperone systems, proteins are not soluble and 
consistently being accumulated in body organs such as brain, liver or spleen and as a result age 
related diseases are originated for instance Alzheimer's disease, Parkinson's disease, type II 
diabetes and familial insomnia. In short, early recognition of the ER stress response state can help 
us to detect early pathological conditions related to age as well as to provide treatment in early 
stages so that ER stresses to be maintained in future. Consequently, a lot of UPR implications in a 
chunk of neurodegenerative diseases; several cancers and familial protein folding diseases and 
some case where it is known to cause inflammation such as atherosclerosis, diabetes, arthritis and 
inflammatory bowel disease so UPR can be proved to be an excellent target for many scientist 
working in that area in order to find treatment against these fatal diseases [93]. 

1.3 Types of Cells 

The fundamental unit of life is structurally of two types: prokaryotic cells and eukaryotic 
cells. Prokaryotes are simpler than eukaryotes as they have although cell membranes and 
cytoplasm, but their genetic material is not contained in the nucleus bounded by nuclear membrane. 
Additionally, they don’t have cytoplasm separated by a nuclear membrane. Instead, nucloid term 
is used for the structure they achieve after condensation of their DNA. The nucloids are not 
considered as highly structured as compared to chromosomes in eukaryotes which is the modern 
way of keeping one’s genetic composition for better security and integrity. The prokaryotes don’t 
contain organelles chloroplasts and mitochondria that is perhaps one of the reason to being too 
small as well as their little generation time up 20–30 minutes.  

The eukaryotic cells are more advanced form of cells usually the characteristics of complex 
organisms such as fungi, flies, mice, and men that are known to possess a true nucleus along with 
a number of membrane bounded organelles. Mitochondria and chloroplasts are key organelles 
found in animals and plant cells where respiration process is carried out to generate energy and 
photosynthesis occurs for food storage respectively in them. They require relatively longer time 
span to proliferate as compared to prokaryotic cells that may be prolonged up to 24 hours in the 
case of animal cell during tissue culture while other may remain integral such as neurons. Cellular 
organization consists of various organelles and compartments that function in synchronization to 
achieve overall critical role for better survival of the organism. The plasma membrane—the “face” 
that the cell shows to the outside world—is decorated with transporter proteins capable of moving 
particular classes of molecules into and out of the cell. Because of their more complicated structure, 
eukaryotic cells have a more complex spatial partitioning of different biochemical reactions than do 
prokaryotes. For example, translation of particular mRNA molecules (ribonucleic acid copies of 
DNA coding for proteins) occurs on the endoplasmic reticulum, and processing of polypeptides 
may occur in the Golgi apparatus. The cellular cytoskeleton (composed of microtubules, 
microfilaments, and other macromolecular assemblages) aids in the trafficking of proteins and other 
cellular components from point to point in the cell. Respiration (the production of the energetic 
molecule ATP by oxidation of carbon compounds in the presence of oxygen) is localized on the 
membranes of mitochondria. All of these features imply that particular proteins may be localized 
for function in some compartments of the cell, but not others. The simplest “food” requirements are 
seen with bacteria. For example, E. coli can grow in water containing ammonium chloride, 
ammonium nitrate, sodium sulfate, potassium phosphate, and magnesium sulfate (NH4Cl, 
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NH4NO3, Na2SO4, KH2PO4, and MgSO4, respectively) at pH 7.2 with glucose as the sole source 
of carbon and energy. The water usually contains other necessary metal ions in trace amounts. 
These substances flow into the cell through the inner and outer membranes. From a single type of 
sugar and inorganic precursors, a single bacterial cell can produce approximately 109 bacteria in 
approximately 20 hours; E. coli is also capable of importing other organic compounds into the cell 
from the outside, including other types of sugars and amino acids, when available. To grow animal 
cells (e.g., human cells) in tissue culture, it is necessary to supply not only glucose and inorganic 
salts but also about a dozen amino acids and eight or more vitamins (plus other ingredients). 
Eukaryotic cells must import a large variety of components from the outside environment (matter 
flow). Because eukaryotic cells typically are 10 times larger in linear dimension than prokaryotic 
cells, their volumes are approximately 103 times larger than volumes of prokaryotic cells, and 
diffusion may not suffice to move molecules in or through cells. Therefore, eukaryotic cells employ 
mechanisms of protein and vesicle transport to facilitate matter flow. Another defining characteristic 
of eukaryotes is the machinery required for managing the genome during mitosis and meiosis 
(described below). Unlike prokaryotes, eukaryotes package their DNA in highly ordered 
chromosomes, which are condensed linear DNA molecules wrapped around octamers of proteins 
called histones. Since there are often many chromosomes, mechanisms to ensure that each 
daughter cell receives a complete set are needed. This involves formation of the mitotic spindle, 
which includes microtubules that also contribute to the cell cytoskeleton. In addition, regulatory 
mechanisms are required to coordinate mitosis with DNA synthesis and the physiological state and 
size of the cell. These are fundamental processes that are shared by all eukaryotic cells. This 
section has briefly presented a variety of information about the structure and biochemistry of cells. 
The DNA, RNA, and protein sequences with which computational biologists deal are important 
primarily because of the functions that they have within the cell. As we shall see, relating functions 
to macromolecules and sequences is one of the problems addressed in computational biology. 

We are also introducing few of the latest trends in cell biology which are worthy to mention 
here for the initial knowhow of the readers. 

1.3.1 Stem Cells 

The undifferentiated cells are called stem cells which can transform themselves into 
differentiated cells leading to more production of stem cells. In multicellular organisms two types of 
stem cells are present which are adult stem cells and embryonic stem cells. We can isolate latter 
from the core cell mass of the blastocysts and the former type can be isolated from various tissues 
in the body. There are two most distinguished characteristics which are involved in identification of 
stem cells from other cells. One of them is that during experimental conditions or physiological 
changes they can develop into organ or tissue specific cells. Second feature is that after some long 
periods of cell inactivity, these unspecialized cells can renew themselves via cell division. In various 
tissues of the body these stem cells are involved in internal repair mechanism to replace the 
damaged and worn out tissues.  

1.3.2 Cell development 

When a sperm and egg fuses, it results into fertilization, leading to an embryo development. 
Firstly, growth of similar cells occur, stage termed as blastula. Then, Cleavage division occurs 
resulting in four celled stage and at last 8 celled stages is formed leading to a gastrula stage. Here, 
three layers are formed which are ectoderm, mesoderm and endoderm. These layers give rise to 
different organ developments of an embryo and this is how different cells are formed within that 
particular zygote and this is how internal and external organs form. 

1.3.3 Cell Senescence  

Cellular senescence alternatively called as replicative senescence is a process of aging of 
cell at different levels. It is the limited proliferation of the normal cells. Scientists reported that many 
human cells like fibroblast cells which secrete the substances that help to maintain structure of 
tissue, have a restricted reproduction capacity. Many cells derived from the embryonic, newborn 
tissue and fetal tissues have a limited number of cell divisions like 40 to 60 cycles and after this 
they don’t divide further. This is also called as Hyflick limit. Scientists suggest that the Hyflick limit 
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of the cells depends on the length of the telomeres which can be considered as caps on the ends 
of chromosomes. Each time the replication takes place the chromosome doubles so that equal 
amount of genetic material is passed to the cell but after every cell division some part of the 
telomere is lost. When the cell reaches 40 to 60 cycles or even more and the length of the telomere 
becomes critically short and thus the cell is not able to divide further. This phenomenon in which 
shortening of telomere takes place, cause the cell aging and it can be triggered by the damage to 
genome, epigenetic mechanisms and mutations. Scientists are now a days focusing on this 
mechanism to suppress tumor formation and cancer by limiting the cell divisions. 

1.3.4 Cell Signalling 

Involves transmission of signals between cells within an organism. These signals may even 
be transmitted between two organisms. In an individual, embryonic cells transmit signals with the 
cells of the uterus while implantation, bacteria carry out signal transduction with epithelial and 
immune cells of the digestive tract. Similarly, yeast might send peptide signals to their surroundings 
which might bind to a receptor cell and prepare it for mating. Signal transduction can be further 
classified into different classes, such as intracrine (signals that stay within the cell itself), autocrine 
(signals affect the cell itself by cell receptors), juxtacrine (signals affect the neighboring cells), 
paracrine (signals that target cells in the vicinity and close proximity) and endocrine (signals that 
target cells in distant). Apart from this, hormones, neurotransmitters and cytokines are responsible 
for signal transduction in humans. Multicellular organisms use pheromones for signaling purposes 
while unicellular organisms use qorum sensing for signal transduction 

1.3.5 Apoptosis 

The rate of cell division and cell death is controlled by intracellular mechanisms and it is 
necessary to control the rate of cell death similar to cell division. Therefore, certain internal 
processes like programmed death of the cells occurs. Apoptosis is the event in which cells undergo 
programmed self immolation. This process is strongly controlled for the development and growth 
of cells and any defect in it can lead to anomalous development of cells and cell functioning. During 
stress conditions and various biochemical changes which lead to changes in the morphology of the 
cell and thus cause the cells to commit suicide. The response of the cell to the stress conditions 
varies from survival to the death leading to the elimination of damaged cells   

1.3.6 Cell Division 

In the most encompassing sense, cell division is the process in which a progenitor cell 
produces two viable descendants. It is important for the reproduction of the cell and produce its 
own kind as it is an inherit property of the cell. In 1858, Rudolf Virchow said “Omins Cellula e 
Cellula” which means that from pre-existing cell new cells are produced. Every cell which is capable 
of division undergoes a process of cell cycle. Mitosis and Meiosis are the two types of cell divisions. 
Equational division also known as mitosis is mostly limited to diploid cells. However there is an 
exception as in some lower plants and social insects, mitosis in haploid cells is reported. The cells 
produced by mitosis consist of identical genetic makeup. The growth of an organism is mostly due 
to mitosis. Another very significant function of mitosis is the cell repair. The cells of upper layer of 
epidermis, gut are replaced by the process of mitosis. There are two stages of mitosis Karyokinesis 
(nuclear division) and Cytokinesis (cytoplasmic division). Karyokinesis is further divided into 
prophase, metaphase, anaphase and telophase. The second type of division is meiosis also known 
as reductional division. It occurs only in germinal cells, where half of the original set of chromosome 
from the parents is passed to the daughter cells. The reproductive cells thus produced are diploid 
in nature. Meiosis is completed in two stages Meiosis I and Meiosis II. 

1.3.7 Neuronal and Immune Cells 

Neuron cells are the integral part of brain which is responsible for cell signaling to all parts 
of the body. Not only are the sensations controlled by the brain, but locomotor activity is lso 
controlled by the brain neuronal cells. These neuronal cells interact with various neurotransmitters, 
such as dopamine, acetylcholine, serotonin, etc, to carry out responses. For example, serotonin 
and dopamine are associated with mood swings while acetylcholine is associated with most of the 
motor activity in the body. On the contrary, immune cells are responsible for the generation of 
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strong immune response in the body. These cells, such as B lymphocytes, T lymphocytes, etc are 
responsible for providing a strong defence to the body. B cells are part of humoral immunity 
whereby APCs, macrophages and phagocytic cells work in conjunction to remove a foreign harmful 
particle from the body. T cells, on the contrary, are responsible for generating cell-mediated 
immunity where Tc and TH cells work together to kill any foreign particle through exogenous and 
endogenous MHC processing. 

1.3.8 Transcription and Epigenetics 

This process involves unwinding when RNA polymerase binds along with the 
transcriptional factors and proteins, forming a phosphodiester bond which includes a nucleophilic 
attack from 3’ OH group towards 5’ phosphate group. Hairpin structure is formed and transcriptional 
factors attach to terminate the process. Epigenetics involves structure of eukaryotic chromatin and 
nucleosome which plays a regulatory role in stabilizing the DNA expression and protection. 
Epigenetic marks are areas of translational modifications which results in either upregulation or 
dounregulation of respective genes. DNA expression involves binding of transcriptional factors 
which play major role in switching on and off of genes which then leads to transcription or 
translational process respectively.                                                                                                                                                                                                                      
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Answer the following questions 

1. Differentiate between Lysosome and Peroxisome 

2. What is the function of Nucleus? 

3. Explain the term “Mitochondrion” 

4. Why mitochondrion is known as a powerhouse of the cell? 

5. Define Exocytosis 
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CHAPTER – 2 
 

INHERITANCE 
 

2.1 Mitosis and Meiosis 

A single linear DNA duplex molecule is present in each eukaryotic chromosome forms a 
macromolecular complex with histone proteins. The sequences of bases on chromosomal DNA 
molecules are the result of a set of evolutionary processes that have occurred. Chromosomal 
recombination and copying during DNA synthesis is connected with these processes. Prokaryotes 
are typically haploid and often (but not in every instance) have a single circular chromosomal DNA 
containing 106–107 bp of DNA. During transmission from parent to daughter cells, DNA is inherited 
vertically. DNA sequences of multiple copies of prokaryotic chromosomes are identical, except for 
low frequency replication errors, under the conditions of rapid growth. New assembling of gene is 
not produced by these recombinations. In clonal inheritance, descendants are faithful copies of an 
ancestral DNA. Transposones can modify this mode of inheritance by transformation and 
conjugation systems. Sexual organisms such as mammals contain N pairs of chromosomes (visible 
by light microscopy as stained chromatin). The body (somatic) cells of organism contain 2n 
chromosomes if their haploid chromosome number is N. Two functional types of chromosomes are: 
autosomes, which are not associated with sex determination, and sex chromosomes. For example, 
humans have 22 pairs of autosomes and one pair of sex chromosomes: two X chromosomes for 
females, and one X and one Y for male. In sexual organisms during reproduction, the germline 
tissues produce haploid sex cells, or gametes: ova from females and spermatozoa from males. A 
zygote is produced by fusion of gemetes, which will undergo development to form a new organism. 
The sexual cycle involves an alternation between haploid and diploid cells: 

 

Parent 1: 2N → Gamete 1: N 
+  → Zygote: 2N 

Parent 2: 2N → Gamete 2: N 
Fig 2.1: Fertilization of n+n cells resulted in 2n zygot 
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The process of replication and reduction of chromosome numbers from “2n to n” is called 
meiosis, which is confined to germline cells. Chromosomes number becomes half because one 
chromosome doubling is followed by two cell divisions. Growth and development of the zygote is 
processed by doubling of chromosome followed by one cell division a process called mitosis. Cells 
destined to become germline cells are ordinarily subjected to different sets of controls than typical 
somatic cells. Mitosis in somatic cells is not genetically significant except for contributions that those 
cells may make to reproductive success (e.g., mitosis leading to colorful plumage in some male 
birds). During meiosis important processes occur during prophase I. As a result of the DNA 
synthesis during interphase, each chromosome has already been duplicated to generate a pair of 
sister chromatids. Corresponding chromosomes from each parent (maternal and paternal copies 
of chromosome 7, for example) align and recombination occurs between nonsister chromatids. 
Recombination is a process of breaking and joining chromosomes or DNA, at corresponding 
regions of a pair of similar molecules, resulting is an exchange of these regions between the two 
molecules. This is called homologous recombination between nearly identical sequences. 

2.1.1 Recombination and Variation  

Recombination between nonsister chromatids has extremely important genetic 
consequences. Genetic map is established by frequencies of this process, the haplotypes, and 
blocks of conserved synteny.These properties are important in genetics, population genetics, and 
genome analyses. Allele may present of each DNA or chromosome (an alternative form of a 
particular gene is called an allele of that gene). Allelic combinations in the gamete chromosomes 
are usually different from the combinations found in parental chromosomes in meiosis. Thus, each 
gamete produced by parents from a population, represents an original combination of alleles that 
were present in the population, and the resulting variation produced in successive generations is 
evolutionarily “tested” against the environment. Production of new alleles by mutation is an 
additional source of variation. It is also possible for normal recombination processes to “interrupt” 
leading to insertions, deletions, or duplications of longer stretches of chromosomal DNA sequence. 
These changes are also significant for evolutionary change. 

Recombination processes is reflected during display of genom project which analyze 
chromosomes. Organizing a correspondence between the DNA sequence and the genetic map is 
very first task. Order of genes and the approximate distances between them on their respective 
chromosomes is recorded in genetic map. Genetic markers are used to identify the genes. Genetic 
crosses determine the order of genes and the distances are considered in terms of recombination 
frequencies (often measured in centimorgans). A centimorgan is recombination frequency of 1%, 
which means that two markers or genes are separated from each other by recombinationat 
frequency of 0.01 during meiosis.Separation of two distant markers than two close ones is 
recombination, and the recombination frequency between two markers is related to the physical 
distance separating them. Genetically linked genes are inherited together. Collection of alleles may 
persist for a long period of time if they are so close that they are rarely separated. Haplotypes are 
particular combinations of alleles on a single chromosome. Structure of populations can be 
characterized by knowing the frequencies of haplotypes. 

Over a longer time scale, recombination may shuffle the genetic maps of related species. 
For example, if species B and C are both descendants of ancestor A, the order of genes on the 
chromosomes of B and C might not be identical. Nevertheless, there may be groups of linked genes 
on a single chromosome in B and that also are linked on a particular chromosome of C. This 
circumstance is called conserved synteny (Fig. 1.4A; see Glossary for alternative definition). If the 
order of a set of genes is the same in both B and C, this set of genes is described as a conserved 
segment, and if high-density “landmarks”appear in the same order on a single chromosome in each 
of the two species, this set of land marks defines a syntenic segment. (In some contexts, conserved 
segments and syntenic segments are also referred to as conserved linkages or collinear gene 
clusters). A set of adjacent syntenic segments is called a syntenic block, which may contain 
inversions and permutations of the syntenic segments of C compared with. The numbers and sizes 
of such syntenic blocks are revealed when genome sequences of two organisms are compared, 
and these blocks are signatures of the evolutionary events separating B and C from A. It is possible 
to compare genomes of several related organisms and make inferences about their evolutionary 
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relationships (i.e., comparative degrees of relatedness). One of the significant computational 
problems is the construction of phylogenetic trees based upon sequences or gene orders. 

Even if there were no recombination, the DNA of the gametes would differ from the DNA 
of the parent cells because of errors that occur at low frequency during DNA replication. These 
errors occur at a frequency of 10−6–10−10 per base pair for each cell division (depending upon 
the cell, the genome, and the DNA polymerase involved). If the errors occur within a gene, the 
result may be a recognizable mutation (alteration of the base sequence in a normal gene or its 
control elements). Base changes at the DNA sequence level do not always lead to recognizable 
phenotypes, particularly if they affect the third position of a codon (three successive bases of DNA 
that encode a particular amino acid during translation). As a result of mutations occurring over time, 
a position in the DNA (whether in genes or in other regions of the genome)may contain different 
base pairs in different representatives of a population,and this variation can be measured at 
particular nucleotide positions in the genomes from many members of that population. This 
variation, when occurs as an isolated base-pair substitution, is called a single-nucleotide 
polymorphism, or SNP (pronounced “snip”). 

2.1.2 DNA/RNA String Manipulation 

As designated above, DNA is not absolute. Errors can occur at varying frequency during 
the replication process. In the human genome, the substitution rate at every nucleotide position 

averages ∼ 2.2×10−9 per year (MGSC, 2002). The genome sequences of existing organisms 
contain an evidence of changes that have occurred over time which may include: 

2.1.2.1 Deletion: amputation of one or more adjacent bases. 

A number of mutants in livestock and pets have a heterozygote advantage because of 
artificial selection for these mutants and strong harmful effects from natural selection in 
homozygotes. These mutants, including small or large InDels and single base-pair non 
synonymous changes have influenced the milk yield and muscling in dairy cattle, productiveness 
in sheep, tail length in cats, hairlessness, muscling, and color in dogs in addition to comb 
morphology in chickens.  

Numerous transformers cause loss of function for the genes involved, a change that results 
in the pleiotropic effects of a desired phenotype in heterozygotes and an undesirable phenotype in 
homozygotes. To examine how selection changes the frequency and provide an approach to 
guesstimate the amount of artificial selection to facilitate these transformers at the high frequencies 
often examined. The total of artificial selection vary from low selection in which the whippet dogs 
are favored at their zygote stages for muscle pairing up to strong influence of selection pressure 
resulting into “flash” heterozygosity (partly white and fractionally solid) in boxer dogs while in 
chickens rose comb like appearance is maintained. In numerous studies (in Rhodesian ridgeback 
dogs the development of hair ridge and in Wyandotte chickens the appearance of rose comb), 
actually nature is putting up strong selection on the mutant as compared to opposing it, resulting 
into the mutant frequency in population larger than 50% [1]. 

Blue tongue virus (BTV) is an insect transmitted virus which occurs throughout the world 
to grounds infection of ruminants. Field strains of BTV have different gene segments; thus, we 
assumed that key viral genes endure genetic drift throughout alternating means of access in its 
ruminant and insect hosts. A null hypothesis is tested during vector infection Culicoides sonorensis 
and a calf and sheep in which plaque-purified 10 serotypes of BTV genes named VP2 and 
NS3/NS3A variations in their consensus sequences are determined during this infection process. 
Several procedures are available to generate consensus sequences after Reverse transcriptase 
based nested PCR polymerization using RNA of viral genome taken from infected blood, insects 
after homogenization, and heterzygosity can be determined of the quasi species by using viral RNA 
direct amplification derived clones sequencing. Comparing those viral sequences of infected 
ruminant origin to those of original viral inoculum it can be interesting that BTV gene segments 
evolution seems to be independent as compared to the serotypes of its own facilitated by the 
genetic drift as a host-related fashion. That phenomenon actually may be an important cause to 
reveal diversity in a population of quasi specie such as insect hosts and ruminants. Similarly, in 
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another event a specific viral variant was picked up C. sonorensis insects through injestion which 
originally survives on a sheep with viremia titer at lower level, so founder effect here fixing the new 
genetic makeup. Thereby, it can be concluded that founder effect as well as genetic drift diversify 
the field BTV strains at individual gene segments level [2]. 

Myostatin (GDF-8) is a member of the transforming growth factor beta superfamily which 
secreted growth and differentiation factors, fundamental for appropriate regulation of skeletal 
muscle mass in mice. At present we report the mutations in the coding sequence of bovine 
myostatin in two breeds, Belgian Blue and Piedmontese which have an increase in muscle mass 
relative to conformist cattle in addition to sequences from nine other vertebrate species. In Belgian 
Blue, myostatin sequence holds an 11-nucleotide deletion in the third exon which causes a 
frameshift so as to eradicate nearly all the established, active region of the molecule while in 
Piedmontese it contains a missense mutation, resulting in a substitution of tyrosine for an invariant 
cysteine in the mature region of the protein. Phenotypic similarity between double-muscled cattle 
and myostatin null mice proposes that myostatin executes the same biological function in these 
species and can be used as a probable target for genetic manipulation in other farm animals. 

β superfamily covers a large collection of secreted growth and differentiation factors and 
participates important roles in regulating development and tissue homeostasis (1). Myostatin being 
a member of this family specifically expressed in adult skeletal muscle and functions as an 
unenthusiastic regulator of skeletal muscle mass in mice (2). Gene targeting in myostatin null mice 
illustrated a spectacular and widespread increase in skeletal muscle mass where individual 
muscles weigh 2- to 3-fold more than those of wild mice, mainly due to an enlarged number of 
muscle fibers exclusive of a corresponding increase in the quantity of fat. On the way to increase 
muscle mass by inhibition of myostatin activity and to pursue impending therapeutic and agricultural 
applications, we have been characterizing myostatin in other animals addition to mice. At this point 
we report that the myostatin gene is greatly conserved among vertebrate species and with respect 
to muscle mass two breeds of cattle Belgian Blue (3) and Piedmontese (4), have mutations in the 
myostatin coding sequence. These results make obvious that among vertebrates the function of 
myostatin has been extremely conserved [3]. 

A common appearance of melanistic coat coloration results due to polymorphism in eleven 
out of thirty seven felid individuals and their frequency might reach very high in a population in 
exceptional case but they are still unable to build fixation completely. Their molecular basis can be 
investigated through significant adaptibility, and building the phylogeny of melanistic variants in the 
Felidae. The candidate genes of cat homologs controlling melanism such as ASIP [agouti] and 
MC1R can be furthermore mapped, cloned, and sequenced which led us to find associations of 
three deletions with dark color appearance in three distinct felid species. Association along with the 
transmission analyses can be employed to clarify involvement of a deletion of 2 bp in ASIP gene 
during black color phenotype appearance in domestic cats, instead of these two deletions in coding 
region of MC1R gene is controlling melanism implications in jaguars and jaguarundis. Surprisingly, 
five different melanistic organisms from felid species are not prone to these mutations, hence 
implies that there are some independant genetic origins in melanistic cat family which are at least 
four in number. These inferred autonomous historical elevated frequency of these felid mutations 
in population implies that free ranging species asscociated to a group are prone to this phenotype 
resulting from such kind of melanistic mutation as an adaptive evolution [4]. 

2.1.2.2 Insertion 

Insertion is fundamentally related to one or more contiguous nucleotide bases being 
inserted between any two flanking nucleotides in a biological sequence. This is often accompanied 
by insertion of dynamic transposable elements (TEs). 

It has been reported that in humans and other model organism structural variants (SVs) 
comprise a considerable percentage of variation amongst individuals of each species. Several 
variants have been linked to devastating diseases in humans, thus strengthening the importance 
of precise methods for their detection. Even with progress reliable detection of SVs still stays a 
problem even for human. In livestock species poorer quality genome assemblage and incomplete 
gene explanation can often give rise to false positive SV detection. In spite of the challenges, at 
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present SV recognition is awfully important for both livestock as well as human researchers, given 
that a number of productive traits and disease conditions and have been related to copy number 
variations (CNVs) in cattle, pig and sheep. There is evidence by now, that many valuable SVs have 
been artificially selected in livestock such as a duplication of the agouti signaling gene which causes 
white coat color in ovine. Here we will review current SV and CNV findings in livestock and talk 
about the problems that hamper practice discovery and tracking of these polymorphisms. We will 
also discuss the blow of selective breeding on CNV and SV frequencies and bring up how SV 
genotyping could be used in future to improve genetic selection [5]. 

The cattle genome was coveraged upto ∼7× to develop an understanding for ruminants 
biology and evolution. A minimum of 22,000 genes are residing on ruminant genome, out of them 
14,345 genes are orthologs clusters distributed among seven different mammalian species. 
Furthermore, in total 1,217 are not detected or may be absent in apart from genomic profile of 
eutherian species. Evolutionary breakpoint regions in cattle chromosomes have higher ranges of 
concreteness in segmental duplications, repetitive elements over representation, plus lineage-
specific polymorphic variations in lactation and immunity reponse related genes. However, some 
genes are highly conserved usually in an evolutionary history such class of genes mainly belong to 
metabolism, although some evident have been submitted regarding extensive divergence in five 
metabolic genes from human orthologs. Thus the availability of cattle genome sequence can be an 
important resource to comprehend not only evolution but also may boast up improvements in 
livestock on their genetic basis to elevate milk and meat yield [6]. 

Modern biological techniques such as molecular cloning of genes, genetic manipulation of 
animals and plant embryo transfer in addition to rumen microbes, chemical and biological treatment 
of low worth animal to get better nutritive value, genetically engineered immunodiagnostic and 
immune prophylactic agents as well as veterinary vaccines, are reality today and locating their ways 
into R & D programs in budding countries.  

To increase agricultural productivity and environmental protection, biotechnology is 
contributing extraordinary through reduced use of agro-chemicals. The major thrust in 
biotechnology research is currently shortest at solving immediate problems of industrialized 
countries, with major investments from intercontinental companies. Nonetheless, many of the new 
discoveries and products will find their biggest markets in developing countries wherever the 
potential in agricultural productivity and health is greatest. Accordingly, biotechnological significant 
relevance is gradually being credited by policy developers in advancing countries. Economic 
catastrophe, monetary checks, steady political instability and the complications associated with 
differential policy in these countries are massive [7]. 

In proteins, amino acid insertions and deletions are exceptional events, as well as their 
associations with the evolution and adaptations of organisms are not so far understood. 
Researchers undertook a methodical analysis of 214,000 polypeptides from 32 nematode species 
and identified unique insertions and deletions in their proteins in greater than 1000 families and 
provided indirect linkage evidence. Amino acid variations in nematodes sequences were identified 
by homologous sequences from an ample range of eukaryotic organisms and revealed that the 
proteins contingent from nematodes transcriptomic datasets held more deletions than insertions, 
in addition deletions tended to be larger in length than insertions which resulted in a decreased 
size of the transcriptome of nematodes as compared to other organisms. The current conclusion 
showed that this diminution is more pronounced in parasitic nematodes compared with the free-
living nematodes of the genre Caenorhabditis. Fewer insertions and deletions were detected in 
conserved proteins, which mainly involved in the processing of genetic information. Alternatively, 
more insertions and deletions were traced for proteins involved in the endocrine and immune 
systems, proposing a relationship with adaptation. Likewise, proteins involved in multiple cellular 
pathways displayed more deletions and insertions than single pathway involved proteins. For 
proteins involved in lipid metabolism and electron transport, an elevated insertions and deletions 
number were found by a range of plant parasitic nematodes compared with other nematodes 
proposing a link between metabolic adaptation and parasitism in plant hosts. Three considerable 
deletions were also recognized in proteins originate to be specific to and shared by parasitic 
nematodes and because of their uniqueness which might use as target candidates for drug design. 
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Present study exemplifies the significance of comparative genomics approaches to identify unique 
parasitic nematodes molecular elements which have acclimatized to a particular host organism and 
mode of continuation during evolution. Even as the focus of current study was on nematodes, it 
has also applicability to a broad range of other groups of organisms [8]. 

2.1.2.3 Segmental duplication: Manifestation of two or more copies of the same widened portion 
of the genome in dissimilar locations in a DNA sequence. 

Appearance of false segmental duplication in assemblage software’s, mainly due to Diploid 
genomes with divergent chromosomes is a matter of great interest as two copies of particularly 
polymorphic regions may be misguidedly constructed. These methods can be successfully 
employed to identify false duplications in four vertebrate genomes. In addition mis-assemblies can 
be corrected by making improvements in estimation of the amount of duplicated sequence, and 
recuperated polymorphisms between the sequenced chromosomes for each genome [9]. 

Duplication of genetic material which results in both evolution and disease is a major 
means to genetic change. Different appearances and mechanisms of duplication have been 
recognized which consists of a few base pairs up to entire genomes. Through the mounting 
amounts of gene and genome sequence data that are flattering available, our understanding about 
duplication is greatly improving especially in terms of the balance of duplication events as well as 
their rates of incidence. An exact comprehending of these processes is fundamental to properly 
understand important evolutionary events in addition to mechanisms operating at the level of 
genome organization. Duplication events and their sequence distribution in animal genomes have 
been focused by many researchers with the aim of continuing a focal point on principles of evolution 
and organization so as to directly related to the shaping of our own genome [10]. 

In mammalian genomes Duplicated sequences are significant sources of gene novelty and 
structural variation. Researchers have been performed a systematic and genome-wide analysis of 
segmental duplications in the modern domesticated cattle (Bostaurus). By using two separate 
computational analyses they predicted that 3.1 % (94.4 Mb) of its genome comprises of recently 
duplicated sequences (≥ 1 kb in length, ≥ 90 % sequence identity). Analogous to other mammalian 
draft congregations, almost half (47 % of 94.4 Mb) of these sequences have not been allocated to 
cattle chromosomes. In a study, using fluorescent in situ hybridization (FISH) scientists provide the 
original experimental corroboration large duplications and for a short time compared their 
distribution on two sovereign bovine genome assemblies. Analysts suggest that the (75-90 %) of 
segmental duplications are ordered into clusters of local tandem duplication. These self-assuredly 
results now establish tandem duplications as the most probable mammalian exemplary 
organization along with rodents and carnivores in contrast to humans and great ape species which 
demonstrate a prevalence of interspersed duplications. A duplicated gene and gene family’s 
assessment based on cross-species indicated that duplication, positive selection and gene 
conversion have formed primates, rodents, carnivores and ruminants for their speciation and 
adaptation. Bovine segmental duplications related to genes are significantly augmented with 
specific biological functions such as immunity, digestion, lactation and reproduction. Some studies 
also proposed that segmental duplications are organized in a tandem pattern in majority of 
mammalian lineages and provides an imminent into mammalian genome evolution to generate a 
priceless resource for bovine genomics research [11]. 

Current researches have revealed that NLRP (Nucleotide-binding oligomerization domain, 
Leucine rich Repeat and Pyrin domain containing Proteins) genes play important roles both in 
mammalian innate immune system and reproductive system. Numerous of NLRP genes expressed 
specifically in the mammalian oocyte. How duplication genes evolved and diverged, in addition to 
whether natural selection participated a role during their evolution was the aim of the work. Using 
in silico methods, in particular of mouse reproduction-related Nlrp genes some researchers 
assessed the evolution and functional discrepancy of NLRP genes furthermore found that (1) major 
NLRP genes have been copied earlier than divergence of mammals by means of certain lineage 
specific repetitions in primates (NLRP7 and 11) and in rodents (Nlrp1, 4 and 9 duplicates); (2) 
tandem duplication incidents gave rise to a mammalian reproduction-related NLRP huddle 
including NLRP2, 4, 5, 7, 8, 9, 11, 13 and 14 genes; (3) the function of mammalian oocyte specific 
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NLRP genes (NLRP4, 5, 9 and 14) valor have deviated during gene evolution; (4) recent segmental 
duplications apprehending Nlrp4 copies and vomeronasal 1 receptor instructing genes (V1r) have 
been commenced in the mouse; and (5) duplicates of Nlrp4 and 9 in the mouse might have been 
focused to adaptive evolution [12]. 

2.1.2.4 Inversion: 

Reverse order of genes or additional DNA markers in a subsequence relative to adjoining 
markers in a longer sequence, maintaining 5 to 3 polarity.  

2.1.2.5 Translocation: 

Transfer of a chromosomal fragment into a new sequence context to another position in 
the genome. 

Using conformist micro dissection based probes, a pericentric inversion of chromosome 4 
in a boar, besides a case of (2q−; 5p+) translocation mosaicism in a bull were analysed by 
chromosome depiction.  To find out porcine inversion of a heterozygote carter at metaphases 
specific probes for p and q arms were produced and hybridized concurrently while in case of bovine 
translocation, two chromosomal probes were intricate and hybridized independently on 
chromosomal research of the mosaic translocation carrier bull. The unfeasibility to discriminate 
chromosomes 2 and der (2) from other chromosomes of the metaphases did not permit the 
production of painting probes. For all experiments, the quality of painting was comparable to that 
usually observed with probes obtained from flow-sorted chromosomes. The results allowed 
affirmation of the explanations proposed with G-banding karyotype investigation. However, in the 
bovine case reciprocity of the translocation might not be verified. These results also showed the 
usefulness of the micro dissection technique for typifying chromosomal rearrangements in species 
for which viable probes are not accessible and substantiated that the main restrictive factor of the 
technique is the quality of the chromosomal groundings [13]. 

There is a large diversity of social, economical, and technological scale in Crop–livestock 
systems of sub-Saharan Africa. This variety stems to a certain extent from distinctions in 
agroecological states, population densities, and economic prospects, and partially from the diverse 
nature of the institutions that oversee production relationships in different agricultural systems. 
Misjudging this diversity obstructs the identification of restraints and opportunities for sustainable 
escalation of crop–livestock systems. The divergent systems of crop–livestock making also 
propose that any scrutiny of the evolution and development of these systems must be wide-ranging 
and cover the wide variety of economic, political, institutional, and ecological progressions that 
have influenced the visible patterns seen crossways Sub-Saharan Africa. Evolution of farming 
arrangements and related literature are evaluated in the rest of the chapter to highlight the 
contributions in agricultural intensification process and to underscore certain limitations that other 
analysts have addressed. 

The majority of the prior elucidations of agricultural escalation has been principally based 
on the decisive work of Boserup. (1965, 1981) Moreover, she instituted the chief arguments 
concerning the possessions of population density on agricultural growth and the ways in which 
population growth in the past escorted the societies to put in land improvements and to take up 
technologies in higher agricultural assembly per unit of land.  Since population density augments, 
alterations occur in harvesting practices that involve inflating the area under cultivation or, if it is no 
longer feasible, shortening of uncultivated periods and growing the labor contribution to gratify the 
higher food demand. 

Boserup’s hypothesis in contrast to the Malthusian point of view, addressed the problem 
of population pressure which gives rise to its own solution. The paucity of land results in its more 
exhaustive use (Lele and Stone 1989). This viewpoint concerning factor substitution and technical 
change is also unswerving with the “induced innovation” model of Hayami and Ruttan (1985), who 
challenged that changes in factor magnitude will lead to the conservation of the more sparse 
resource (land) and to increased use of the abundant resource in production (labor). 



57 
 

Ruthenberg (1980) also supported Boserup’s hypothesis and provided much greater 
technical evolutionary fine points of farming systems with obstacles and opportunities that farmers 
are probable to face as they strengthen their systems. Farming has been characterized mainly in 
terms of the duration of fallow periods between planting. In 1987, Pingali, Bigot, and Binswanger 
utilized this approach to make a clear technical change in African agriculture. To clarify the crop–
livestock interactions evolution McIntire, Bourzat, and Pingali (1992) broaden this idea and argued 
that with an increase in population density the evolution of crop–livestock interactions pursue a 
reversed “U” with weak incorporation at  the start, then increase and finally decrease. Farming 
growth comes about in retort to population growth and changes in markets and occupies the use 
of more animal power, manure, and crop residue per unit of land and yield. Several researchers 
have focused on Machakos district of Kenya where they also explored Boserup’s hypothesis and 
availed many evidences in favor of it [14]. 

Domestic goat (Capra hircus) is one of many important livestock species which shares a 
clade of Ruminantia, Bovidae. In ruminants olden times of genome evolution and chromosomal 
reorganizations on a small scale remain exploratory. An inclusive goat genome sequence was 
released lately however it is still in a draft stage which used a variety of congregation packages, as 
well as a radiation hybrid (RH) map of chromosome 1. A whole-genome crowded map of 45,953 
SNP indicators was raised via an advanced RH plot with statistical confidence measures, which 
provided a fine map resolution of estimated 65 kb. Comparing RH maps to the goat sequences 
showed a global accuracy of the assemblies of scaffolds or super-scaffolds. Conversely, some 
researchers viewed firm flaws linked to the process of anchoring chromosome via conserved 
synteny by means of cattle. Chromosomal assignments, extended assortment order, and scaffolds 
orientation were re-examined in a modernized genome sequence version. Some researchers also 
exhibit latest results exploring the renewed sequence of goat genome to comprehend genomic 
rearrangements and chromosome evolution among mammals during species radiations. The 
sequence architecture of Rearrangement sites between goat and cattle genomes showed plentiful 
segmental duplication on goat chromosome 9 and 14, in addition to new insertions in homologous 
cattle genome sections. In mammals, this multifaceted relationship between replica sequences and 
Robert sonian translocations emphasizes the rearrangement mechanism of centromeric non allelic 
homologous recombination (NAHR). They also observed that gene duplication in ANKRD26 are 
concurrent with cut-off point reuse in divergent lineages and may play a role in chromosome 
stabilization in its evolution. Additionally, generation of dense chromosomal maps allowed securing 
and orientating assembled genome scaffolds all along with annotation of chromosomal 
rearrangements and thereby getting a better understanding of the genome evolution in ruminants 
[15]. 

The role of chromosomal inversions in adaptation and speciation is controversial. 
Historically, inversions were thought to contribute to these processes either by directly causing 
hybrid sterility or by facilitating the maintenance of co-adapted gene complexes. Because 
inversions suppress recombination when heterozygous, a recently proposed local adaptation 
mechanism predicts that they will spread if they capture alleles at multiple loci involved in divergent 
adaptation to contrasting environments. Many empirical studies have found inversion 
polymorphisms linked to putatively adaptive phenotypes or distributed along environmental clines. 
However, direct involvement of an inversion in local adaptation and consequent ecological 
reproductive isolation has not to our knowledge been demonstrated in nature. In this study, the 
chromosomal inversion polymorphism is geographically widespread, and we test the extent to 
which it contributes to adaptation and reproductive isolation under natural field conditions. 
Replicated crosses between the prezygotically reproductively isolated annual and perennial 
ecotypes of the yellow monkeyflower, Mimulusguttatus, revealed that alternative chromosomal 
inversion arrangements are associated with life-history divergence over thousands of kilometers 
across North America. The inversion polymorphism affected adaptive flowering time divergence 
and other morphological traits in all replicated crosses between four pairs of annual and perennial 
populations. To determine the inversion contributes to adaptation and reproductive isolation in 
natural populations, a reciprocal transplant experiment is conducted which involves outbred lines, 
where alternative arrangements of the inversion were reciprocally introgressed into the genetic 
backgrounds of each ecotype. Results are demonstrated for the first time in nature the contribution 
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of an inversion to adaptation, an annual/perennial life-history shift, and multiple reproductive 
isolating barriers. These results are consistent with the local adaptation mechanism being 
responsible for the distribution of the two inversion arrangements across the geographic range of 
M. guttatus and that locally adaptive inversion effects contribute directly to reproductive isolation. 
Such a mechanism may be partially responsible for the observation that closely related species 
often differ by multiple chromosomal rearrangements [16]. 

2.1.2.6 Recombination 

In vivo, joining of one DNA sequence to another. When similar sequences are involved, 
this is called homologous recombination. Point mutation: Substitution of the base usually found at 
a position in the DNA by another as a result of an error in base insertion by DNA polymerase or 
misrepair after chemical modification of a base. 

Recombination events vary in number and tend to occur in hot spots. Recombination 
influences the correctness of haplotype phasing and the assertion of missing genotypes. Genes 
that influence genome-wide recombination rate have been discovered in mammals, yeast, and 
plants. The goal was to investigate the influence of recombination on haplotype phasing, locate 
recombination hotspots, scan the genome for Quantitative Trait Loci (QTL) and identify candidate 
genes that influence recombination, and quantify the impact of recombination on the accurateness 
of genotype imputation in beef cattle. 

With the Illumina BovineSNP50 chip, 2775 Angus and 1485 Limousin parent-verified 
sire/offspring pairs were genotyped. Haplotype phasing was performed with DAGPHASE and 
BEAGLE using UMD3.1 assembly SNP (single nucleotide polymorphism) coordinates. 
Recombination events were identified by comparing the two reconstructed chromosomal 
haplotypes which were inherited by each offspring with those of their parents. Expected crossover 
probabilities were estimated assuming no interference and a binomial distribution for the frequency 
of crossovers. The Bayes B approach for genome-wide association analysis implemented in the 
GenSel software was used to identify genomic regions harboring QTL with large effects on 
recombination. BEAGLE was used to impute Angus genotypes from a 7K subset to the 50K chip. 

DAGPHASE was superior to BEAGLE in haplotype phasing, which indicates that the 
linkage information from relatives can improve its accuracy. The estimated genetic length of the 29 
bovine autosomes was 3097 cM, with a genome-wide recombination distance averaging 1.23 
cM/Mb. 427 and 348 windows containing recombination hotspots were detected in Angus and 
Limousin, respectively, of which 166 were in common. Several significant SNPs and candidate 
genes, which influence genome-wide recombination was localized in QTL regions detected through 
Angus and Limousin. High-recombination rates hinder the accuracy of haplotype phasing and 
genotype imputation. 

Small population sizes, inadequate half-sib family sizes, recombination, gene conversion, 
genotyping errors, and map errors reduce the accuracy of haplotype phasing and genotype 
imputation. Candidate regions associated with recombination were identified in both breeds. 
Recombination analysis may improve the accuracy of haplotype phasing and genotype imputation 
from low- to high-density SNP panels [17]. 

Bovine herpesvirus 4 (BoHV-4) has been isolated from cattle throughout the world, but 
virological and serological studies have suggested that the African buffalo is also a natural host for 
this virus. It has previously been found that the Bo17 gene of BoHV-4 was acquired from an 
ancestor of the African buffalo, probably around 1.5 million years ago. Analysis of the variation of 
the Bo17 gene sequence among BoHV-4 strains suggested a relatively ancient transmission of 
BoHV-4 from the buffalo to the Bosprimigenius lineage, followed by a host-dependent split between 
zebu and taurine BoHV-4 strains. In the present study, the evolutionary history of BoHV-4 was 
investigated by analysis of five gene sequences from each of nine strains representative of the viral 
species: three isolated from African buffalo in Kenya and six from cattle from Europe, North America 
and India. No two gene sequences had the same evolutionary tree, indicating that recombination 
has occurred between divergent lineages; six recombination events were delineated for these 
sequences. Nevertheless, exchange has been infrequent enough that a clonal evolutionary history 
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of the strains could be discerned, upon which the recombination events were superimposed. The 
dates of divergence among BoHV-4 lineages were estimated from synonymous nucleotide-
substitution rates. The inferred evolutionary history suggests that African buffaloes were the original 
natural reservoir of BoHV-4 and that there have been at least three independent transmissions 
from buffalo to cattle, probably via intermediate hosts and at least in the case of North American 
strains, within the last 500 years [18]. 

In this study, more than 250,000 cross-over events identified in >10,000 bovine sperm cells 
were used to perform an extensive characterization of meiotic recombination in male cattle. 
Researchers map the Quantitative Trait Loci (QTL) influencing genome-wide recombination rate, 
genome-wide hotspot usage, and locus-specific recombination rate. Moreover, the fine-map three 
QTL is presented with strong evidence that genetic variants in REC8 and RNF212 influence 
genome-wide recombination rate, while genetic variants in PRDM9 influence genome-wide hotspot 
usage [19]. 

Bovine pestiviruses (Bovine Viral Diarrea Virus 1 (BVDV 1) and Bovine Viral Diarrea Virus 
2 (BVDV 2)) belong to the genus Pestivirus (Flaviviridae), which is composed of positive stranded 
RNA viruses causing significant economic losses world-wide. We used phylogenetic and bootstrap 
analysis to systematically scan alignments of previously sequenced genomes in order to explore 
further the evolutionary mechanisms responsible for variation in the virus. Previously published 
data suggested that homologous crossover might be one of the mechanisms responsible for the 
genomic rearrangements observed in cytopathic (cp) strains of bovine pestiviruses. Nevertheless, 
homologous recombination involves not just homologous crossovers, but also replacement of a 
homologous region of the acceptor RNA. Furthermore, cytopathic strains represent dead paths in 
evolution, since they are isolated exclusively from the fatal cases of mucosal disease. Herein, it 
was reported evidence of homologous inter-genotype recombination in the genome of a non-
cytopathic (ncp) strain of Bovine Viral Diarrea Virus 1, the type species of the genus Pestivirus. We 
also show that intra-genotype homologous recombination might be a common phenomenon in both 
species of Pestivirus. This evidence demonstrates that homologous recombination contribute to 
the diversification of bovine pestiviruses in nature. Implications for virus evolution, taxonomy and 
phylogenetics are discussed [20]. 

In this research, numerous ancestral haplotypes have been identified encoding a 14-Mb 
region of Bota C19. Three are frequent in Simmental, Angus and Wagyu and have been conserved 
since common progenitor populations. Others are more relevant to the differences between these 
3 breeds including fat content and distribution in muscle. SREBF1 and Growth Hormone, which 
have been implicated in the production of healthy beef, are included within these haplotypes. 
However, it was concluded that alleles at these 2 loci are less important than other sequences 
within the haplotypes. Identification of breeds and hybrids is improved by using haplotypes rather 
than individual alleles [21]. 

Point mutation is closely related to processes of DNA replication and repair for the 
generation or fixation of mutations. The other processes may also involve DNA copying, but they 
also involve other processes of DNA breaking and joining. Figure 1.6 makes an analogy between 
these processes and the menu for a computerized text editor, indicating the enzymes that may be 
involved in the various steps. 

2.1.3 Genes 

During 19th century, Gregor Mendel detected the discrete entities shaping the inheritance 
pattern. A gene is basically represents to a segment of DNA whose informatory elements are 
expressed either into RNA (transcription) or polypeptide chain (translation). They are located on 
definite chromosomal positions and these genetic sites may be are termed as loci. There are also 
some loci that are not genes although a locus correspondence may be realized with a gene. 

Genes are detected biologically in laboratory animals with altered phenotype or character 
corresponds to a mutation in the respective genetic regions. Characters can be examined or 
computed and correspond to organismal characteristics, on the other end phenotype of an 
individual represents to specific state of a trait. As an example, a mutated E coli may be unable to 
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get carbon from lactose source. Similarly, the eye color may be chaged from red to white due to a 
mutation in Drosophila. In the second example, the eye-color is a trait, along with the red color is 
its corresponding phenotype. Nevertheless, there is not usually one-to-two correspondence 
between genes and phenotypes. In E. coli a group of seven genes is controlling the synthesis of 
tryptophan by utilizing a precursor molecule. Out of a set of these seven, if anyone gets mutated 
then it may lead to a Trp− phenotype in which tryptophan addition is required to colonize in that kind 
of minimal medium. Likewise, height or stature in Homo sapiens control is held by many genes in 
a quantitative manner rather than being all-or-none. 

A gene can be represented in its alternative form termed as allele, as discussed above. An 
allele may differ in its biological sequence; consequently the resulted amino acid sequence may be 
changed. For instance, sickle cell anemia may arise in an individual due to mutation in beta-globin 
gene giving rise to a change in the resulting amino acid such as 6th position amino acid is 
substituted with Valine. That changed sequence of a gene is one allele along with its second copy 
of normal gene is the other allele of beta-globin. Some other variants of beta-globin genes are also 
possible as betaglobin alleles in a human population.  

Genes in prokaryotic cells constitute a variety of companion elements. Moving from 5 to 3 
end, the gene expression controlling sites are frequently encounterd as binding sites for protein are 
commonly known as promoter regions where transcription begins. The coding sequence without 
interruption is translated into protein. Sometimes the gene sequences expressed to more than one 
protein are transcribed successively using the same promoter. In that case the corresponding 
genes are known as polycistronic. Cistrons are given names after a specific test related to its 
genetics. However, they represent to coding regions expressed to form proteins. Prokaryotic 
domains facilitate a polycistronic type of genes in their genomes usually.  

The eukaryotic genes on the other end are relatively more complicated as compared to 
genes spotted on prokaryotic genome. Eukaryotic genes restrain exons that are fragments of genes 
whose information is transferred in the processed mRNA. When these mRNAs will be translated to 
their respective polypeptide chain using all those fragments of the genes appearing as exons that 
will eventually be translated into protein. Non-coding regional segments of DNA keep exons apart, 
and during splicing introns are excised from the precursor mRNA (an RNA containing intronic part 
of DNA in it need to be removed). Genes in eukaryotic cells have comparatively very advanced set 
up that regulate gene expression as an extensive control that corresponds to its respective binding 
sites readily available for regulatory elements which actually modulate transcription level include 
transcription factors and enhancers and the “hub” promoter where assembly of the transcription 
complex is gather to derive expression process. Transcription eventually ends in a non-specific 
manner due to a downstream signal present in the DNA that ensures the addition of several A 
residues at the 3’ end of the mRNA is referred to as polyadenylation. 

During the present genomic era, the identification of genes through biological sequence 
analyses has become an important topic of the modern research. For prokaryotic organisms, it is 
an easy task as they contain genes of average length up to 100 bp; their 90% of the total genome 
is expressed for products. In eukaryotic cells, it is a majority of computational biology questions, as 
in this form of cellular life genes are exceptionally large plus they are usually interrupted by various 
intronic sequences.  The eukaryotic genome is expressed in very small fraction due to theses 
introns as in H. sapiens around 1.2%. For correspondence, the average gene length in case of 
human is approximately 27,000 bp containing 9–10 exons of mean length 145 bp. The remaining 
portion represents to control regions extensively, untranslated sites, and introns. These regulatory 
elements may lap upto several thousands of nucleotides as portion of a gene. 

2.1.4 Consequences of Variation: Evolution 

In the last section we discussed the type of changes in DNA that may govern the 
evolutionary process in interbreeding members of a population. So, different alleles of a gene may 
be possible in a population. Some individuals in species can be useful in greater productivity as 
compared to others, is very much dependent on their genetic toolkit. An individual’s genotype can 
be analyzed by using specific phenotypic trait influenced by respective genotype against 
environmental circumstances. The surrounding environment, that a population capatilizes, permit 
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exceptional genotypes to be transmitted effectively to the next generations. Consequently, this will 
lead to the over representation of explicit alleles with other alleles being compromised during 
natural selection. These fractional changes occurred in a gene pool or differential allele frequency 
will lead to evolution in a population. 

A pair of statistical and computational procedures is available to deal problems related to 
populations: first, the analyses of characteristic variation in genetics intra and inter populations with 
respect to allelic frequency or variation in biological sequence and second, characterization of the 
parameteric trajectory of a population with the passage of time. The methods discussed above are 
conveniently and conceptually interlinked to each other. The 1st activity, the problem of purely 
population genetics, utilizes gene frequency of population samples living around us. Population 
genetics does not always address intra species variation for a tiny time period. The 2nd activity 
addresses evolutionary models for the parsimonious evaluation of sequence data. Molecular 
evolution major concern is related to inter species variation or higher taxa for relatively larger time 
frames. The common thinking behind evolutionary mechanism is that all species have been 
descended from common ancestors that have now been passed away. Phylogenies can be 
reconstructed to check evolutionary correspondence between these species.  

Thus, submitted evolutionary evidences reveal that humans and chimpanzees diverged 
from their common ancestor called the primate population nearly 6 million years ago. Similarly mice 
population has been descended from human and mouse common ancestor around 80–85 million 
years ago, the dates are elucidated by a cumulative evidences from molecular and fossil reports. 
However, some populations, living in the past, have become extinct also their contemporary 
descendents are not present such as hadrosaurs and duckbill dinosaurs are not currently in the 
biota. This extinction has led today’s biota to arise as of speciation. A large number of species 
larger than 99% of total species has been disappeared which have ever been existed. Mean time 
frame for a species to live before extinction is approximately 2–4 million years. Few species last for 
much larger time periods, others for significantly less times. Exitnctions are occurred due to various 
and unpredictable reasons. The organisms on Earth today resulted from a particular order of 
environmental conditions distributed life on this planet and that kind of evolutionary profile is 
unpredictable as well as may be impossible to repeat. 

Now we will highlight the basis of evolutionary origin in detail. Evolution evolves from 
irreversible variations in genomic profile due to foreign stimuli, i.e., replication slipage, consequence 
of mobile elements activities in genetic material [22, 23]. When a mutation is adapted in order to 
survive better in correspondence with the habitat, evolution goal is achieved. Different sort of 
changes can be resulted from mutation and only the favorable changes are accepted as compared 
to variations caused by mutation harmful to life. There are some mutations exerting no impact [24], 
can make alterations in gene product [25], or may partly hang out genes to function properly or 
completely be retarded [26]. Mutations may impart variations in non-coding genomic segments. 
According to a reported study conducted on different species of Drosophila suggesting that 
mutation if changes the underlying protein consequently the result would be deleterious with an 
analysed rate upto 70% of polymorphisms due to change in amino acid has harmful effects, while 
the rest of the other fraction either being little beneficial or it may be neutral at its end. If mutations 
impart harmful impact on genes, then in order to encounter these situations organisms have 
developed the DNA repair mechanisms to prevent the mutated sequences to be deleterious and 
send back to its normal sequence after mutations. Moreover, mutation can be occurred in any 
portion of a genomic sequence which makes the mutation as a random phenomenon [27]. During 
normal circumstances mutations in other than coding region are not dangerous and these sites are 
spliced off from initially transcribed RNA reflecting that they are not influential on the fundamental 
biochemistry of life. Nevetheless, it is not always the case that all mutations found in non-coding 
segments are safe if a mutation is found regulatory elements binding region then the expression 
level of their corresponding gene may be disturbed. So all depends on the genetic region that its 
conservation is how much significant for life to proceed. 
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2.1.5 Corollary of Transposable elements (TE) Dynamics 

Transposable elements (TEs) are dynamic component of genetic material that can move 
from one place to the other. The TE class found in metatherian are also represented in eutherians, 
however they can be specified into greater than 500 subfamilies of which greater cluster belongs 
to lineage specific TE [28]. The opossum genome constitutes minimum of 52% of its total genome 
as TEs and interspersed repeats (IRs) [29, 30]. This representation of TE and IR is the largest in 
any of the currently sequenced amniotic genome which is 34–43%. Interestingly, in the opossum 
genomic profile the non-long terminal repeat (LTR) retrotransposons significant enrichment has 
been analyzed (LINEs, 29%), and comprised of various LINE subfamilies in redundancy. Bigger 
genomic size for opossum may be primarily due to the less abundant segmental duplications, 
transposable elements accumulation. The euchromatic sequence total doesn’t belong to 
transposable elements and it is moderately analogous in human and opossum (1568 Mb versus 
1638Mb, respectively). The comparatively lower number recombination events may be associated 
to LINEs enrichment, as several studies have elaborated that locally less recombination rates are 
resulted where the density of LINEs is elevated [31]. 

Currently, a novel Staphylococcus aureus (MRSA) resistant to methicillin Sequence Type 
398 (ST398) isolate related to livestock has appeared globally. Even though evidences of invasive 
disease have been reported in humans, yet MRSA ST398 colonizes more commonly in livestock 
species and its rate is higher specifically in calves and pigs. However unique genetic traits can be 
identified by comparative genome analysis of an ST398 MRSA serotype with other S. aureus 
genomic sequences. These special traits might be helpful to explore ideas which made the ST398 
MRSA isolation as a successful lineage. Until now MRSA ST398 strains has not infected human 
probably due to the absence of various virulence factors required to facilitate infection in human. 
However they have an excellent ability to acquire dynamic elements that can help in getting these 
accessories to change virulence status regarding human infection. 

The lack of virulence apparatus may be handy to explore little disease susceptibility due to 
MRSA ST398. However, the suggested enormous capability of MRSA ST398 to uptake mobile 
elements may also possible to achieve the kind of mobile elements readily available to contribute 
towards virulence being an encoding machinery. The first study was reported for Panton-Valentine 
Leukocidin-positive MRSA ST398 strains [32,33,34]. As a reservoir of animals and humans 
increasingly it will acquire mobile genetic elements with the passage of time and those elements 
will be helpful in increasing the virulence in new host such as in the human host. 

2.1.6 Gene Duplication 

Gene duplication is a special molecular mechanism which governs the evolution through 
either chromosomal duplication or gene amplification and consequently new genetic material can 
be added during the evolutionary process. It actually represents to duplicated DNA region usually 
containing genes. Duplicated gene can be arised due to a large combination of errors in DNA during 
replication, in repair mechanism, as well as accidental selfish mobile elements configuration in the 
acceptor. Gene duplication is a complex mechanism which can be further categorized to ectopic 
recombination, aneuploidy, polyploidy, retrotransposition event, and replication slippage [35]. 

 

2.2 Mechanisms of duplication 

2.2.1 Ectopic Recombination 

During ectopic mechanism, duplications are resulted from unequal crossing-over during 
meiosis. Unequal crossover appears between homologous chromosomes, when they are 
misaligned on the equator, thus forming a duplicated segment in one half of genetic set while other 
remains empty. During this process, there are the chances of sharing the repeat elements in 
homologous chromosomes. The degree of sharing is dependent on choice of un-equal cross over. 
The recombination during un-equal crossover resulted into duplication at one site while a reciprocal 
deletion on the other site. Basically breakpoints of duplication forming a direct repeat are the places 
of sequences similarity which govern ectopic recombination. Repetitive transposable elements 
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offer repetitive DNA that helps in recombination are frequently present at the plants and mammalian 
duplication breakpoints [36]. 

2.2.2 Replication Slippage 

During replication slippage, an error in DNA replication of small genomic sequences can 
be duplicated. When replication is initiated by DNA polymerase and copy the DNA, during the 
replication at some site, the polymerase may be dissociated from the DNA strand as a result 
replication stalls. After some instances the polymerase rejoins the sequence strand, and it uses the 
replicating strand for alignment with incorrect position and it begins to prepare copies of the same 
segment many times. Replication slippage is also governed by a matter of few similar and repetitive 
sequences. 

2.2.3 Retrotransposition 

In this mode of duplication a replicating retroelement or retrovirus, viral proteins involved 
in cellular invaision and they may reverse transcribe their genome from RNA to DNA. If viral 
genome is reverse transcribed by attaching itself with cellular mRNA, they can prepare duplicated 
copies of genes by reverse transcription as retrogenes. In retrogenes introns are absent and usually 
contain poly A sequences when they are cummulatively merged into the genome and become the 
part of it. There are variations with respect to gene regulation from underlying many retrogenes as 
compared to the normal genes resulting into the origin of new functions. 

2.2.4 Aneuploidy 

Aneuploidy corresponds to a non-disjunction situation at a single chromosome resulting 
into variable chromosomes number. Aneuploidy is commonly dangerous in mammals which 
spontaneously lead to miscarriages. Some affected individuals can be capable to survive, i.e., 
Down syndrome in which affected individuals have trisomy at chromosome number 21. Aneuploidy 
is not likely to be spread in a population as it usually changes gene dosage in a pattern that is 
injurious to the organism. 

2.2.5 Whole Genome Duplication 

The polyploidy is the product of non-disjunction arises during meiosis and additional copied 
genetic material may be resulted after this error. The polyploidy is also called as whole genome 
duplication common in plants as compared to animals where it has occurred historically with whole 
genome duplication in a couple of times in the vertebrate lineage led the basis of current form of 
complexity in organisms. Most of the genes were lost after entire duplicated genome while retention 
of genes mostly laid down the foundation of adoptive innovation. Genes that were retained mostly 
constitute the Hox clusters. 

2.2.6 Identifying duplications in sequenced genomes 

The two genes existing in the genome of same specie members after a gene duplication 
event are called paralogous genes and usually their product is same with similar anatomy and 
function. On contrary to this, orthologous genes found in different species derived from their 
common ancestral sequence. 

It is mainly important to comprehend the difference between orthologs and paralogs. The 
gene function can be different if a homolog is a paralogue resulted from gene duplication event. 
The duplicated genes are sometime prone to insert transposable elements in their genetic sites 
and hence variable regions may arise in it leading to divergent evolution. Paralogous gene 
identification can be carried out by conducting comparative genome analysis with the help of 
annotated gene models. The algorithms are available such as BLASTp and tBLASTx to perform 
comparative genomic experiments on translated polypeptide chains to identify prehistoric 
duplications, or in order to find more recent duplications, experiments are carried out on DNA 
nucleotide sequences using BLASTn and megablast. Mostly identification of gene duplications is 
based on fuzzy reciprocal-best-hits or reciprocal-best-hits, where it is taken in account the matching 
relationship between each paralog and the others as a best hit during sequence comparison [37]. 
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Majority of gene duplications are found as low copy repeats (LCRs) rather than being highly 
redundant such as transposable elements. The genomic regions for instance pericentronomic, 
interstitial and subtelomeric regions of a chromosome are mostly the residing spots for these 
duplications. Many LCRs being less than 1Kb in length, orientation, similarity make them highly 
prone to deletions and duplications. 

Latest technologies available as genomic microarrays are now being employed to identify 
microduplications in chromosomes. Particularly, the underlying expression levels of plenty of genes 
across a wide range of experimental treatment and conditions. Thus, it is providing facilities for 
evolutionary gene regulation reconstructs related studies after speciation or gene duplication [38, 
39]. Similarly, the platforms in the form of next-generation sequencing can be used to identify Gene 
duplications. The paired-end sequencing reads are the effortless means available to recognize 
duplications resequencing data. However, tandem duplications can be searched by sequencing 
the mapped abnormal orientations read pairs. In this way, combining the techniques related to 
enhanced coverage as well as abnormal mapping of the coordinates may be helpful in the 
indication of duplication in the respective sequence data. 

2.3 Gene Duplication as an Evolutionary Event 

2.3.1 Subfunctionalization 

A few ways are possible in which duplicated genes are allowed to adapt one of these is 
Subfunctionalization. In this case, both duplicates are provided with equal opportunities to undergo 
degenerative changes only as long as the complementary compensation assurance is being 
provided by the other copy. That represents the neutral case of subfunctionalization or duplication-
degeneration-complementation (DDC model) [40, 41] in which function may be partitioned between 
two duplicated copies. Now without losing any gene, critical non-redundant functions will be carried 
out by both genes; however, neither of them would be capable to evolve novel function. Neutral 
processes govern Subfunctionalization when several mutations may be accumulated imposing 
neither deleterious nor beneficiary effects on survival. But, cleaver useful adaptations might occur 
in some subfunctionalization events. A duplicated gene can never change its function without 
affecting the original function of its other copied gene when their ancestral gene is pleiotropic. In 
this way, the ancestral functions can be partitioned to two distinct genes, thereby providing benefits 
regarding adaptation due to that kind of special subfuncationalization case [42]. 

2.3.2 Neofunctionalization 

Gene duplication being a source of novelty in genetics provides the chances for innovations 
in an evolutionary history. Moreover, they also led to genetic redundancy in a population. The 
second gene replicate often accumulates many mutations in it being neutral to the host survival. 
The second copy carries out the ancestral gene function when its replicate is mutated and 
consequently function is disturbed. In that case the other gene does not let down the original 
function but it acts as spare part and maintains the function in a host cell. In this way the duplicate 
genes can be mutated much faster as compared a single over successive generations. During this 
course of time one of the duplicated gene might get change in a way that it evolves a novel function 
and the route is called neofunctionalization. It corresponds to the apparent mutations in a duplicated 
copy of a gene catalyzing digestion in an ice fish family as an antifreeze gene and its duplication 
might lead to the evolution of a novel snake venom gene [43] and starts synthesizing 1-beta-
hydroxytestosterone [44]. 

Gene duplication being a major driving force behind evolution has been an important topic 
of research for members of the scientific community for more than hundred years [45]. Susumu 
Ohno is considered to the most famous scientist who has elaborated this theory in his book named, 
“Evolution by gene duplication” in 1970 [46]. According to him, gene duplication is an emerging 
parameter in the reconstruction of evolutionary history since the appearance of the universal 
common ancestor [47]. Majority of the duplications are rather fairly common in nature. It is 
considered that approximately 0.1 billion years ago whole genetic material of yeast underwent 
duplication [48]. Duplication profile is the heaviest in the case of plants, as wheat is a kind of 
polyploid (hexaploid), means it maintains six of its genomic copies in its cell. 
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2.3.3 Pseudogene 

Oftenly, the variation in genetic material leads to Rett-like syndrome as a neurological 
disorders and consequently develop the Pelizaeus-Merzbacher disease [49]. Such mutations 
usually vanish from individuals in a population being not capable to be preserved and develop into 
the evolution of new functions. However, several duplications being neutral to the population may 
be distributed or discarded out through either genetic drift or random flux. TEs as a dynamic 
element are detrimental to all Drosophila naturally by putting the animal under the negative 
pressure with the survival rate very low [50]. Their mobility might be involved in the relocation of 
the compact DNA thread in a genome. 
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Answer the following questions 

 

1. Differentiate between mitosis and meiosis 

2. Explain the process of recombination 

3. What do you know about Blue Tongue Virus (BTV)? 

4. Define function and location of gene 

5. Define the term Aneuploid 
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CHAPTER – 3 
 

BIODIVERSITY 
 

Biodiversity refers to compute a degree of different variety in terms of life present in an 
ecosystem. The variation criterion takes into account their genetic, ecosystem, or species variation 
[1] within a specific region, biome, or planet. One of the important biodiversity that exists in the 
vicinity of the equator is the terrestrial biodiversity which relies on relatively the warm environment 
[2] and primarily are tend to be accounted for high producers [3] with their biodiversity is not 
distributed uniformly in this world, while it is concentrated in the tropic regions. Mid-latitudinal band 
of all oceans in the elevated temperature Western Pacific areas are the core host of marine 
biodiversity or probably their gradient is the highest over there. The diversity of species is 
concentrated as latitudinal in nature and is found as clusters in hotspots. The process seems to be 
driven slowly in the future [8] but in the current scenario, the frequency is relatively higher [6,7,4,5]. 
However, large biodiversity needs a proper system of classification for their comprehensive study 
and that is discussed in the following paragraph. 

The whole globe is intensely populated with variety of life ranges from terrestrial to marine, 
microorganism to mammals, aerials microbes to life hidden under the floor of earth. So importance 
and significance of the life on earth is demanding in depth concentration from the professionals to 
explore the concealed characteristics of each species and how it is contributing its role in the 
ecosystem to maintain the overall balance of the globe.       

Breed classification requires a sophisticated mechanism developed for World’s Animal 
Genetic Resources for Food and Agriculture with clusters breeds on the basis of residency in one 
country and it is recognized as local breeds. In addition to this, breeds found in more than one 
country are generally acknowledged as transboundary breeds. So, domestic Pakistani livestock 
have a long list of species and myriad number of breeds within these species, which we have to 
address and highlight the importance of these species to conserve them. The transboundary breed 
is further categorized into regional transboundary breeds and international” transboundary breeds 
and breeds accruing within one region as well as belong to more than one country, plus breeds 
found in greater than one region along with their two or more countries of residence. The national 
population of a breed is decided as transboundary breed based on reviews and analyses of 
National Coordinators for the Management of AnGRs form respective countries. The new 
classification systems are required to meet future requirements and are being derived in order to 
assess local as well as universal biodiversity. This is one of the sensitive issues to declare the 
fauna and flora belongs to certain country because it may have some reservations, so according 
to FAO, in total 7616 breeds have been reported in the Global Databank and among them 6536 
breeds are observed as localized whilst 1080 breeds are transboundary. The transboundary breeds 
generally consists of regional transboundary and international transboundary breeds. Their living 
breeds are 523 and 557 respectively [9]  However, 20 percent of total livestock breeds are at risk 
which is clear from the fact that during the previous six months, 62 breeds have been wiped out 
with the rate of one breed per month. 

The Tamil Nadu hosts agro-ecosystem which is an important component of Korangadu 
and consequently brings up its famous breed that is known to survive at dehydrated conditions and 
it is Kangayam cattle. In the earlier times, this muscular organism was harvested to carry water and 
other hardships related to hauling and general transportation. The Korangadu grassy field available 
for food to cattle is successively being converted into construction sites as a consequence of 
various factors including diesel and electrical pumps for irrigation and increase in the prices of land 
properties. These factors have enlarged impact on differential loss of the population of Kangayam 
cattle. In spite of this, Sundaram Ramaswami and Soundra (the wife) bonging to Mulanur have 
successfully domesticated Kangayam stud bulls for cross breeding with Holstein-Friesian cows 
[10]. 
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3.1 Rare Animal Diversity in Pakistan 

Pakistan being a transitional zone among the Ethiopian, Palearctic are a kind of 
heterotrophic geographical regions where flora and fauna are affected by the abrupt variations in 
altitude and it also inhabits the rarest animals and plants ever found in the earth. Snow leopards 
and Unicia are among the endangered species which are known for their survival skills as well as 
blemished coat on them and found in the mountainous regions of north. Moreover, the Indus 
dolphin, Platanista minor in the south regions are considered to be prevalent while they are now 
threatened due to consistent developments related to barrages construction along the Indus River. 
During winter populations of waterfowl are migrated to the wet fields of Indus and migration route 
which is the Indus flyway is ranked fourth at world level. To facilitate understanding, global diversity 
is usually divided into three categories: species diversity, ecosystem diversity and genetic diversity.  

3.1.1 Species Diversity 

Species diversity ranges across 2 million to 0.1 billion while best estimation reveals that it 
lies up to 10 million talking about the variety of species within a given region. Regional diversity is 
greater where larger variety of species is existing as compared to a region hosting less number of 
species. Actual diversity is far greater than the variety measured on the earth and it can be verified 
from the fact that a large number of species belongs to insects and micro-organism category while 
out of hundred species only 3-5% is reported to science. Now studies are being conducted to 
investigate species rich communities and areas hosting them before they are disappeared from the 
scenario. Birds and mammal diversity contributes to less than 0.5% of total variety. Out of this 0.5%, 
some of 40 plus are domesticated as livestock species whereas fraction of these livestock species 
that provide 82% of world’s food and agriculture is only 14%. These species have been available 
to be domesticated for thousands of years in the past and these were under the influence of their 
local environment and required communities which allowed them to evolve independently and as 
a result they developed their corresponding unique genetic profiles. Now remaining domestic 
breeds merely seven thousands in number and their representative species along with their more 
than 80 relative species constitute the total animal genetic resource. Bird species are of great 
important, their extinction is the major indicator of polluted environment and existing conditions are 
not suitable for their survival. Currently, wild bird are depleting significantly, this is one of another 
area of attention for wild life department and other researchers in this field of ornithologists. Illegal 
hunting, deforestation, urbanization are the major causes of avian species. 

 The variety of domestic animals has been diversified and evolved in several millions of 
years through the process of natural selection, their farming and thus stabilizing the important 
resources utilized in food and agriculture. With the passage of this time, the environmental and 
human influence led to the origin of unique genetic of breeds. The spectrum of intra and inter breeds 
and species variation at genome level and useful in agriculture are referred as domestic animal 
diversity. 

 Selection processes, supervised by the environmental and human influence, along with the 
random sampling have been indirectly involved in the elevation of genetic diversity as a 
consequence of genetic drift in populations over successive generations which have led to the 
foundation of unique genetic variants amongst breeds. Therefore, it can be concluded that the 
maintenance of production and living communities for human that are reliant to agricultural 
ecosystems, have been dependent on that kind of activities associated with breeds along with the 
species. Now researchers have suggested that about half of the total genetic variation in 
domesticated species belongs to the category of variation at breed level. Also the comparison 
between domesticated and wild species discloses significantly reduced diversity in wild species.  

The global demand for food and agriculture is partly met by animal production up to 40% 
achieved by animal farming which contributes major part of livelihood for 1.96 billion people. Its 
further contributions directly have convincing proportion of food production around 19% as well as 
its one of the critical role is the provision of essential fertilizer constituents significantly to agriculture 
sector of developing regions. These fertilizers provide core nutrients which are available to the soil 
to remain productive. Furthermore, cooking and heating are governed by animal manure used as 
primary fuel source. Additionally, as discussed above animals are very helpful to provide drought 
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power to derive irrigation and harvesting the crops as well as in transportation of accessories 
worldwide today. Animal products are readily available for medical reasoning; used in some regions 
due to their underlying traditional implications; and in industry, their products are utilized in clothing 
plus leather has become as a raw in generous manufacturations. In addition, poor in developing 
countries are helped to generate cash reserves by domesticating them. It is important to say that 
larger diversity of domesticated animals is considered to be very crucial for mixed farming as 
compared to monoculturing usually seen in areas of agriculture production.  

The diversity of domestic animal conservation is important to cope with future plans. A 
large variety in the existing environments which are naturally dynamic depending upon seasonal 
variations and they must be utilized to produce foodstuff and agriculture. In these kind of situations 
when somebody is uncertain about his future, a broad spectrum of genetic behavior must be 
explored in different sort of environment because genetic reserves make their own way to respond 
against a directional force imposed by environment. Also, future emergencies can be handled with 
sophistication by maintaining genetic diversity as a package of insurance. Production of breeds in 
large number in diversified environments is essential to meet challenges including nutritional 
threshold and confronts of infections due to different agents. Their genetic preservation act as 
depots where they are selected depending upon environmental stress for instance disease, drought 
or famine epidemics. Thus large challenges range requires the production of a lot of breeds and 
species with the most important thing is that each individual is adapted to a particular set of states.  

A production environment can be stabilized by maintaining diversity in case when a 
particular organism is not able to survive under certain circumstances then others are available to 
replace the one which has been failed. The growing demand of food is increasing exponentially 
that will be doubled after 20 years due to fast rate of increase in human population, so food and its 
supplements production must be enhanced in a parallel fashion to avoid crisis. Additionally, the 
cultural variations and different trends in purchasing powers affect the qualitative food and 
agriculture stuffs which are required by communities. There must be a dynamic and well 
manufactured livestock system behind the management of elevating demands of products inside 
and outside of the country. The local ecology is also influenced by variations in food and agriculture 
production. A variety of genetic tool kit is the prime requirement for consistency in diverse 
environments [12]. As genetic diversity within wild specie being a depot of naturally selected 
potential are valuable although unknown resources but are very useful and essential to neutralize 
future disasters. It is worthwhile to say that the practical purposes and cultural reasons must be 
taken into consideration in order to maintain diversity in a community. It’s a proper way to increase 
hosting capabilities of an environment with the domestication of animals in a community while there 
would be the positive influence on human habitat. Diversity of animals is evolving since 12000 
years with strong association with our heritage and care must be taken for coming generations. 
Being an inhabitant of agricultural based country, it is depressing. However, Pakistan is importing 
dry milk, this is serious concern and we have to search out the ways to export rather than to import 
the dairy products and its by-products 

3.1.1.1 Buffalo 

Buffalo is an important resource to investigate and enhance the genetic biodiversity level, 
which is used for breeding purposes, such as bulls, cows and heifers.  Similarly, semen and 
embryos are also being sold for this purpose. Majority of the animals are traded for milk and 
fattening/meat purposes. Few of the animals are meant for breeding purposes because these are 
superior animals and demands more attention and reared in special circumstances. There are three 
major work markets for trading live animals, Europe, North America and Southwest Pacific. In 2003, 
there were fifteen members of European Union which has exported more than 150,000 breeding 
heifers yearly. Normally, half of the population goes to North Africa, West Africa and Eastern 
Europe while the other half remain in these countries of EU. At the same time, countries import 
almost 15000 breeding heifers of proven quality from different countries including whole Europe, 
Switzerland and Canada while imports from the USA are banned due to disease consideration [13].         

In Pakistan and India, buffalo is preferred animal for its valuable products of milk, meat, 
butter and ghee due to high percentage of fat contents as compare to cow, goat, camel and sheep 
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milk. Normally, female households are engaged in the small level animal husbandry practices. They 
manage small herds of buffalos, cows, goats or sheeps and some time camels as well. People of 
these countries prefer fresh milk and by products of buffalo milk. Sweets are being made of daisi 
ghee which is one of the byproduct of buffalo milk in subcontinent.  

Buffaloes have been considered as sacred animals in few of the religious philosophies. 
Some anthropologists mention it in the old civilization that priest has extra responsibilities to rear 
the sacred buffalo. They were asked to provide milk, ghee and other by products for special 
religious events and festival as good omen [14].            

3.1.1.2 Dromedaries 

Camel is another animal of great importance. Its milk and meat is unique and second to 
none. Genetic potential of this species in need to explore to conserved the valued potential of this 
breed. Camelous dromedarius and camelous bactrianus are commonly known as single humped 
and two humped camel. Pakistan and India have more population of single humped as compare to 
two humped animal while vise versa in Arabian gulf region which is more populated with camelus 
bactrianus [15]. 

Usage of this animal as transportational purposes is another wide use of this species, 
especially in the desert areas of Indian subcontinent, where the mode of transportation are limited 
and camels are being used as for plugging, fetching water from far flung areas and other toe 
purposes [16]. 

Camel meat is also being preferred; it is highly demanded meat in some of the religious 
ritual in Muslim philosophy which augments the significance of this animal. Special feature that 
needs to be explored in this animal is its genetic potential regarding the off feeding clutches for 
long time, which make this animal more unique and more attracting for marginal farmers and 
suitable animal for pastoralists [17].     

Disease resistance genetic potential is another lucrative region to explore the species. This 
animal is reported more resistant to bacterial and other diseases as compare to other livestock 
species. So, disease association, genetics and genomics have great implications and are worthy 
areas to be explored in depth [18]. 

3.1.1.3 Sheep 

Oves aries is another species of prime importance and these animals are part and parcel 
of the pastoralist economy of the country. Meat of this animal is highly preferred in Pakistan and 
Arabian countries [19]. Lamb meat is tender, juicy and specially preferred in urban areas of 
Pakistan. But the rearing of this animal is being done in whole of the country specially the cities of 
southern Punjab which are suitable for its farming due to plenty of ranges and suitable environment 
[20]. 

There are almost twenty breeds of sheep scattered all over the country. This docile animal 
has many features which has to explore to get the full benefits from this animal [21, 22]. Other 
features of this animal are its milk and wool production. Normally sheeps are not reared solely for 
the meat production but its milk is second preference when the milk from other resources is not 
available. Sheep wool quality is a valuable trait and many farmers reared sheep for the fiber 
demand as well [23, 24].                 

3.1.1.4 Yaks 

Bos gruniens is long haired animal of hilly areas, especially acclimatized to South and 
Central Asia on the Himalaya region [25]. This domesticated species belong to Bovid genus. But 
another species named Bos mutus, whose population is endangered and under threat. It prefers to 
live in wild habitat [26].         

3.1.1.5 Goats 

Pakistan is rich in goat breeds. Approximately, 20 different breeds are present in whole of 
the Pakistan, especially in southern Punjab region of Pakistan. This animal is being used for the 
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meat purpose. Mainly in the Muslim countries, there is a big market of Eid ul Adha. Capra hircus, 
the animal of great importance, the maximum population of this species is scattered in Africa. There 
are more than 80 breeds in the world [27]. Pakistan is also enriched with this animal and inhabitant 
of more than 20 breeds scattered across the country [28]. The Southern part of the Punjab province 
is most suitable due to the large number of ranges, dry lands and the economy of the Pakistan 
dwells here. As mentioned earlier, sixty percent of African goats are present in Sub-Saharan Africa 
and almost 291 million heads of this animal are there which is a livelihood source of marginal 
farmers of this region especially the African region [29].       

3.1.2 Ecosystem Diversity 

There are environmental divisions on the basis of land and water on earth which are 
resulted into several ecosystems. These ecosystems have been classified into hot and cold 
deserts, wetland and grass lands, tropical and temperate rain forests, coral reefs, tundra and 
mangroves zones. These ecosystems are specialized in biodiversity and possess niche of different 
organism. Worldwide, there are various regions that are enriched with the variety of organisms as 
well as in biodiversity. Each ecosystem is also rich in certain endemic species which make it 
different from other and a great contribution to the overall health of the global ecosystem.     

3.1.2.1 Genetic Diversity 

Biodiversity, which we see around, whether it is animals or plants is the result of genetic 
diversity. Genetic diversity is set of information that an individual possess in the form of genetic 
codes in its DNA. These genetic codes are different in all individuals that’s why we see different 
species, breeds and strains around us. This is an amazing area of research in the current era 
because things are not being understood superficially now. So in nutshell everything is encoded in 
genes which are special segments in DNA and encodes a particular type of protein. Approximately, 
there are 35,000 genes in human to differentiate from the rest of the species on the face of this 
earth. Everything is encoded by the genes, from physical appearance to behavior, from face 
expression to eye color, two to four legged animals, and mammals to reptiles.  All characteristics 
are the results of different genetic information. The variety in species might be the reason of nicking 
phenomena of the genetic material of different species which result into another species with 
different morphology, structure, behavior and with special genetic characteristics. 

Sometimes, it happens synthetically as well when we want to introduce the genetic material 
of one of the species in the form of particular gene into another species. Recombination of the 
genetic material within and across species makes all the fruitful changes in the products gained by 
the amalgamation through the technique of DNA recombinant technology.  

Selective cross breeding is used to nick the desired traits from one animal to another, from 
one plant variety to another. In which we can improve the breeds and plants varieties from low 
yielding to high yielding individuals.                            

3.3 Valuable Animal Genetic Resources 

In many countries, the livestock sector makes a significant contribution to national 
economic output. On average, this contribution is highest (between 4 and 5 percent of regional 
gross domestic product) in the Middle East, Asia and Africa. Although the overall figures are 
relatively modest, it is important to note that livestock production contributes thirty percent of 
agricultural GDP in developing countries with an increase to thirty-nine percent by 2030. Moreover, 
in some of the world’s poorest countries, the contribution is far above the regional averages. 
Another significant development in recent years has been the emergence of new net exporters of 
milk, meat and eggs among developing countries. Production and trade figures at the national or 
international levels do not, however, reveal the full socio-economic significance of the livestock 
sector. The fact that livestock contribute to the livelihoods of very large number of people has to be 
taken into consideration.  

From another perspective, the vast areas of land used for livestock production indicate the 
environmental potential and social impacts of developments in the sector. Livestock keeping is a 
vital element of ecosystems and productive activity all over the world. Another important 
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consideration is the value of marketed food, fiber, hide and skin products is relatively well recorded, 
However, there is a danger that the many non-marketed outputs and less easily quantified benefits 
provided by livestock are undervalued. 

Marginal farmers select such type of animals which are beneficial for their sustainable 
agriculture and amenable to their existing system (draught power and manure). Where modern 
financial institutions are inaccessible, animals that can be sold in times of need provides many 
households with the equivalent of savings and insurance services. Livestock and their products 
also fulfill a wide variety of social and cultural functions. These are important elements of many 
religious festivals, weddings, funerals and other social gatherings, and contribute to sporting and 
leisure activities. In many livestock keeping societies, exchange of animals also helps to reinforce 
their social relationships.  

Most of the livestock species are also used as keys for agro-ecosystems. They are 
dispersing seed through their dung, nutrients cycling which help in the habitat maintenance. 
Veterinary and animals science are part and parcel of the agriculture system, their importance as 
a tourist and leisure purpose animals is also increasing and animals are becoming more and more 
domesticated and part of our daily life. For example, horses are being used for leisure purpose and 
selective breeding are vigorously being followed in this species [29]. 

There are myriad genetic variations within species and breeds, which are need to explore 
and then selective breeding, make these breeds different from the other one. There are different 
types of markers which may alter within species to species, breed to breed and within individuals 
even. These include microsatellite and minisatellite markers, CNV, Single Nucleotide 
Polymorphism (SNPs) which may be used to identify the individuals and overall genetic potential 
of particular species or breeds. 

According to the Global Databank for Animal Genetic Resource. twenty percent of the 
breeds are classified at risk, while almost 690 breeds are extinct [30]. Genetic characterization is 
no doubt very important to have clear picture of the animal potential but the identification of the 
desired traits is not so successful and reflected within our existing managerial and animal 
husbandry system, which will not pose a highly productive animal on the forefronts due to which 
the selective breeding is also not fruitful in some cases.      

3.4 Genetic characterization at molecular level: 

As the name indicates, this characterization depicts mutational events in a gene or a 
protein molecule and this variation is recognized by DNA markers. There are very less 
polymorphism chances in proteins with its limited applications, therefore DNA polymorphism are 
considered as choice markers for this characterization. 

This consists of sampling of the test material (which is to be assayed), DNA extraction from 
respective samples, assaying and sequencing, data gathering and analysis, report writing, data 
base maintenance and gene bank submission. This study is basically done to explore the diversity 
between different species within same or different populations. Laboratory results help in: 

 Determining inter and intra specific breed characters 

 Identification of habitat according to respective origins 

 Ancestral history through phylogeny 

 Recognition of carriers and gene mapping implementation 

 Relationship footage among population 

 Assisted genetic improvement for research and developmental purposes [31]. 

Molecular markers can be used as an application for those cases in which there is no 
information known regarding pedigrees for calculating size of population. In the absence of 
characterization data of breed or population origin, genetic markers help in providing functional 
diversity within population [21]. 
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3.4.1 Genetic information of livestock 

The study was conducted in the Laboratory of institute of Molecular Biology and 
Biotechnology, University of Veterinary and Animal Sciences, Lahore; all the samples were 
collected on home basis and from the surroundings of the Lahore and its peripheries. The 
background of the study was to find the confirmation of the current phylogenetic tree and their 
existence periods on time scale. Secondly, difference between the same species is studied in 
nearby areas like Punjab, Sindh, KPK and Baluchistan.  

Table 3.1 Investigation of various genetic markers in cattle 

Types of genetic markers %age 

Biochemical markers  (25 %)  

Blood groups  (21 %)  

Allozyms  (13 %)  

Microsatellites  (88 %)  

AFLP  (8 %)  

RFLP  (17 %)  

SNP  (13 %)  

Other markers  (13 %)  

 

Two samples of yak were also studied. The blood and hair samples were sampled and 
microsatellite loci were investigated along with Y-specific DNA, mtDNA and allozyme. 

3.4.2 Genetic information from sheep and goat: 

Samples of sheep and goats were collected. Semen was not preferred due to micro role 
of artificial insemination in sheep as compared to cattle. Samples were stored for further analysis. 
Following genetic markers were used single base mutation, fragment length mutation, 
microsatellite, allozyme and other markers given in the table. 

Table 3.2 Investigation of genetic markers in sheep 

Types of genetic markers  %age 

Biochemical markers  (17 %) 

Allozymes (6 %) 

Microsatellites  (89 %) 

AFLP  (6 %) 

RFLP  (17 %) 

SNP  (6 %) 

Other markers  (22 %) 
 

 Among all the loci and DNAs seen, microsatellite locus was preferred to be used as a 
genetic marker. DNA was either used for conservational purpose or for further testing to deduct 
result. MtDNA and Y-specific DNA were also analyzed in some samples as well to study its 
features, importance and role for future investigation. (Table 3.3) 
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Table 3.3 Investigation of genetic markers in sheep 

Types of genetic markers  %age 

Biochemical markers  (18 %) 

Allozymes (18 %) 

Microsatellites  (91 %) 

AFLP  (9 %) 

RFLP  (27 %) 

SNP  (27 %) 

Other markers  (18%) 
 

3.4.3 Molecular genetic information from camelids 

Camelids blood, hair and tissue samples were collected and DNA was isolated and stored. 
mtDNA was used in Bactrian camel. This table depicts the genetic markers which were analyzed 
from these samples. 

 

Table 3.4 Investigation of genetic markers in camelids 

Type of genetic markers  Number of sample  Species  

Biochemical markers  1  

1  

Alpaca  

Bactrian camel  

Microsatellites  3  

2  

1  

Alpaca  

Dromedary  

Bactrian camel  

RFLP  1  Bactrian camel  

 

3.4.4 Application of microsatellites in genetic distance measurement within livestock 

Food and agricultural organization has listed microsatellite loci which can be used for 
studying genetic distance in cattle and other livestock species. In the next column, usage of that 
locus has been shown in number of FAO projects along with the percentage rating. This list is 
shown in table 3.5.  
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Table 3.5 FAO-recommended projects used these microsatellite loci  
 

Recommended microsatellite 
loci  

Number of projects  Percentage of projects  

BM1818 (D23S21)  12  57 %  

BM1824 (D1S34)  18  86 %  

BM2113 (D2S26)  16  76 %  

CSRM60 (D10S5)  9  43 %  

CSSM66 (D14S31)  10  48 %  

ETH3 (D19S2)  15  71 %  

ETH10 (D5S3)  17  81 %  

ETH152 (D5S1)  12  57 %  

ETH185 (D17S1)  9  43 %  

ETH225 (D9S1)  19  90 %  

HAUT24 (D22S26)  11  52 %  

HAUT27 (D26S21)  10  48 %  

HEL1 (D15S10)  12  57 %  

HEL5 (D21S15)  12  57 %  

HEL9 (D8S4)  10  48 %  

HEL13 (D11S15)  11  52 %  

ILSTS005 (D10S25)  14  67 %  

ILSTS006 (D7S8)  13  62 %  

ILSTS011 (D14S16)  5  24 %  

ILSTS030 (D2S44)  4  19 %  

ILSTS033 (D12S31)  5  24 %  

ILSTS034 (D5S54)  3  14 %  

ILSTS054 (D21S44)  3  14 %  

INRA005 (D12S4)  11  52 %  

INRA023 (D3S10)  14  67 %  

INRA032 (D11S9)  11  52 %  

INRA035 (D16S11)  12  57 %  

INRA063 (D18S5)  11  52 %  

MM8 (D2S29)  5  24 %  

MM12 (D9S20)  11  52 %  

 
30 microsatellite loci have been recommended for calculation of genetic distance in cattle. 

They were used in 21 projects. This list tells that microsatellite markers have been widely used in 
cattle and other livestock species to study DNA characterization at molecular level. 
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Table 3.6 FAO-recommended projects used these microsatellite loci in sheep 
  

The above depicts total number of projects on sheep that have been carried under of FAO 
recommended genotype list of microsatellite loci. Likewise, each of the mitochondrial loci has been 
described and this depicts that these satellites play major role for determining genetic 
characterization and other related features. 

This list shows usage of these satellites for determining DNA patterns in pigs. Large 
number of microsatellite loci has been used in wide range as markers for DNA characterization. 
Many projects have been carried out in pigs but only six has been mentioned. 

Recommended microsatellite loci  Number of projects  
Percentage of 
projects  

BM757  6  35 %  

BM827  1  6 %  

BM1314  4  24 %  

BM6506  5  29 %  

BM6526  5  29 %  

BM8125  5  29 %  

CSSM31  4  24 %  

CSSM47  2  12 %  

HUJ616  2  12 %  

ILSTS002  2  12 %  

OarAE129  5  29 %  

OarCP20  8  47 %  

OarCP34  8  47 %  

OarCP38  4  24 %  

OarFCB128  7  41 %  

OarFCB20  12  71 %  

OarFCB48  8  47 %  

OarHH35  2  12 %  

OarHH41  1  6 %  

OarHH47  5  29 %  

OarHH64  4  24 %  

OarJMP29  7  41 %  

OarJMP8  1  6 %  

OarVH72  4  24 %  

OMHC1  1  6 %  

RM4  2  12 %  

TGLA137  1  6 %  
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3.4.5 Application of microsatellite for calculating genetic distance in yaks, buffaloes, 
goats, horses, camelids and rabbits 

These microsatellite loci have been used in different projects for calculating genetic 
distance in buffaloes, goats, horses, rabbits and Camelids. It provides data regarding genetic 
distance which depends upon difference in the mutation rate at the same time on the same gene 
under selection. The gene may be more conserved or mutated which tells genetic difference from 
each other species. 

Table 3.7 Genetic distance studies involving these microsatellites in buffalo 

AGLA293  CSSM038  CYP21  

BMC1009  CSSM041  BRN  

CSSM008  CSSM043  ETH121  

CSSM013  CSSM045  ERH131  

CSSM015  CSSM046  HMH 1R  

CSSM019  CSSM047  MGTG4B  

CSSM022  CSSM075  TGLA48  

CSSM029  CSSM060  TGLA57  

CSSM032  CSSM061  TGLA126  

CSSM033  CSSM038  TGLA227  

CSSM036  CSSM062  TGLA263  

Table 3.8 Genetic distance studies used involving these microsatellites in goats 

 

Microsatellite  Number of projects  FAO list  Specific comments  

BM1314  2  sheep  

BM1818  6  cattle  High PIC  

BM1824  2  cattle  

BM2113  2  cattle  

BM6506  2  sheep  

BM8125  2  sheep  

CSSM066  2  cattle  

ETH10  5  cattle  

ETH152  1  cattle  

ETH225  4  cattle  Null alleles 

reported in sheep  

HAUT27  2  cattle  

INRA005  6  cattle  

INRA023  6  cattle  

INRA032  1  cattle  

INRA063  6  cattle  

ILSTS005  6  cattle  

ILSTS011  8  cattle  High PIC  
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MM12  2  cattle  

OarAE129  1  sheep  

OarCP20  3  sheep  

OarCP34  2  sheep  

OarCP38  1  sheep  

OarFCB20  7  sheep  

OarFCB48  6  sheep  High PIC  

OarJMP29  1  sheep  

RM004  1  sheep  

TGLA137  1  sheep  

Table 3.9 Genetic distance studies involving microsatellites in camelids 

 

Microsatellite  Alpaca  Dromedary  Bactrian 

camel  

CVRL1  X  X  

CVRL2  X  X  

CVRL5  X  X  

CVRL6  X  X  

CVRL7  X  X  

LCA5  X  X  X  

LCA19  X  X  X  

LCA22  X  X  X  

LCA33  X  X  X  

LCA37  X  X  X  

LCA56  X  X  X  

LCA63  X  X  X  

LCA65
1 
 X  

LCA66
1
 X  X  X  

LCA77  X  X  

VOLP03  X  X  X  

VOLP08  X  X  X  

VOLP10  X  X  X  

VOLP17
1 
 X  

VOLP32  X  X  X  

VOLP59
1 
 X  

VOLP67
1
 X  X  X  

YWLL02  X  X  

YWLL08  X  X  X  
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YWLL09  X  X  X  

YWLL19  X  

YWLL29
1
 X  X  

YWLL36
1 
 X  

YWLL38  X  X  X  

YWLL40  X  

YWLL43(X-linked)  X  

YWLL44  X  X  X  

YWLL59  X  X  

Convention: X: typed for the species. 

3.5 Assessment of genetic diversity using DNA markers 

3.5.1 Nuclear DNA markers 

Certain markers have been developed which can detect any mutation in nuclear or 
genomic DNA and this plays major role for calculating genetic diversity and microsatellites are the 
most preferred ones. 

3.5.2 Microsatellite 

These are the most commonly used markers for studying genetic attributes [46]. Co-
dominant nature and high rate of polymorphism helps in calculating inter and intra species genetic 
diversity.  

RFLPS are analyzed using endonuclease enzymes that cleave DNA at restriction sites and 
each enzyme has its own respective site which is cut in the DNA sequence. PCR-RFLP is a 
commonly used application which identifies mutated alleles at a specific site. Firstly, gene 
amplification is carried out using polymerase chain reaction. Then, restriction enzyme does its work 
by cleaving that allele and broken amplicons are digested and dissolved using gel electrophoresis. 

SSR or STR has short tandem repeats of DNA base pairs that consist of 2-7 bps and are 
spread extensively in a genome. Microsatellites are small in size and thus can be easily amplified. 
DNA amplification can be done by extracted DNA from hair, faeces, skin or any part and then the 
mutation can easily be observed on gel. [47, 48] These satellites are hyper variable ones i.e. 
showing highest variability at an allele that differs in repeat numbers. 

Mini-satellites have ten to hundred bps and have variable number tandem repeats 
mutation. AFLP identifies DNA restriction fragments through PCR amplification. STS DNA 
sequence occurs at a known position and only one time and thus are used in building physical 
maps which tells physical distance of one chromosome from the other in the unit of centi-Morgan 
whereas SNPs depict polymorphism that may occur many times on the same genome and thus are 
highly abundant. These mutations are mostly in non-coding regions and this mutation has the 
capability to induce mutagenesis resulting into a defective function. 

3.5.3 AFLPs 

Dominant di-allelic markers which are used to assess variations in unknown regions of 
genome are termed as AFLPS. Their mode of inheritance is dominant which hinders breeding 
diversity as mutational rate and polymorphism chance is greater. These markers play important 
role in investigating genetic linkage between breeds and related species. 

3.5.4 Mitochondrial DNA Markers 

For the phylogenetic and gene diversity analysis, polymorphisms in Mitochondrial DNA 
(mtDNA) have been used largely. The individuals inherit the mtDNA from their mothers which is 
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haploid, that is, it is maternally inherited. It exhibits increased rates of mutations even though it 
does not undergo any recombination. Thus, this property has been greatly used by the biologists 
for the construction of evolutionary relationships within species and thus to compare mutational 
patterns in the mtDNA. Mitochondrial DNA markers have also provided a great deal of help in the 
detection of hybridization in the livestock species or subspecies [55, 56]. 

3.5.5 Quantitative Trait Loci (QTL) Mapping 

As described by Mendel, various genetic markers portray Mendelian traits; that is, they 
follow the laws of segregation and independent assortment. It is believed that any two genes which 
are present together on the same chromosome will be inherited together as they are physically 
linked together. However, while undergoing meiosis, this linkage between the homologous 
chromosomes may be broken. Furthermore, the frequency of recombination exhibited by any two 
genes located on the same chromosome is dependent on the distance they have among them. All 
of this information, thus, leads to the inference that the rate of recombination exhibited by the 
markers is indicative of the amount of linkage: the lower the recombination rate, the closer the 
markers. This property is made use of the construction of genetic maps where the order of markers 
and their distance is used. For most livestock species, density genetic maps are available for 
hundreds to thousands markers. 

For the identification of QTL of the trait under study, an evenly spread mapped molecular 
markers are genotyped with a family that has been segregated for the trait (Box 76). For tuning of 
different chromosome regions in a genome, there is a method which processes QTL percentage 
exhibiting different traits including quantity and quality of milk etc. This helps in giving the position 
and distance of one locus from the other in centi Morgan unit (CM). Once the fine mapping has 
been done, it is followed by determination of genes which are related with the performance trait 
and these genes are then sought within the genes that have been identified. It has been 
demonstrated in different species of different regions and varying results can be observed which 
helps in establishing deduction. 

Sometimes, the main function of a gene is obtained from unknown sources. Myostatin gene 
was used for this point, whose function was first learned in mice and later was also studied in the 
chromosomal region of the cattle where previously a double-muscling gene was mapped. [62] 
Function of the gene is of great significance in this regard but to date, functions of a majority genes 
and cDNA (complementary DNA) sequencing is still unknown. For this reason, studying the 
patterns of gene expression in conjunction with the positional approach would greatly help in the 
identification of candidate genes. This methodology is denoted as genetical genomics.[63]  

The next section would further describe new approaches used for the investigation of 
patterns of gene expression. Other methods are currently being studied (Box 77). Such methods 
are presently being experimented and only more research would help evaluate their effectiveness. 
The final aim of mapping of QTLs is to recognize the QTG, and finally the QTN. In the near future, 
many QTG and QTN will be discovered and therefore various conservation models need to be 
formed which would help in the study of functional traits and mutations. 

3.5.6 Analysis of gene expression 

Experiments have been carried out which depicts gene expression showing molecular 
characterization and specific traits. Currently techniques, such as differential display (DD), [64] 
cDNAAFLP [65], serial analysis of gene expression (SAGE) [66, 67], mass spectrometry, and 
protein and DNA microarrays, are used for the study of the assembly of the transcripts in sample 
of a species (transcriptome) and the assembly of proteins. These techniques are used to 
simultaneously assess nearly all genes which are present in a tissue at a particular time and are, 
thus, a huge revolution in RNA and protein analysis studies. Therefore, these techniques help in 
deciphering networks underlying many complex traits. As opposed to using a torch to view only a 
part of the whole, the -Omics technologies are helping with larger and clearer views of the smaller 
problems. In reality, however, these techniques pose a problem of difficulty for their use and the 
cost involved in applying them. In addition to this, data analysis is a major issue as well. A significant 
prerequisite in gene expression studies is obtaining the homogeneous cell samples and thus 
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requires meticulous work and attention. Working with a huge number of assays in parallel gives 
small cost on one assay but results in increased cost used on one experiment. High technical skill 
and expensive equipment is required in the experimental work. Thus, this adds to the already 
difficult task of analyzing RNA.  

Due to its high sensitivity to degradation, RNA extraction from tissues requires great care 
as it is extracted from tissues with high metabolism rates. Undeniably, the success of RNA analysis 
experiments lies in sample conservation and manipulation. The application of nanotechnologies, 
for solving these problems, has proved to be a very workable option for the analysis of biological 
molecules [68]. In addition to all the problems listed, data handling poses another problem. 
Molecular datasets which include gene expression profiles requires only a short period of time for 
their production. Yet, for consistent data analysis of biological datasets, the correction of data 
between laboratories is required. For effective investigation of networks, standardization and 
interconnected databases between the laboratories is imperative.  

3.5.7 Transcript profiling 

Microarray is one of the state of the art techniques of this era, which may have many 
applications from genotyping to expression profiling. RNA sequencing may be done for transcripts 
profiling, transcripts are different form of the gene in which alternate splicing generate these 
variants. 

RNA sequencing gave us the clear picture of total transcriptome in the body particular in 
different physiological condition. As transcriptome is the reflection of genes being expressed in that 
particular case. Transcript profiling explain i) Expressed sequence tags, ii) what type of genes are 
being expressed in this condition, iii) what different pathways are involved in case of differential 
expression. 

Differential expression of genes may be determine through RT-qPCR and microarray 
technology, in which thousands of oligos of different genes are placed in arrays to have an idea of 
up- and down regulation of the genes. Expression profiling of different mRNA being expressed in 
a particular situation may guide us to diagnose the particular situation by comparing the 
differentially expressed genes in case control studies.             

3.5.8 Protein Profiling 

It includes collective study of protein structures including its location, pathology, post 
translational modifications, molecular interactions and protein expression. Proteins play major role 
in a cell as it is a building block of amino acid and its all information is in DNA that is a hereditary 
material without which a person can’t perform normal activities and cannot metabolize normal 
biological energetic. Protein structure can be studied by x-ray diffraction or NMRS.  

Mass spectrometry is a biological technique used for determining molecular mass. 
Chromatographic technique is used for determining the Rf factor and the rate of movement of solute 
particles from stationary phase and in the mobile phase and it depends upon the rate of diffusion. 
Post translational modifications in a protein can be observed using some bioinformatics software 
which includes PROSITE SCAN. This software has an amazing feature that it tells about the 
amidation, myristolation site, oxidase, reductase and many other modifications along with its 
description and consensus pattern. 

Liquid chromatography, Proteomic methods and other alternative approaches can be used 
to determine protein profiling. PSIPRED software can be used to study the secondary protein 
structures including helix, elongated and spiral shaped structures along with its rating. Trans 
membrane structures in proteins can be easily identified through PROT SCALE or TMHMM 
software which use different algorithms to calculate the these structures.  

For determining DNA and proteins interactions in vitro and vivo, we can use array based 
methods which basically detects regulatory sequences in them. Nuclear extracts are screened after 
extraction and then the proteins are identified. Protein prediction is quite complicated and difficult 
but there are certain bioinformatics online tools which can be used to detect proteins taxonomy, 
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location, path physiology, trans-membrane structures, secondary structures, restriction sites, 
proteins expression and other properties. 

Conservation of valued genetic resources is also very much important to deliver something 
better to the next generations. So, the study of genetic conservation of animal genetic resources 
will be helpful in understanding the concepts in a better way. 

3.6 How to Preserve Genetic Resources 

Genetic conservation is the rationale way to value our fauna and flora. The beauty of 
biodiversity is in its conservation to sustain the planet earth at its fullest. Conservation of genetic 
resource accentuates firstly to identify the endangered “unit” which needs urgent attention. Further, 
we should have to be aware of the deterioration of animal and plants habitats which is manmade 
intervention and one of the initial steps to conserve our animal genetic resource from extinction. 

The significance of the breed of any species can be accessed from the following number 
of resources 

 Genetics and genomics studies which gave us an insight of diversity and which motif and 
genomic segments are linked and associated with this particular trait within this 
breed/species. 

 Desired trait association studies particular within that breed/species may be initiated to 
study the genetics and inheritance of that trait. 

 Previously conducted genetic isolation 

 Risk status of that species and history is also important. 

We should also have to concentrate on the possible option of conservation strategy if it is 
applicable, it should execute as soon as possible, otherwise new policies demand more rigorous 
brain storming to initiate, as optimization procedures are time consuming.  

Keys of conservation strategies are vegetations, availability of arable land, organic farming 
approaches, finding target markets, breeding plans, proper medication and vaccination strategies, 
identification, prevention and remedies of potential threat from the man, predators and climatic 
disasters. 

Monitoring of these plans, proper vigilance and involvement of political and local statutory 
bodies are more encouraging in the continuity of this conservation policies. Livestock keeper should 
be aware of all these strategies. They are the most important stakeholder and so they must be 
willing to adopt the state of the art ideas and modern automation. 

Another idea is of in vivo conservation approaches, which may be accomplished through 
the development of farm parks devoted to different endangered species which will be attraction for 
the tourists and proper care will be taken to save those animal species from climatic conditions and 
potential threat, in the same time proper captive breeding plans can also be implemented for their 
well being. Some alternatives are in vitro conservation to save the required population size, during 
epidemics and human driven disaster, military attacks and other emergency situation through 
cryopreservation for all species.       

3.6.1 Genetic Conservation 

AnGR are the animals whose genomic information can be used in agriculture and other 
applied applications. Breed is the term used by FAO which tells us about the group of individuals 
which share their common features within a species, they shared their ancestors but decreased 
genetic variability is one of the dark side of breed development. Among the most potentially 
valuable characteristics of specific livestock breeds is resistance or tolerant to disease. The 
sustainability of key disease control strategies, including the use of drugs and the control of disease 
vectors such as ticks and tsetse flies, is uncertain. Problem arises when chemically treated food 
stuff pollute the environment and population become drug resistant so crossbreeding to introduce 
resistance into breeds that are otherwise well adapted; and selective breeding based on the choice 
of individual animals that are highly disease resistant. Advantages of such strategies include: 
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 The consistency of the effect once it has been established; 

 Reduced expenditure on veterinary products; 

 Prolonged effectiveness of other control methods; and 

 Usage of broad spectrum antibiotics increases the resistance to more than one disease.  

For a number of diseases, studies have shown that particular breeds are less susceptible 
than others. Examples include the West African trypanotolerant N’dama cattle and East African 
Red Maasai sheep, which showed high resistance to gastrointestinal worms. For some diseases 
(including nematodes in sheep), within-breed selection for resistance or tolerance is feasible. 
Molecular marker technologies offer opportunities for further advances, but practical applications 
in disease control have been limited to date. Many reports of breeds that are thought to show 
resistance to particular diseases, but many have not been subject to scientific investigation to 
explore their potential. 

3.6.2 Threats to animal genetic resources 

Traditional livestock rearing and intensive animal population without any record and 
injudicious management system might be alarming for the companion farm animals. The overall 
significance of these threats is difficult to quantify. In the event of disease outbreaks, mortalities 
are inevitable. Nonetheless, it is clear that very large numbers of animals can be lost and it is often 
the culling measures imposed to control the epidemic that resulted as very largest number of 
deaths. For example, approximately 43 million birds were destroyed in Viet Nam at the time of the 
2003/2004 outbreaks of avian influenza – the equivalent of around 17 percent of the country’s 
chicken population. Several rare breed populations in the United Kingdom were affected by the 
culling measures introduced during the 2001 foot-and-mouth disease epidemic. In the case of 
disasters and emergencies, the initial event may kill large numbers of animals, and there is a 
possibility that populations confined to affected areas could be wiped out. However, the outcome 
in terms of the genetic diversity will often be greatly influenced by the nature of post-emergency 
restocking programs. Sometime contingency plans are not solution of these threats for the welfare 
of animals in the long run. So, permanent solution which is more time spending and gives the 
results after a long time but we should adopt these for the animal weal. For example, rigorous 
efforts are needed to disaster control management, epidemics control and prevention of zoonotic 
diseases by adopting proper vaccination schedule, adopting the health standards for food safety, 
biosecurity and bioethics like issues.     

However, it is likely to be optimistic that different measures to reduce the genetic erosion 
will help to utilize the maximum of animal genetic potential conserve the existing resources.   

3.6.3 Implications for animal genetic resources 

Pre-industrial livestock production systems proved as the beneficial for the world livestock 
in general. The rapid spread of production based on highly controlled management conditions, and 
demands for product uniformity, have led to an increasing proportion of the global output of 
livestock products being based on a narrow range of genetic resources. However, despite the 
significance of these developments, the world’s livestock production systems remain very diverse. 
This is particularly true for the small holder and pastoral systems of the developing world. Locally 
adapted livestock remains important to the livelihoods of a large proportion of the world’s poor. It is 
vital that policies affecting the livestock sector consider the needs of these livestock keepers or the 
animal genetic resources on which they depend. Local livestock keepers face more problems to 
rear their animals due to the depletion of natural resources. The sustainable production system 
seems difficult for local and marginal investors as compare to commercialized and bigger scale 
investors. As a new adopted system in the world, it pressurizing the local market because people 
are more conscious about the sources of their utilities specially meat as there are lot of export law 
are being formulated and even implemented in the international export and import markets of the 
world. 
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Answer the following questions 

1. Define Biodiversity 

2. What do you mean by mitochondrial DNA marker? 

3. Explain Quantitative Trait Loci (QTL) mapping?  

4. What is protein profiling? 

5. How to preserve genetic resources? 
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CHAPTER – 4 
 

LATEST TECHNIQUES IN ANIMAL GENETICS 
AND GENOMICS 

 
4.1 Genotyping by Sequencing (GBS)  

For better understanding of complex traits, the application of latest high through put 
genotyping techniques is preferred, however high cost is a limiting factor. Genotyping-by-
sequencing (GBS) is one of the most recent technologies and is comparatively simple [36]. It is 
highly multiplexed technique based on the Illumina® sequencing platform. It was developed initially 
for plants [37], however, it is equally suitable for population studies, characterization, genetic 
improvement and mapping of complex trait mapping in domestic animals [38]. The use of 
methylation sensitive restriction enzymes in GBS helps to avoid repetitive genomic regions and 
simplifies further bioinformatics analysis burden. This efficient and cost-effective technique can be 
adopted to use in buffaloes to identify large numbers of SNPs that may be used as markers for 
breed characterization, genetic selection, genetic mapping, and genome wide association studies 
(GWAS). This will enable us to identify the best buffalo for further breeding based on identified 
SNPs/markers across the entire genome. GBS technique is potentially applicable to other domestic 
animals as well like cattle, yak, camel, sheep and goat. 

4.2 Epigenetics 

Epigenetic has been deeming as an innovative challenge in the post-genomic era of 
livestock species. Epigenomic is the study of non DNA heritable changes affecting the animal’s 
phenotype [39]. Epigenetic revealed that the genes as single are not the authors of inheritance, 
there are other characteristic such as DNA methylation, histone modification and noncoding RNA 
are common epigenetic features often impacted gene regulation and disease development. In 
livestock this emerging field has a significant part in understanding of the molecular basis of 
epigenetic mechanisms in gene expression studies. This is new field in research increasingly 
imperative and impacts several economically significant traits in livestock such as growth, 
development and breeding strategies. These traits reveal a complex inheritance due to both genetic 
as well as environmental factors such as diet, stress, drugs and pollution [40].  

Some of these factors are involved in changing certain methylation patterns and these 
blueprints would contribute to the phenotypic variations among species. Some studies also 
demonstrated that there are some genotypes detected are more susceptible to epigenetic changes 
methylation than others [41]. It will be increasingly significant for animal researchers to detect 
genotypes associated to unreceptive methylation affecting economically productive traits. The 
epigenomic wide association analysis exercised towards detection of negatively affected 
methylation patterns on economically significant traits of interest. This is of huge challenge for 
breeding strategies to detect the correlation between methylation patterns for various traits. 
Buffaloes are economically important species, for the prediction of genetic merit providing privilege 
predictive accuracy, so epigenome wide association analysis is indispensable for the detection 
what methylation patterns negatively affect the traits of interest. 

4.3 MicroRNAs Expression Profiling 

MicroRNAs (miRNA) are small regulatory molecules involved in the regulation of gene 
expression at post-transcriptional level and have prominent role in multiple cellular pathways mainly 
regarding with developmental and metabolic processes e.g. developmental timing, cell 
proliferation, cell differentiation and apoptosis [42]. This is an emerging field for animal scientist to 
tackle their role in biological process that affects the animal biology. Alterations in their expression 
levels were linked with several diseases [43]. The deregulation of miRNA expression in various 
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diseases by a variety of mechanisms including mutation, deletion, amplification and epigenetic 
silencing has been reported [42]. Mutations within miRNA sequences, targeted genes or coding 
genes involved in their biogenesis affects vital production traits and build susceptibility of the 
animals to diseases [44]. This tiny non-coding RNAs are identified which regulate post translational 
modifications and bind to their complementary sequences of targeted messenger RNAs which 
leads to translational repression.  

Recently several studies demonstrated that miRNAs expression is also regulated by 
histone modification and DNA methylation and conversely miRNAs also involved in the regulation 
and expression of significant epigenetic regulators e.g. histone deacetylase, DNA 
methyltransferase and polycomb group genes [45]. This makes a complicated feedback network 
and regulatory circuit between miRNAs and epigenetics in directive of whole gene expression 
profile. With reproductive performance in buffalo, the evaluation of skeletal muscles and adipose 
tissue is of enormous interest, as profit margin in production affects carcass value including meat 
quality grade and yield. Therefore, acknowledgement of mechanisms that regulate cellular 
processes of skeletal muscles and adipose tissue development and growth is of immense interest. 
In progress miRNA research for economically imperative traits in livestock species including buffalo 
is of importance to establish our current standing and what route future research desires to take. 

4.4 Genome Wide Association Studies (GWAS) 

GWAS is an interesting approach, developed in last decade into a prevailing contrivance 
for the investigating the genetic architecture of livestock diseases. It revolutionized the livestock 
genetics and useful in detecting various genes affecting both normal variations among species and 
also susceptibility to diseases, and elucidated our understanding to studying economically 
significant traits. Researchers working on model organisms are being implemented both GWAS 
and other genomic technologies capturing genetic variations [46]. This is a series of steps to screen 
and identify the particular disease associated motif in the genome which may have its role in the 
trait of interest [47]. In the current era single nucleotide polymorphism detection in candidate gene 
is obsolete and it is being recommended to emphasize on the overall structure of the genome which 
may helpful to identify the different segments or haplotypes which will be involve in different traits 
of interest like susceptibility/insusceptibility of disease, morphology and behavior of the individual’s 
genome to particular condition. All these corresponding factors fetch the genetics community to 
reflect on a genome wide scale.  

With progresses in next generation sequencing and advance genotyping technologies in 
combination with other statistical computing approaches revolutionized the genetic selection of 
animals that how their genome is responsive to certain traits. To exploit this genetic information 
e.g. DNA molecular biomarker polymorphisms base selection of animal is significant tool for the 
physical properties and desired phenotypes through the identification on quantitative trait loci. [48, 
49]. Candidate gene approach is the best way to find out how a trait is being regulated through a 
gene with known functions. No doubt single gene may or may not be effective to ascertain the 
mechanism of regulation through the DNA information encrypted in it for a particular trait but a state 
of the art technologies like genome wide scanning approaches normally start from this idea and 
ends with fruitful results [50].  

The most recent digital candidate gene approach (DigiCGA) is an outstanding 
improvement in this field of life sciences, which is in silicon based candidate gene identification 
method [51]. Similarly, GWAS is another popular approach in which we find association of particular 
trait or disease with different markers throughout the genome [49] by using this genome wide 
scanning approach a number of quantitative trait loci can be determine in different livestock species 
that can help us to find out a useful association to link a particular genotype-phenotype relationship. 
The use of high through put genomic technologies for genetic based animal selection and 
understanding the basic principles and mechanisms of genes and their association with decisive 
expression into a particular phenotypes is deduced generally acceptable. 
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4.5 Whole Genome Sequencing (WGS) 

Whole genome analysis in buffalo has advanced extensively in last decade. High through 
put DNA sequencing techniques have acquired revolutionary modifications in the field of both basic 
and applied genetics, providing new and comprehensive genomic analysis with greater genetic 
resolution. The whole genome sequencing (WGS) accelerated the genome scale measurement 
and moving animal science into a new direction. Advances of the technology are representing 
massive efforts in several livestock species to uncovered hundreds of thousands of SNP covering 
the entire genome [52]. Whole genome sequencing has been completed in cattle, dog, chicken and 
horse. It has been identified that in water buffalo more than ~66,935 nucleotide sequences have 
been submitted in the GenBank database (http://www.ncbi.nlm.nih.gov), whole genome shotgun 
sequences ~64,212, mitochondrial genome sequences of ~974 along with 1748 bp of nuclear 
genomic DNA sequences as well [53]. 

Previously two types of sequencing strategies were applied for whole genome sequencing 
BAC and shotgun sequencing employing Sanger method which costly, time consuming and labor 
intensive [54]. Now the new era of demanding low cost sequencing technology led to the 
development of Next Generation sequencing (NGS) technologies unleash a large number of DNA 
genetic variations and presently the hottest topic in the field of animal’s genomic researches. The 
technologies are available from Roche/454 life sciences, Illuminia/Solexa and Applied 
Biosystem/SOLid.  

The high through put Next Generation sequencing (HT-NGS) revolutionized the animal’s 
genomic research and has immense applications in providing a comprehensive knowledge on 
whole genome genotyping [55] providing an inclusive analysis of epigenetic modifications 
furnishing a significant impact on epigenomic research [56], targeting a functional genomics regions 
for massive screening and detection of mutations, deletion/insertion (InDel) [57], RNA sequencing 
and expression profiling to accurately determined the economically important genes expression, 
alleles specific expression of transcripts, differential splicing and providing method for preparing a 
small RNA libraries and measuring microRNA (miRNA) expression abundance [58,59,60]. 

4.6 Microarray Technology 

Microarray is one of the state of the art technologies of the present era in life sciences 
which has many applications from genotyping, hybridization and expression profiling. Similarly, 
some other technologies are also available to which has their significant role to expedite the 
biological research impetuously. In the field of transcriptomics, it is considered the most popular 
and efficient tool for RNA profiling, which is assembled by spotting a piece of each gene on a solid 
carrier. Through this exceptional tool we are able for handling and analysis of hundreds of 
thousands gene expression at one time. This array technology is in vogue and has many 
applications from comparative genomic hybridization, genome wide genotyping to gene expression 
profiling purposes [61]. Screening of thousands of SNPs markers on a single chip run can save 
your time and money which can lead us in the selection of desired traits in farm animals. Similarly 
gene expression profiling through microarray technology is second to none and can lead us to find 
out the expression profiling in different disease and physiological conditions, which may help us to 
find out the pathways involved in the subject condition and in question physiological scenarios.      

4.7 Nutrigenetics and Nutrigenomics 

Different animals perform differently even with the same diet contained in animal feed. This 
is due to the effect of molecular pathways that result in differences in animal resistant to diseases 
and production performance. It is significant to understand these effects; studies of differential 
genes function and expression are being undertaken to discern these effects in domestic animals. 
Novel and high throughput technologies, genomic resources and bioinformatics tools are now 
available for prominent domestic livestock species including buffalo. Nutrigenomics and 
nutrigenetics are the new research tools looking at genetic and epigenetic level to understand the 
effects of food [62].   Protein is a key factor involved in all biological processes in animal body.  

http://www.ncbi.nlm.nih.gov/


95 
 

Proteomics is strappingly concerns with nutrigenomics, providing an insight into these 
mechanisms to understand how the animal genome is expressed as a response to diet [63]. The 
field of nutrigenomics contains manifold disciplines in order to understand the nutrient-gene 
interaction and dietary effects on genome stability, RNA expression (transcriptomics), epigenetic 
alteration (DNA methylation and histone modification), metabolic changes (metabolomics) and 
protein expression (proteomics) [64]. All the today available tools such as genomics, proteomics, 
functional genomics, nutrigenomics, bioinformatics and epigenomics pledged new opportunities to 
investigate the complex interaction between genes and diet of domestic animals. Using these 
approaches in animal’s field provide new insight into genome-nutrition partnership would be 
resulting in improved efficacy of diets, improved sustainability of animals as a protein source and 
improved technique for preventing diseases. 

4.8 Assisted Reproductive Technologies (ART) 

Buffaloes are called black gold of Pakistan. This is highly valuable animal as a milk and 
meat purposes. Reproductive technologies are getting significant importance and being practice to 
conserve the animal genetic resource and to keep propagating the best animal’s gene pool into 
generations. Biotechnology has set in revolutionized changes in this technology to improve the milk 
and meat production in this values species along with preserving the genetic resources since a 
decade back. Assisted Reproductive Technologies includes artificial insemination (AI), embryo 
transfer, in-vitro fertilization, transgenesis, superevolation and cloning which may play their role in 
the improvement of livestock species. AI and embryo transfer are the most reliable techniques 
which are being practiced extensively [65, 66]. 

Transgenenic animals and cloning are one of the fastest biotechnologies, which can save 
time and decrease the generation time but need accuracy and rigorous capacity building measures 
[67]. No doubt every technology has its part but Multiple Ovulation and Embryo Transfer (MOET) 
technology, in-vitro fertilization and other DNA recombinant technologies are rapidly changes the 
scenarios in animal species. The cloning research in buffaloes by somatic cell nuclear transfer are 
still in infancy but some indispensible advancements have been obtained regarding the 
parthenogenesis, in vitro and in vivo development of embryo reconstruction by transferring fetus 
and adults fibroblast cells to buffalo enucleated eggs [68]. These state of the art technologies 
definitely can play their substantial role in the improvement of all animal species and specially 
buffaloes [69, 70].               
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Answer the following questions 

1. Define the term Epigenetics? 

2. What do you mean by Genotyping-by-sequencing (GBS)? 

3. What is the function of MicroRNA (miRNA)? 

4. Define microarray technology 

5. Differentiate between Nutrigenetics and Nutrigenomics 
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CHAPTER – 5 
 

EVOLUTION AT COMPUTATIONAL END 
 

Evolutionary algorithm (EA) is a subcategory of evolution at computational end and 
cumulatively belongs to branch of computer artificial intelligence. It is basically met heuristic 
algorithm which optimizes problems based on a generic population. An EA works on the principal 
of evolution through biological means for example natural selection, rapid mutation, recombination 
and reproduction. A problem is optimized in presence of possible solutions that imparts specific 
role of individuals in a population. In addition to this, qualitative solutions are resulted from strong 
evidences generated by fitness functions. The evolving population can be brought into the 
experiment to measure evolutionary rate in it by applying repetitive application of the above 
mentioned procedures. In short, artificial evolution (AE) elaborates a phenomenon, in which 
individual evolutionary algorithms are involved, and in turn these individual modules take part in an 
artificial evolution.  

Evolutionary algorithms in ideal case don’t assume with respect to fitness landscape that 
is why their performance is very good while they are approximating the all classes of problems 
leading to an optimized solution. Their generalization in this way make them successful in a variety 
of fields such as art, engineering, biological areas, business, genetic studies, research operations, 
physics, chemistry, politics and robotic bodies. Evolutionary algorithmic methods implication in 
biological evolution modeling is generally restricted to explanation of micro-evolutionary events with 
cellular processes are modeled based on planning models. The computational simulations Avida 
and Tierra are invented for modeling the dynamics of macro-evolutionary events. While working of 
EAs in a realistic way, the complexity at computational end is a prohibiting factor. Actually that 
complexity in EAs arises in response to the evaluation of its respective fitness function. To solve 
this problem, we need to approximate that fitness. In fact, this computational complexity is due to 
fitness function evaluation.  

Conversely, EA performs well in complex problems when their complexity is low. Therefore, 
we can say that there is a nothing relation between complexities of algorithm and problem. Many 
algorithms are possibly restricted due to their inability to discriminate between genotype and 
phenotype. In a normal case, the fertilized egg attains a mature physiology developed after going 
through a complicated biological process named as embryogenesis. This indirect encoding tells us 
the status of genetics towards larger robustness i.e. probability of lethal polymorphisms might be 
reduced), with this the evolutionary history of organism may be optimized [1, 2]. That kind of indirect 
encodings provides more chances to evolution so that it would also be able to elucidate regularities 
in an existing environment [3]. These concerns are now being addressed in the recent studies in 
the areas of embryology or developmental systematic at an artificial basis. The programming 
strategies in gene expression are successfully providing solutions with respect to genotype-
phenotype systems. Among these, genotype constitutes fixed length chromosomes on which the 
genetic contents are linearly organized while phenotype includes the resultants of either computer 
programs or multiple expression trees and these are different shapes and sizes with respect to 
physiology [4]. 

During the previous decade, out of the searching and optimization mechanisms 
evolutionary algorithm development is a kind of area of very much important. Many applications 
are implemented successfully based on set of latest met heuristic are EAs with large complexity. 
Evolutionary computation has been the driving force for successfully solving the complex problems 
in the current era. EC technology is beneficial due to their robust nature plus they are 
characteristically flexible with very good fitness function according to the objective target. Currently 
EC is known for its adaptation to solve problems specifically when we need to optimize the solution. 
That version of these methods can be considered as an alternative to old saying that EC is set of 
same algorithms that can be applied to solve any problem. 
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Currently largely EA is implemented on the following fundamental classes. They are highly 
related but their development is independent: 

 Genetic Algorithms (GA) 

 Evolutionary Programming (EP) and 

 Evolutionary Strategies (ES).  

Genetic programming and classifier systems are the two groups of EA that can be applied 
to a variety of real world problems while latter is very important implementation for machine learning 
and also related to principle discoveries originated from rules based systems. 

5.1 Sequential Genetic Algorithms 

The sequential genetic algorithm is operated with the help of either pool of strings or, more 
generally, they prepare tentative results by using the compositions of arbitrary complexity. Every 
string in the textbook versions of GAs is normally an individual constituting in the form of 
chromosomes that may be single and greater than one. Additionally they also contain fitness value. 
An individual represents to only one chromosome containing a number of genes on it and these 
genes are assembled to form a parametric set to form a chromosome. Binary format is employed 
in turn to represent gene expression by using an available set of alleles such as (0,1). 

5.1.1 Parallel Genetic Algorithms (PGA) 

As discussed above, serial GAs contains PGAs that are not just the parallel versions of 
them. PGAs are advantageous to be used same as a sequential GA that successfully able to build 
solutions using any problem parameter representation. Moreover, their robustness, easy 
customization for novel questions, and ability to generate multiple solutions make them very useful. 
Their study and implementation should be taken into account by keeping in mind their above 
characteristics. Furthermore, a PGA is usually employed to find optimal solutions while its 
infrastructure is built in such a way that chance of sub-optimal solutions is very low. Their working 
speed is faster and they are also able to successfully cooperate with many search strategies in 
parallel. PGAs are beneficial to be used due to the following outlines: 

5.1.2 Advantages of using PGA 

 Proceed on a coded problem (least restriction) 

 Basis relies to be problem independent (robustness) 

 Can build several solutions for a problem as an alternative 

 Parallel browsing in space by taking into account multiple points 

 Easy parallelization in the form of neighborhoods or islands 

 Better searching, still if parallel hardware is not utilized 

 Greater efficacy and efficiency than serial GAs 

 Cooperate easily with other searching techniques 

PGAs are stemmed from supervised random EAs. Four distinct kinds of parallelization can 
be achieved if a critical look is taken on them. Out of these four types, 1st two work same as a 
sequential genetic algorithm, but proceed in a greater speed. This is accomplished by either 
profiting from a compiler composition that is code parallelize or explicit parallelization of genetic 
operators and evaluations cumulatively or one of these. On the other hand, in an explicit case in 
which evaluation of time consuming functions associated problems they facilitate us with feasible 
choice. Otherwise the advantages of their parallel execution are low as compared to 
communication overhead. 

For the rest of PGAs, a lot of different models have been launched (type 3rd and 4th). 
Conversely, the available models presently can be grouped into two or greater clusters based on 
their parallelism. These are named as fine or coarse grained parallel genetic algorithms (fgpGAs 
or cgpGAs respectively). That grouping mechanism depends on a ratio compiled from computation 
over communication. The PGA becomes as coarse grain GA if that ratio is larger, and in case of 
low ratio, it is called as fine grain parallel GA.  
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PGA as a stochastic procedure can be distinguished by the three most important footsteps, 
such as early sampling, then optimization and the stop criterion evaluation. Consequently, it starts 
(t=0) with the building a population (chromosome) containing them’ number of parameters (genes) 
P (t =0), each using some alphabets encode for ‘p’ problem variables. 

Every population structure is commonly considered as a vector over IB= {0, 1} (I=IB p·xl)or 
IR (I=IR p). Consequently, all variables associated to a problem are encoded either in a floating 
point number or in bit format as lx. Still, as mentioned earlier, other representations are also 
achievable such as non string. 

5.1.3 xxGA Description 

The xxGA model is a kind of genetic algorithm whose procedural mechanism might be 
characterized as parallel searching model. In this model ‘xx’ is written to elaborate that unique 
population models can be generated for instance ssGA and genGA; The genetic algorithms xxGA 
model can be characterized as a parallel searching model, where “xx” indicates that we are able to 
generate unique population models including ssGA and genGA, cellular models (cGA) and previous 
models in which distributed versions are preferred. The only thing is to manage the set of parametric 
set for basic evolution mechanism, the policy of migration and already existing searching 
computational techniques. Here we present some of the mechanisms employed to get evolutionary 
matrix containing distance values between respective DNA sequences. 

5.1.4 BH87 for Genetic Distance Analyses 

The distance between homologous DNA sequences of two species is proposed to be -1/4 
ln [det(P)], where P is the conditional probability matrix specifying the proportions of the various 
nucleotides in the second sequence, corresponding to each of the four nucleotides in the first 
sequence. A probability model is described which supports this choice of distance. Distance 
measures based on a constant evolutionary rate assumption are described and compared with the 
proposed measure. Sampling properties of both types of distance are examined and we conclude 
by applying the distance measures to mitochondrial DNA sequences of the hominids [5]. 

5.1.5 LOGDET 

The paralinear and LogDet distances are statistically characterized to conduct studies for 
frequencies of dynamic nucleotides. This technique work in basically three steps such as first, 
development of protocol to tackle biasness in the estimation of LogDet and paralinear distances, 
i.e., current biasness can be estimated by using dc = d - 2var(d), whereas d and var(d) are 
estimations of respectively distance and sampling variance. The required computer simulation 
program is available to evaluate the formula and variances of sampling estimates. In the next 
process, the methods are developed to estimate the matrix of variance-covariance resulted from 
paralinear distance. These matrices are additionally processed to conduct statistical tests on 
phylogenies in the non-stationary case. In the end, a new method built for non-stationary case 
nucleotide frequencies on the basis of LogDet is applied for hypothesis testing related to the 
molecular clock [6]. 

5.1.6 K80 Model 

Nucleotide sequences can be compared to highlight variation patterns among these 
sequences. These variations can be categorized into two kinds such as transition and transversion. 
Transition sites are resulted due to difference of nucleotide at a particular site arising from the 
substitution of a nucleotide belonging to purine with purine and pyrimidines with pyrimidines. If 
purines are replaced with pyrimidines and pyrimidines with purines then these site are called as 
transversion. Let say A and B are the two sites of a genetic region having transition and transversion 
type differences present between two compared sequences. The evolutionary distance resulted as 
per site can be regarded as K = -(1/2) ln [(1-2P-Q) square root of 1-2Q]. In the same way, yearling 
evolutionary rate is then provided as k = K/(2T). In the formula, ‘T’ is the time taken by two 
sequences to diverge. Moreover, talking about the 3rd codon position when compared then 
synonymous substitutions per position is given as K'S = -(1/2) ln (1-2P-Q) along with standard error 
estimation are entertained for these formula. Using sequences of already globins it can be revealed 
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that synonymous substitutions rates larger when comparatively analyzed with amino acid changing 
substitutions during an evolutionary event [7]. 

5.1.7 K81 Model 

Out of base substitution models, ‘three substitution type’ and ‘two frequency class’ models 
are useful to estimate simply the evolutionary distances between comparatively analyzing DNA 
sequences. They usually employ their tactics to estimate substitution rates with respect to 1st, 2nd 
and 3rd codon positions in presomatotrophins, α-globin and β-globin, and preproinsulins genes. 
Similarly, in these methods after the estimation of synonymous variations at the 3rd codon position, 
the standard errors are also computed. According to this procedure the synonymous mutation rate 
is very large with equal proportion shared between two compared sequences plus non-synonymous 
mutation rate also pointed out to be very different speculating that its operational results are very 
consistent with hypothesis related to neutral mutation-random drift of molecular evolution [8]. 

5.1.8 F81 Model 

This computational model has been implemented using the maximum likelihood while 
computing evolutionary tree on the basis of DNA sequences. This method is feasible as compared 
to traditional parsimony model which misleads in cases where the rates of evolution are variable in 
different lineages. It provides opportunities to test hypotheses to resolve consistency related issues 
present in evolutionary rates and these tests include likelihood ratio tests. These tests roughly 
indicate errors to provide estimates of the tree [9]. 

5.1.9 T92 Model 

It is an extension of K80 model. A simple mathematical method is developed to estimate 
the number of nucleotide substitutions per site between two DNA sequences, by extending 
Kimura's (1980) two-parameter method to the case where G+C-content bias exists. This method 
will be useful when there are strong transition-transversion and G+C-content biases, as in the case 
of Drosophila mitochondrial DNA [10]. 

5.1.10 TN93 Model 

Examining the pattern of nucleotide substitution for the control region of mitochondrial DNA 
(mtDNA) in humans and chimpanzees, a new mathematical method has been developed for 
estimating the number of transitional and transversional substitutions per site, as well as the total 
number of nucleotide substitutions. In this method, excess transitions, unequal nucleotide 
frequencies, and variation of substitution rate among different sites are all taken into account. 
Application of this method to human and chimpanzee data suggested that the 
transition/transversion ratio for the entire control region was approximately 15 and nearly the same 
for the two species. The 95% confidence interval of the age of the common ancestral mtDNA was 
estimated to be 80,000-480,000 years in humans and 0.57-2.72 Myr in common chimpanzees [11]. 

5.1.11 GG95 Model 

A proposal of a new method for computing evolutionary distances between DNA 
sequences and in contrary to classical methods is GG95 model. That model doesn’t take into 
account of the equilibrium state of the DNA sequence composition. So we can say that the 
compared sequences are treated as having unequal base compositions. That exclusive parameters 
makes this model specialized to be useful in generating solution in the form of phylogenetic trees 
from heterogeneous base composition of a biological dataset, as can be observed in case of 
simulated and empirical profiles. Its application towards small subunit rRNA sequences of 
eukaryotic or prokaryotic origin predicts early divergence of the microsporidian Vairimorpha 
necatrix in the eukaryotic lineage [12]. 

5.1.12 Paralin Model 

Advancing in the treatment of DNA sequences for phylogenetic tree reconstruction with a 
significant effect of unequal rate effects led to the development of paralin model. When basic 
assumptions are not fulfilled for these effects, algorithms behave sensitively. The current algorithm 
named paralinear distance is reliable for a large variety of substitutional processes as compared to 
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than previous algorithms and they are not as such influenced by unequal rate of substitutional 
effects. Any evolutionary process that can be modeled as a succession of Markov based on 
whether a DNA or protein sequences. These procedures have been evaluated by analytical way 
as well as by computer simulations. Paralinear distance methods can be misleading as all other 
algorithms if sequences are not aligned properly plus in the case of extensive site-to-site variation 
rates. To analyze the effectiveness of paralinear distances, the "origin of the eukaryotes" has been 
renowned by analyzing the sequences of elongation factor Tu with the help of a large number of 
alignment methods. It is interesting to find that the order of the sequences to be aligned is important 
in determining the topology reconstructed by paralinear distances. The eocyte topology is resulted 
normally by paralinear distances when the alignment parts not affected by order are analyzed. So, 
it is evident that the eocyte prokaryotic organisms are probably the closest relatives of the 
eukaryotes, being prokaryotes [13]. 

5.1.13 F84 Model 

Hidden Markov Models based procedure developed to cope with asymmetrical patterns of 
evolutionary rates present in nucleotide sequences at different sites. Using a finite set of 
parameters along with a set of putative rates, evolutionary rates can be drawn for molecular 
sequences. The overall phylogenetic likelihood can be achieved by getting the sum of individual 
rates assigned to their respective sites, times the prior probability of rates combination particularly. 
The task related to probability specification for different rate combinations is handled with a 
stationary Markov chain which provides different categories of rate to molecular sites. Out of the 
large number of methods that would be available to assign rates to the genetic regions, a simple 
recursive algorithm allow the contributions towards the likelihood from every achievable rate 
combinations to be added, in a timely manner proportional to the different rate numbers with respect 
to a particular site. Therefore, with three present rates, the end result would be no greater than 
three times that for a sole rate [14]. 

According to the "Hidden Markov Model “different rates between molecular regions can be 
allowed to differentiate sites as well as to correlate rates of sites in close proximity. It is not a 
necessary knowledge of rated at a single site, if all possibilities are summed up. Conversely, the 
correlation between rates is not allowed if two sites are located apart while additionally it also does 
not allow continuous distribution of rates for non-flanking sites. There is a method known as 
Newton-Raphson that can be used to estimate the length of branch associated to a phylogeny and 
from a phylogenetic structure the rates assigned to sites with the largest posterior probability may 
be inferred. The current method facilitates the optimistic use of the above characteristic model. As 
an example we can infer the higher and lower molecular evolutionary rates bearing genetic regions 
by using β-hemoglobin gene sequences in eight mammalian species along with the average patch 
length of sides assigned with similar rates. 

5.2 Significance of Evolution 

5.2.1 Early Diagnosis of Diseases Using Evolution (Distant metastasis) 

The evolution of bacterial resistance towards antibiotics is considered to be an analog of 
developing the cancer resistance against the chemotherapeutic strategies. In both scenarios, 
powerful selections originated by bulky doses if applied for longer periods may be involved to 
rapidly develop the resistance in bacteria. Many resistant genetic regions have been evolved long 
ago and may be resulted due to horizontal transformation, now unfortunately they are developed 
as a full and readily available for use into pathogenic strains. A large population of cancer cells 
characteristically stem cells are in the latent state along with other properties developed for other 
purposes are now available in fully developed form and ready to be merged in case when mutation 
involvement is ensured to control gene expression shift. So in this complicated scenario, there 
should be the balance between the implementation of the information from microbiology as well as 
from oncology in order to manage the resistance evolution related issue. Now efforts have been 
started to overcome this problem. One early solution to this problem may be worth noticing that 
aggressive chemotherapy has an impact on the patient health in a way that it effectively selects the 
resistant cancer clones along with shortening the lifespan of patient [15, 16, 17]. Thus, it is 
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recommended to apply a level of chemotherapy to the patient that is no absolutely required to stop 
the growth chances. 

The discovery of a pancreatic cancer which was originated 15–18 years before metastases 
was identified in the same patient [18]. That kind of discovery raised the chances of early detection 
and eventually more effective treatment against cancer might be ensured. These issues may well 
addressed by evolutionary phylogeneticists who develop many formulas on a regular basis to infer 
its ancestral state. The cancer related molecular events, such as genomic and proteomic changes 
linked with major step associated with the evolution of metastasis, could be explored if visual 
pigment of dinosaurs characteristically inferred, reconstructed and studied, and early stage cancer 
detection might be ensured after comprehensive knowledge about it is if exploited. 

5.2.2 Evidence Based Medicines (EBM) 

This class of medicines is based on systematically reviewing, evaluating and after clinical 
research findings aid to deliver an optimistic level of care to the patient. These are originated 
philosophically from mid 19th century in Paris.  Earlier their diligent use of its best available evidence 
was taken into account to make decisions about the take care of patients. The practical 
implementation of EBM means integrating individual clinical expertise with the best available clinical 
evidence resulted from systematic research. By individual clinical expertise we mean the 
proficiency and judgment that we individual clinicians acquire through clinical experience and 
clinical practice. Many ways reflect the level of expertise, specifically represented in generating 
information while diagnosis in an effective and efficient manner. The more relevant research 
clinically is better towards the addition of clinical evidence that is available externally; often their 
sources are basic medicinal sciences. But, particularly appreciated sources are of clinical research 
works centered towards patient by keeping in mind accuracy and precision in tests related to 
diagnostics (clinical observations), the effectiveness of analytical markers, and safety level along 
with the efficacy of therapeutic, rehabilitative, and preventive measures. The previously adopted 
methods for diagnostic tests and cure are invalidated by external clinical evidence and are replaced 
by more advanced procedures which are far greater powerful, safer, more up to the mark, and 
efficacious. Both invalidates previously accepted diagnostic tests and treatment and replaces them 
with new ones that are more powerful, more accurate, more efficacious, and safer. Normally expert 
physicians look for both individual expertises along with external clinical evidence with the intention 
is that none of them is sufficient on their own. In the absence of clinical expertise, risks about 
practice are repressed by evidence from outside. If one tries to apply only excellent external 
evidence then it may not be appropriate for or applicable to an individual patient. In short, if there 
is a lack of best external evidence then practices risks increasingly becoming to be outdated that 
is ultimately may cause health related problems to the patients [20]. A lifelong process is required 
to practice for evidence-based medicine which would involve the course of self-directed learning. 
During this practice, caring of patients creates opportunities for important information related to 
identification, therapy, prognosis and many other clinical issues associated with health. That 
information is required on a number of occasions to answer the asked questions about the efficacy, 
performance evaluation and a lot others [21]. 

5.2.3 Development of New CNE Regions 

Developmental biology is an added aspect of evolutionary events informally also known as 
evo-devo. Basically, it establishes the phylogenetic relationships among developmental processes 
of biological origin and exploits the parameters which encourage their evolution. It mainly studies 
the embryonic development with respect to its origin and evolution. For example a researcher may 
be interested in finding the developmental modifications and processes that provide a road map to 
novel features progression, such as the development of feathers [22]. The role of developmental 
homology and homoplasy is inevitable [23]. Although interest in the relationship between ontogeny 
and phylogeny extends back to the nineteenth century, the contemporary field of evo-devo has 
gained impetus from the discovery of genes regulating embryonic development in model 
organisms. General hypotheses remain hard to test because organisms differ so much in shape 
and form [24]. 
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However, molecular evolution economically creates novel genes from the old worn 
components of genes, evo-devo concerns about alterations in the development processes during 
evolution to evolve new structures using networks from genetic constituents for example deviating 
structures of jaw bone towards the central portion of ear such as ossicles or it supervises 
conservation which may be found in the form of eye developmental genes in insects, mollusks and 
vertebrates. [25, 26] Primarily, its concentration has been towards the area of homology in 
molecular systems involved in the organ and body plan regulatory development. These molecular 
systems may be repetitive in developed species as compared to simpler organism where genetic 
material might be roughly 4 times (polyploidy) the total genetic makeup of lower species. But, these 
approaches were mainly used to associate the developmental variations with speciation [27]. 

Currently, advanced studies related to the accumulated genetic mapping and genetic 
information from a variety of salmonid species lead us to be in favor of whole genome duplication 
in many rounds (4R) which facilitated their evolution. But, after polyploidy event unbalanced 
pseudogenization events created biasness in finding the paralogy relationships between theses 
originated chromosomal segments that were resulted from 2R/3R. Inter-specie specific conserved 
noncoding elements (CNE) may be helpful in the identification of these sites; if their association is 
among those genes found in arrays then these genes make highly conserved synthetic blocks with 
the passage of time.  

Through a genome wide analysis, Zebra fish contains chromosomes that appear to be 
having signatures of the 1R, 2R or 3R duplications. Similarly, a subset of these CNE markers also 
analyzed to identify homologous bigger chromosomal segments in Atlantic salmon and Arctic charr 
genomes. So, the above discussion showed that CNE signatures have the demonstrated ability 
when compared to coding regions in order to explore affinities of ancient paralogous in the 
vertebrates. In comparative genomic studies these elements are particularly eye-catching due to 
their excellent abilities mentioned above. In addition to this, they play a key role in the investigation 
of association possibly between distally residing genes and part of homologous chromosomal 
segments of distant or close species [28]. 

It has been elaborated that there are endless forms of evolution and greater rate is linked 
to evolution of regulatory systems associated with ancient genes as compared to new genes. 
Evolution with respect to developmental systems resulting into a structure available to screen out 
from natural selection is currently the focus of evo-devo [29]. 

Genes are mainly the building block to shape up the organism’s bodies by encoding the 
related instructions. Evolutionary biologists once believed to find the genetic differences 
significantly associated with their great genetic diversity. Yet, several animals have a similar set of 
genes although having their dissimilar origin. Mutations in DNA control regions managing the body-
shaping genes has been a major source of variations among evolving animals as compared to 
evolutionary changes in the genes directly. We have to think away from genes if we want to 
elucidate the mysteries which make us different not only from other species including members of 
our own species too [30]. Recent studies on this forum regarding model organisms echo far into 
the past; a comprehensive overview may be an added perspective to the current scenario. The 
past history of evolution was based on approaches employed on vertebrate embryos in order to 
differentiate species. Early 19th century embryologists tried to exploit the range of stages involved 
in embryogenesis of vertebrate species. In the late 19th century, Darwinists found unusual 
ontogenies. Then 1900 researchers favored intervening in living embryos and following these 
reproductive scientists handled farm animals and human beings. After World War II many species 
were engineered for lab purposes by developmental biologists. Models pre-dominantly resulted are 
presently challenged by supporters of evo-devo. The fate of species is decided depending on 
biological characteristics, research questions and supply availability but not at least relied on 
methods. Due to embryological transformations the chosen species have shaped the science [31]. 

5.3 Modes of Gene Co-Option  

As seen above, many fold of genome duplication event led to the duplication of several 
genes. So, the duplicated genes through modifications in the protein coding DNA sequences can 
acquire innovative function additionally consequence of alternative splicing, variations in 
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spatiotemporal expression of regulatory gene, or both. In exclusive case if a gene function needs 
to be conserved then gene’s evolution mostly suffers a strong constraint. In spite of this, genes are 
readily to evolve new functions in three ways by maintaining their original functions even there is 
selection pressure over them (Figure 1): (a) Coding sequences not important to current function 
are prone to substitutions. As a result, evolution of novel or substitutional protein domains may be 
the outcome (Figure 1A); (b) secondly, nucleotide substitutions may take place in the controlling 
regions that start expressing a gene in a new tissue or during a novel stage of development. (Figure 
1B); and (c) the descended paralogs after gene duplication events may be diverged and these 
paralogs might be either amino acid sequences or regulatory sequences or both (Figure 1C, D). 
The 3rd mechanism is considered to compulsory that led to the most of the novel gene functions 
evolution [32]. On the other hand, there are significant evidences which explain that co-option 
provide opportunities to new functions evolution not only to the duplicated genes but also others 
and the way in which the duplicated genes adopt the novel functions is variable with respect to 
various evolutionary trajectories. A 4th mechanism constitutes novel genes cobbling after merging 
of genomic sub-regions. This incident, of which there is a leading chunk of evidences could be due 
to active role of exon shuffling [33, 34, 35] or opportunistic switching to non-coding from coding of 
DNA fragments [36, 37]. In the current review, the concentration would be on co-option constituting 
existing genes as that is the key procedure to be considered by which eukaryotic organisms 
attained diversity at development level.  

However changes  mostly occurred in the protein coding regions if genes are co-opted for 
novel functions (A) and/or expression in new domains in a spatiotemporal manner due to 
substitutions in control (enhancer) regions (B). Instead, daughter duplicates may diverge as a 
consequence of controlled cis-regulatory elements deviation in case when gene duplication occurs 
first. (C), and/or the manifestation of new control elements or establishment of new functional 
modules of protein (C, D) as shown in figure 5.1. 

Mostly co-option examples reported in literature may fall in two major document cases. 
First, in particular organs proteins have been highly organized, stunningly, for a role exactly 
irrelevant to their original function of the ancestral protein. Whereas, in gene sharing examples, the 
protein function is conserved with respect to its ancestral protein [38, 39] While in other cases, the 
function may be lost if the new function is conserved. In the 2nd co-option category, the pathways 
related to cell signaling and transcriptional regulation types of gene functions remain conserved, 
however genes have re-established themselves during evolution in novel developmental stages 
and tissues. There are the biological forms and body plans in nature that have undergone such sort 
of variations in a developmental set of transcription factors and their corresponding proteins 
involved in signaling [40]. Additionally, there are direct investigations of the former co-option mode, 
mainly comparative embryology and developmental genetics tool kit analyses are the source of 
developmental pathway co-option evidences that have flourished in recent times. 
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Figure 5.1: Approaches of gene co-option. There are two processes non-duplicative and 
duplicative. A gene can adopt one of either process to achieve novel function (A,B) or (C,D) 
respectively (www.google.com). 

The current interdisciplinary and collaboratory efforts in the areas of evolutionary 
developmental biology and their underlying genome analyses can highlight the opportunistic played 
out gene function and regulatory evolution. The evolutionary and functional mechanisms under the 
shelter of co-option may helpful for better understanding the phenotypic effects related studies of 
what sort of corresponding developmental changes in normal populations are required. These 
developmental changes include both regulatory control regions and protein coding sequences. If 
we merge the approaches from areas of quantitative and molecular genetics along with transgenic 
techniques then we can establish the relationship between genotype and phenotype. The central 
implication of specialized members of multigene families has been extensively entertained to co-
adaptive evolution.  

In this way, genomic variations on a broad range of scale may be indicated with the help 
of comparative genomics to comprehend novelties during evolution. This cross species information 
can be merged to indicate the tendency for genetic and genomic studies related to existing 
organisms and it will facilitate us in providing the genomic and selective events related clues and 
these evolutionary circumstances might be surrounded by the phenomenon of ancestral co-option. 
Starting from the above we presented the major categories of gene co-option at the structure level 
and then propositions were explained related to co-option of developmental pathway, spotlighting 
the possible functional and evolutionary events that are responsible for their origins. Then we gave 
a short communication about the underlying changes that may stimulate co-optive evolution. In the 
end, we discussed the current scenario of co-option in evolutionary developmental biology and 
provided the direction for research works required to be conducted in future. 
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5.3.1 Molecular Marker Analyses for Species Identification 

The latest advancements in computational molecular biology have eased the identification 
of livestock species as well as assisted us in improving our livestock by using variations in genomics 
along with major genes. Here, we are reviewing the information concerning to the basics of 
statistical techniques along with their applications to improve animal genetics. Main molecular 
marker systems in animals includes Restriction Fragment Length Polymorphism ( RFLP) and 
microsatellites, maps of genome, gene linkage marker detecting methods and selection assisted 
with help of marker, genomic region based fingerprinting and analyses of mixture models 
dependent on the segregation analysis. The characteristic application of these marker assisted 
selection may be having a greater impact either on those genetic regions which express late in the 
lifespan of animals, or on those genomic segments controlled by few genes.  

The 1st example (Restriction Fragment length Polymorphism (RFLP) and microsatellites) 
communicates to the prolonged features in meat species, the 2nd paradigm is related to the 
individual resistance towards certain infections or inheritance defects. Genotypic marker 
identification in a population can be directed by co-ordinated studies of segregation analyses with 
mixture models. These identified marker genes can then be characterized of detecting within an 
acceptable probability range as a major molecular marker gene. The current drift indicates that in 
the future using the segregation analysis related mixture models we would be able to integrate 
information from molecular, pedigree and phenotypic so that a major gene containing significant 
influence (polygenic inheritance) through markers may be estimated and powerful and flexible 
estimation methods like Gibbs Sampling may be used. 

There are reported studies in which researcher have used sequence analysis of the 
mitochondrial 16S rRNA gene to differentiate between species of meat type of variable origin 
whether it is from Bos taurus, Bubalus bubalis, Ovis aries, Capra hircus or other Susscrofa species 
in fresh and processed meat products. They start from basic molecular techniques as DNA 
extraction followed by PCR amplification of the desired marker (mitochondrial 16S rRNA) region 
approximately 497 bp in length. The obtained sequences of the origin of fresh and processed meat 
are analyzed using available bioinformatics tools to discriminate species. During the whole 
procedure no effect was observed on any type of meat and we can be able to differentiate closely 
species using this simple technique. As an example, scientists are using sequence analyses to 
make a distinction between cattle and buffalo, sheep and goat. Numerous examples are reported 
in the literature in which people are applying sequence analyses as an authenticated tool for the 
identification of meat species [41]. 

Additionally, scientists are working on producing results if there is any effect of cooking 
temperature on our method to identify meat specie. In the current observation they employed 
additives along with the cooking temperature range for instance 72, 90, 120 and 180 °C. They find 
no influence on the PCR amplification efficiency in this respect. The experiment was designed to 
include every suitable member of meat species those fresh meat and concerned products are 
available in the market for consumption. Sample species sequenced include Bos indicus, Bubalus 
bubalis, Ovis aries, Capra hircus and Bos frontalis. Sequences were compared with the reported 
sequences of Bubalus depressi cornis, Bos grunniens and Susscrofa. Consequently, there is no 
significant effect reported on PCR amplification due to cooking temperature as well as different 
additives that are used routinely. Similarly, species like cattle and buffalo, sheep and goat 
considered to be closely related to each other can also be distinguished with the help of sequence 
analyze. Sequencing and analysis of mt 12S rRNA gene sequencing along analyze of its respective 
genetic region is an ideal to reveal unambiguous and authenticated method on a qualitative basis 
for determination of meat species [42]. 

Some evidences started emerging on camel breeds with respect to ribosomal studies 
leading then to sequence analyses for genetic characterizations. For this purpose, LIBSHUFF 
elaborated community composition across various genomic libraries on the basis of significant 
genetic differences present among them.[43] Molecular markers are comprehensive elaborators 
currently in use to elucidate genetic diversity later on to establish to kinships between breeds and 
process of domestication. Although AFLP, mtDNA or Y-chromosomal markers are excellent tools 
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to diversify the species on genetic basis but apart from these microsatellites markers are at the top 
in this category. Despite this molecular markers improve the selection process for those traits which 
are difficult to record in farm animals and are costly. Hence, these markers are helpful in making 
improvements in productivity. 

Single nucleotide polymorphism (SNP) is the variation of a single nucleotide base in the 
genetic region of an individual in a population. There are some site specific single nucleotide 
variations which are helpful as an important source in the interpretation of its associated trait. The 
prospective availability of a large number of single nucleotide polymorphism (SNP) markers and 
high throughput technology for these markers will lead to a shift to SNP markers in the near future. 
There is an existing potential in molecular information that need to be used for proper elevation in 
the rates of genetic improvement in livestock. The assurance of this potential needs an 
infrastructural investment as the knowledge genetically important species/breeds are limited. 
Additionally, the breeding organizations and farmers should be provided optimal returns carefully.  

5.3.2 Origin of 2R Hypothesis 

A pleopolyploidy event which is the basis of current vertebrate genome evolution is 2R 
hypothesis or Ohno's hypothesis first suggested by Susumu Ohno in 1970. It is a hypothesis in 
genomics and molecular evolution proposed that early vertebrate genome preceded to two rounds 
of duplication thus modern vertebrate genome evolved. The name 2R is derived from the two 
rounds of genome duplication by Ohno, later on improved in 1994, and finally the term 2R 
hypothesis refined in 1999. Although there are conflicts in the genome duplications timings and 
number, still these are considered as instances of 2R. In spite of controversies that are actually the 
subject of many researchers there are evidences in that favor of this hypothesis that shifts the 
balance of opinion with this hypothesis. They got much of the support from rapidly growing genomic 
data along with the completion of the human genome project especially.  

The secretin-like G protein-coupled receptor (GPCR) family in humans consists of 15 
affiliates with 18 analogous ligand genes. Even though transcript variants have been detected in a 
great number of vertebrate and other than vertebrate species, however their origin and relationship 
of these proteins was addressed by employing comparative genome analyses to spot out genomic 
segments with significant synthetic conservation present in them along with these fragments were 
matched to linkage groups for gnathostome ancestral chromosomes (GAC) reconstruction. The 
origin of the most of receptors and their legend proteins can be clustered into three GAC linkage 
classes. For example five subfamilies including glucagon-like, corticotropin-releasing hormone-like, 
parathyroid hormone-like, calcitonin-like, and growth hormone-releasing hormone-like along with 
their corresponding receptors are known to be appeared through lineage dependent duplications 
before whole genome duplication event. Although these instances are not exactly according to the 
outcome expected at this level yet there are some other natural factors that influence on gene 
number. Along with 2R whole genome segment is prone to gene loss and lineage specific gene 
duplication events in a population. The subfamily genes mentioned above are originated by 
following this mechanism in which there are first consequence of 2R whole-genome duplication 
followed by additional gene duplication and gene loss since the divergence of land vertebrates and 
teleosts. This comes up with the concept of evolutionary mechanisms for expansion that how there 
are so many paralogs of this gene family of receptor and legend in modern vertebrates [43]. 

Prior to whole genome duplication, local gene duplication and gene loss in a population, 
transposable elements (TEs) are kind of key component which constitute the eukaryote genome 
may be up to 50%. They can be replicated and jumped to novel genomic sites. TEs put in their 
activities at a molecular level to shape up evolution by constructing innovative genes, exons or 
varying gene expression pattern as a result of transposition, and they serve as a hotspot for 
illegitimate recombination. The Amphioxus TEs represent to more than 30 superfamilies, thus 
reflecting high rate of genetic diversity as compared to vertebrates. TE families in Amphioxus are 
extremely heterogeneous as in general their members are not exceptionally as congested as in 
others, also any of a TE member does not seem to have undergone any immense expansion. Such 
characteristic molecular diversity and heterogeneity mediate major evolutionary events under the 
influence of TEs as of the amphioxus genome, and consequently evidences in favor of evolutionary 
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stasis. There are reported studies in which comparative analyses of TE diversity and content 
between genomes of amphioxus and vertebrates allowing us to discuss either there is a burst of 
TEs occurred after 2R event that happened during the evolution of early vertebrate genome [45]. 

Though whole genome duplication (WGD) is an exclusive case of duplication that is 
unusually observed in animals, through polyploidisation all genes are duplicated concurrently. A bit 
precisely, it is 2R-WGD appears to be happened at the vertebrate base. During 2R the parent 
genome was significantly given rise to a massive wave of novelty at genome level, but the main 
concern is that still the consequences of this event is not systematically analyzed. 

Similarly, 2R-WGD affected in another study where it changed the status of 74% of 
signaling genes, particularly catalyzing the developmental pathways constituting Wnt and 
transforming growth factor-β ligands, receptor tyrosine kinases, the apoptosis pathway, and G 
protein-coupled receptors. Apart from tandem duplicate genes retained during 2R were enriched 
in modules of protein interaction and Ras associated multifunctional signaling domains and 
mitogen-activated cascades of protein kinase. In another case cell cycle machinery along with 
precisely developed building block of neuronal synapse that led to the formation of vertebrate brain 
have an impact them largely due to 2R-WGD. Investigations in context of 2R-associated nodes of 
signaling network along with ancestral pre-2R (AP2R) network inference reveal that hubs involving 
negative regulation are sustained, with greater connectivity driving their preservation. At the 
expression side microarrays and proteomics may helpful to explore slow paralog expression 
divergence as a self-governing duplication process, however, ancestral expression inference might 
tell us the prior sub fictionalization among 2R assisted paralogs. 

The cell cycle and signaling pathways of vertebrates are highly under the influence of 2R 
event. It can be elaborated that genes preferentially retained during 2R-WGD are linked with 
greater organism complexity, such as, nervous system, locomotion and morphogenesis. On the 
other hand, genes involved in fundamental cellular functions for instance, translation, replication, 
splicing, and recombination are eliminated. New stages of core vertebrate functional novelties 
evolved due to 2R-WGD for example complex circulatory system, brains, bone, heart, musculature, 
adipose tissue, and cartilage. A comprehensive study related to the 2R impact on evolution, 
function and the information flow in signaling pathways of vertebrate may have practical 
implications for cancer treatment, regenerative medicine and stem cell therapies. [46] 

The in-depth analysis related to the origin of tetraspanin and its evolutionary history provides a 
comprehensive understanding of tetraspanin biology, but their influence on 2R-WGD at the 
vertebrate origin is of great importance. 

A detailed reconstruction of vertebrate tetraspanins phylogenetic profile by using a variety 
of information, such as phylogenetics based on nucleotide sequences, core structural attributes, 
and intronic configuration and genome segmental synteny may help us to find tetraspanins ohnolog 
retention rate after 2R-WGD that is thrice as the average rate of protein kinases and transcription 
factors. However, their large rate is not influential on size of tetrapanin family but can pose 
significant impact on family composition; probably by relocating lineage-specific genes in 
vertebrates with the lineages across deuterostomes are preserved. There are evidences in which 
genes losses are the major controlling factors during the period between 2R-WGD and recent time. 
For the moment, 80% of the branches have been identified by positive selection after 2R-WGD 
events, which involved significant depletion on both number and prevalence on corresponding 
speciation clades. Interestingly, mammalian RDS2 is lost due to accompanying positive selection 
pressure on mammalian ROM1, putative reasons might be due to compensatory evolution induced 
after gene loss. 

Seemingly different from kinases and transcription factors, 2R-WGD just reshaped the 
family composition instead of raising the size of tetraspanin family although they maintain high 
duplicate retention rate. Then, tetraspanins evolution right after 2R-WGD is accompanied by a 
successive wave of gene loss while creating positive selection pressure on protein coding regions. 
In the end, the impact of 2R-WGD on gene loss and positive selection can be sustained up to 400 
million years [47]. 
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Many developmental processes are regulated by transcription factors such as GATA; as a 
result embryonic germ layers are specified. The gene family, which belongs to GATA, has been 
expanded at a significant rate that is represented in many animal phylogenies. Several studies 
have elucidated that cnidarian diversity contains only single GATA transcription factor while three 
pairs of GATA genes have been discovered in vertebrates, up to five in insects, and 11 to 13 in 
nematodes. Always the genomes of bilaterians keep minimum one member from each of the two 
classes such as GATA123 and GATA456. 

The identification of one GATA123 gene and one GATA456 gene in two invertebrate 
deuterostomes genomic packages, a cephalochordate as in Branchiostoma floridae and a 
hemichordate for instance in Saccoglossusko walevskii plus the presence of six GATA genes in all 
vertebrates, moreover additional GATA paralogs in teleosts reveals the expansion after 2R-WGDs. 
So, these structural changes in exon-intron along with the conserved segmental motifs and from 
phylogenetic studies it is evident their origin might be from two ancestral deuterostome genes 
GATA 123 and GATA456. However their expansion is farther prolong as they have been identified 
up to eighteen paralogs linked to different GATA genes that are resulted from comparative studies 
of the conserved genomic organization in vertebrates. 

The analytical studies towards GATA transcription factors related to their expansion via 
2R-WGDs stem from that four invertebrate deuterostome lineage-specific phylogeny contain single 
copy of GATA123 and GATA456 genes. It can be inferred that the 0R deuterostome ancestors 
were having two GATA genes each member from a different class. Analyses of synthetic 
conservation pattern explore duplicated chromosomal segments containing paralogons diverged 
after the first round of whole genome duplication from chromosomes of ancestral vertebrate on 
which GATA123 and GATA456 genes were residing. Successively 2nd round of duplication created 
to seven paralogons, and later on the fish-specific 3R led to fourteen paralogons. The 
comprehensive evolutionary studies of GATA gene and relationships among them may be helpful 
in understanding the GATA factor duplications and specializations [48]. 
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Answer the following questions  

1. What are three basic classes of evolutionary algorithm (EA) 

2. What are the advantages of using Parallel Genetic Algorithm (PGA)? 

3. What do you mean by Single Nucleotide Polymorphism (SNP)? 

4. Define the term Evidence Based Medicine (EBM) 

5. What are transposable elements? 
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CHAPTER – 6 
  

GENOMIC EXPLORATION 
OF DOMESTIC LIVESTOCK SPECIES 

 
The followings are the glimpse of some of the work completed on the genomic diversity, 

phylogeny and production traits of different domestic and wild animals of Pakistan. We have already 
reported most of the data in national and international peer reviewed journals and some part is 
under preparation for submission. Here we are presenting our species wise data. 

6.1 BUFFALO (Bubalus bubalis) 

In the livestock sector of Pakistan, buffaloes have a unique position by providing milk, beef 
and power to the local community. There are five reported buffalo breeds in Pakistan named Nili, 
Ravi, Nili-Ravi, Azi-Kheli and Kundi. The Nili-Ravi breed is considered among the best dairy buffalo 
breeds of the world. In spite of rich genetic resources there are few studies in Pakistan based on 
genomics of buffaloes.  

Some of the work done by our research group to explore the genetic architecture of local 
buffalo breeds is given below briefly to have an idea about the genomics of Pakistani buffalo breeds. 

6.1.1 Mitochondrial DNA Diversity Patterns in Pakistani Buffalo 

The Indian subcontinent is considered to be the most likely centre of riverine buffalo 
domestication, based on population dynamics, archaeological evidence and genetic diversity. 
Recent studies on mitochondrial DNA diversity have drawn useful conclusions about the 
domestication history of Bubalus bubalis. The conclusions of these studies are, however, 
incomplete, unless samples can also be analyzed from Pakistan, which contains the second largest 
buffalo population of the world. Here, we report the results of the first study on mitochondrial D-
loop sequence diversity in five breeds of Pakistani buffalo. Analysis of sequence variations in 503-
bp of the D-loop region of 123 animals revealed 52 haplotypes, including 40 singletons. 
Multidimensional scaling display of breed pair wise F(ST) values revealed no strong clustering of 
breeds. Bayesian, maximum parsimony, neighbor joining and UPGMA trees revealed a topology 
consistent with domestication as well as subsequent introgression of multiple maternal lineages 
from the wild stocks. Reduced median network analysis provided evidence of population expansion 
from more than one set of haplotypes. The study also confirmed that Pakistani buffalo are of the 
riverine type. The observed mitochondrial D-loop sequence diversity suggests that Pakistani areas 
bordering India might have contributed to the initiation of domestication of the present-day river 
buffalo. 

Neighbour joining (NJ) (Fig. 1), maximum parsimony and UPGMA (data not shown) trees 
were constructed in MEGA 4.1 using Bos taurus sequence (NC_006853) as an out group. 
Maximum composite likelihood and minimum evolution models were used for phylogeny 
construction, and the robustness of nodes was tested by 1000 bootstraps. A reduced median 
network was made with a weight of two and threshold value of one using NETWORK 4.1.1.2 [11].  

A Bayesian phylogeny (data not shown) was constructed using a Markov chain Monte 
Carlo (MCMC) method as implemented in MRBAYES 3.1 [128], using the general time reversible 
substitution model with the invariant site along with eight gamma categories. MCMC chains were 
run for 1 · 106 cycles with a burn-in value of 2500. Trees were sampled every 100 generations and 
analyses were repeated four times. Only substitutions were used for phylogeny and network 
construction and gaps were not considered in any way. Mitochondrial D-loop sequence analyses 
revealed 46 variant sites giving rise to 52 haplotypes including 40 singletons (GQ166697-
GQ166748). Variant sites included an insertion of G, two sites showing a transition or a 
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transversion, 40 transitions and 3 transversions. The transition-to-transversion ratio was 14:1/7.6:1, 
with a strong transition bias (R = 8.866), as is usual for mammalian mitochondrial D-loop evolution. 
The A/T content was higher (0.578) than G/C content (0.422). Multidimensional scaling of breed 
pair wise FST values revealed a lack of clustering among the breeds studied. No correlation 
between breed pairwise FST values and geographic distance (r = 0.1812, P= 0.37) was found by 
IBD analysis. The reduced median network also indicated that Pakistani buffalo might be an 
outcome of multiple domestication events. 

Previous studies on mitochondrial and Y-chromosomal diversity have suggested that river 
and swamp buffaloes were domesticated independently [75; 78; 54; 162] in our minimum evolution, 
maximum parsimony, NJ and UPGMA. 

Phylogenetic analysis, Pakistani buffalo haplotypes clustered into a distinct clade away 
from swamp buffalo haplotypes confirmed that Pakistani buffalo are of riverine type (Fig. 1. In these 
phylogenies, clustering patterns of Pakistani buffalo haplotypes were not consistent with the 
classification of breeds based upon either morphology or geography. Multidimensional scaling 
display of pair wise F(ST) values supported the previous results that the Nili-Ravi breed might have 
developed as a result of crossbreeding between the Nili and Ravi breeds; therefore, animals from 
respective breeding tracts of Nili and Ravi breeds may represent better specimens for conservation 
of these two breeds [70]. Although mitochondrial D-loop sequences are poorly differentiated 
between Kundi and Nili-Ravi individuals (FST = 0.0054), autosomal microsatellite DNA markers 
data have grouped these two breeds into separate clusters. 

6.1.2 DNA Fingerprinting of Pakistani buffalo breeds (Nili-Ravi, Kundi) using 
microsatellite and cytochrome b gene markers 

Cytochrome b gene markers have been proven as an efficient and powerful tool for breed 
characterization and species identification of buffaloes. It.00 represents the substantial analysis of 
mitochondrial DNA variation in Pakistani buffalo breeds and provides information about their 
genetic diversity. In this study, a partial amplification of 

 

Figure 6.1 Neighbour-joining phylogeny of 52 Pakistani, nine swamp (Carabao), 10 Mediterranean 
and 17 Indian buffalo haplotypes. Name of breed/population and accession number are given for 
each haplotype used in the phylogeny construction. AZ, Azi-Kheli, KU, Kundi, NI, Nili, NR, Nili Ravi, 
RA, Ravi. 
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Figure 6.2. Reduced median network of 52 Pakistani buffalo haplotypes. The smallest circle 
represents one animal and the length of a line points to the number of mutational steps. 

Cytochrome b gene of 1,061 bp was done and sequencing results showed ten haplotypes. 
Comparing all fifty samples from two buffalo breeds of Pakistan, fifteen polymorphic sites were 
observed out of which, twelve codons 42, 71, 118, 120, 199, 235, 269, 297, 318, 327, 350 and 355 
of mitochondrial cytochrome b gene are monomorphic which translate same amino acids as in the 
reference protein sequence due to silent mutation while different in DNA sequence. Similarly three 
codons 163, 246 and 337 of mitochondrial cytochrome b are polymorphic and different from the 
reference sequence with respect to DNA as well as protein sequence. For the further confirmation 
a panel of nine microsatellite markers was used with high polymorphism information content (PIC). 
The frequency distribution of these alleles varies from three to eight allele at locus CSSM66 and 
ILST029 respectively. The results obtained from this study may contribute to the establishment of 
routine genotyping service of buffalo breeds for buffalo farmers for animal forensic application in 
case of any dispute. Additionally this study may help for breed characterization and phylogeny of 
aforementioned breeds of buffalo [135]. 

6.1.3 Genetic Characterization of Azakheli Buffalo Breed of Pakistan Using 
Microsatellites DNA Markers  

Pakistan has five dairy breeds of buffalo but the genetic data of buffalo breeds like Nili, 
Ravi, NiliRavi, Kundi and Azakheli is lacking which need to be established for their genetic 
characterization. We applied three fluorescently labeled microsatellite markers (INRA005, 
ILSTS029, ILSTS033) on Azakheli buffalo breed of Pakistan. DNA was extracted with the use of 
standard protocol and after amplification genotypes were constructed. Results were analyzed with 
the help of Popgene 2.1 software. The observed number of alleles ranged from 4 (INRA005) to 6 
(ILSTS033) with a mean value of 5 alleles per locus. The effective number of alleles was lower than 
the observed values with a mean value of 2.46 alleles per locus. The over all allele frequency varied 
from 0.025 for alleles B and A, B, E and E over locus INRA005, ILSTS029 and ILSTS033, 
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respectively to 0.875 for allele D over locus ILSTS029. The Polymorphic Information Content (PIC) 
values of studied microsatellite markers were 0.58, 0.22 and 0.66 for INRA005, ILSTS029 and 
ILSTS033 respectively suggest their suitability for genetic diversity analysis in Azakheli buffalo. The 
mean observed and expected homozygosity was 0.55 and 0.46, while observed and expected 
heterozygosity was 0.45 and 0.53 respectively over all loci. The study reports the first microsatellite 
markers-based genetic diversity analysis in Azakheli buffalo breed and it will be quite beneficial for 
similar studies on other livestock breeds. It will further help for determining the comparative genetic 
diversity, breed identification, making effective breeding policies and conservational activities 
considering microsatellite data [8].  

6.1.4 Phylogenetic Analysis of Kundi Buffalo Breed of Pakistan through Mitochondrial 
D-Loop Region  

Here in this study we shed light on phylogeny of the river type Pakistani Kundi buffalo 
based on 505 bp mitochondrial D-loop sequences. The D- loop sequences from 15 animals 
revealed 5 different haplotypes resulting from 12 different polymorphic sites. The polymorphic sites 
showed 10:1 transitions to transversions ratio indicating bias towards transitions. The Neighbour 
Joining (NJ) tree constructed by including haplotypes from this study and some previously reported 
haplotypes from India, Egypt, Italy and China showed two distinct clades: one comprising of the 
river buffalo haplotypes and the other encompassing swamp buffalo haplotypes. The clustering of 
Kundi haplotypes together with other rive buffalo haplotypes indicates that they have common 
origin. As it is reported that the river buffalo was originated and domesticated in and around the 
western region of India that is geographically adjacent to Sindh (home tract of the Kundi buffalo), 
Pakistan therefore, Sindh may also be considered among the domestication centers of the present 
day river buffalo. The history of Indus valley civilization also supports this supposition. Different 
polymorphic sites detected in the D-loop region of Kundi buffalo. Nucleotide change was observed 
at position 166 A/C Transversion, 181 - G Insertion, 182 A/G Transition, 183 A/G Transition, 184 
C/T Transition ,250 G/A Transition, 267 A/G Transition, 337 C/T Transition, 367 A/G Transition, 
443 C/T Transition, 459 C/G Transition, 513 G/A Transition [58]. 

6.1.5 Evaluation of AMPK Genes as Candidates for Production Traits in Buffalo Breeds 
of Pakistan 

For this study the blood samples from 6 Nili, 5 Ravi and 9 Nili Ravi buffaloes were collected 
into EDTA vaccutainers, immediately transferred to an icebox and stored at –20ºC until further 
processing. Genomic DNA was extracted from frozen peripheral whole blood according to the 
protocols of Grimberg et al. (1989) [48] and was dissolved in TE buffer, pH 8.0. Amplification was 
done from position 918 in exon to position 1802 just downstream of exon 4, using primers U1A-
GAGCAAGGAGACAGCACTTCA (918- 938) and U2B-ACCTGTAGCATGGTGTC GAAGA (1781-
1802) with Amplictaq Gold, at annealing temperature 60ºC. Sequencing of PRKA γ3 was done by 
using the primers UP SEQ1 5’-GACCTCAGCATCCAGGCT and PRKA γ3 UP SEQ2 5’-
GACAGTAACTCCATCTTCCA 

The 5’-activated protein kinase (AMPK) also called PRKA is a heterotrimeric protein 
complex that regulates cellular metabolism in response to nutritional stress in mammals. Total 
length of AMPK gene is 6500 base pairs. AMPK γ3 has 884 base pairs comprises of exon 3, intron 
3 and exon 4. AMPK γ3 gene was studied from three buffalo breeds (Nili, Ravi and Nili Ravi) of 
Pakistan. Amplification of this region was done from position 918 in exon to position 1802 just 
downstream of exon 4, using primers U1A-GAGCAAGGAGACAGCACTTCA (918-938) and U2B-
ACCTGTAGCATGGTGTC GAAGA (1781- 1802) with Amplictaq Gold, at annealing temperature 
60oC. Sequencing of PRKA γ3 UP SEQ1 5’-GACCTCAGCATCCAGGCT and PRKA γ3 UP SEQ2 
5’-GACAGTAACTCCATCTTCCA was done. 

The results showed that at position 1069, Allelic frequency of C/T was 0.35, T/T was 0.05 
and frequency of C/C was 0.40. At position 1343, frequency of A/G was 0.1 and A/A was 0.9. At 
1381 position, frequency of C/T was 0.35, T/T was 0.05 and C/C was 0.6. At position 1488, the A/G 
was 0.35, A/A was 0.05 and G/G was 0.6. The detected SNP at 1343 is A/G which is the ancient 
haplotypes of PRKAG3 in Nili Ravi buffalo breeds from Pakistan. These SNPs in AMPK gene can 
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be used as marker for efficient utilization of energy in these three buffalo breeds of Pakistan that 
will increase the economic returns to farmers [7]. 

The gamma 3 subunit involved in the regulation of AMPK activity in skeletal muscle and 
strongly influences glycogen metabolism. Glycogen content in muscle was correlated to meat 
quality in livestock because it influences postmortem maturation process and ultimate pH [131] and 
encodes a muscle-specific isoform of the regulatory gamma subunit of AMP-activated protein 
kinase [114]. The bovine PRKAG3 gene also involved in muscle-related genetic diseases or meat 
quality traits in cattle [163]. These SNPs in AMPK gene can be used as marker for efficient 
utilization of energy in these three buffalo breeds of Pakistan that will increase the economic returns 
to farmers. 

In conclusion, the bovine PRKAG3 gene has a total length of 885 bp. It is organized into 2 
exon (3 and 4) and 1 intron (intron no 3). The PRKAG3 gene was screened for polymorphism by 
using genomic DNA from three Pakistani buffalo breeds: Nili, Ravi and Nili Ravi. At position 1069, 
Allelic frequency of C/T was 0.35, T/T was 0.05 and frequency of C/C was 0.40. At position 1343, 
frequency of A/G was 0.1 and A/A was 0.9. At 1381 position, frequency of C/T was 0.35, T/T was 
0.05 and C/C was 0.6. At position 1488, the A/G was 0.35, A/A was 0.05and G/G was 0.6. The 
detected SNP at 1343 is A/G which is the ancient haplotypes of PRKAG3 in Nili Ravi buffalo breeds 
from Pakistan (DQ646431). Further studies on remaining subunits of this gene will help completely 
to understand the morphology of the gene 

Comparison of the PRKAG3 sequence with the other cattle breeds shows that at position 
1171, SNP in charolais, limosin, Simmental and wagyu is similar which is G/G but it is different in 
Angus, Holstein and Brahman which is G/T 

6.1.6 Genetic Identification of Three Pakistani Buffalo Breeds Through a Homozygosity 
Pattern in the PRKAG3 Gene  

Adenosine monophosphate-activated protein kinase (AMPK) responds to both cellular and 
organismal level ATP decline in eukaryotes and plays a crucial role in the regulation of energy 
balance by stimulating energy-generating pathways and inhibiting energy-consuming pathways. 
AMPK is a heterotrimeric complex, consisting of a subunit α for its catalytic function and two other 
subunits β and γ for its regulatory properties. Although the characterization of each of genes 
encoding any of seven isoforms of α, β and γ subunits has been performed for different species 
including Homo sapiens, this task yet remains to be undertaken in buffalo (Bubalus bubalis), a 
species substantially contributing to many South Asian economies in terms of milk, beef, hides and 
employment. Owing to their economic importance, the genetic resource conservation of different 
buffalo breeds, especially Nili and Ravi breeds of Pakistan, is preferentially desirable to minimize 
any reduction in future economic returns from this species. Based on a polymorphism analysis of 
PRKAG3 (AMPKγ3) gene in three buffalo breeds (Nili, Ravi and Nili-Ravi), we present in this 
manuscript the identification of a homozygosity pattern (T1070T1382A1489) which may serve as 
marker for the genetic resource conservation of Nili buffalo [9]. 

6.1.7 Polymorphic Variants of MHC Class II Antigen (BuLA-DRB3) Gene in Pakistani 
Buffalo 

Keeping buffaloes managerial discrepancies and splendid immunity to fight against different 
diseases in mind, highly polymorphic bovine leucocyte antigen, dopamine receptor beta chain 
(BuLA) DRB3 gene exon 2 was characterized in Pakistani buffalo breeds including Nili, Ravi, Nili-
Ravi and Azakheli. Pure bred individual from selected breeds were amplified, sequenced, aligned 
and screened. Twelve nucleotide positions in 270 bp fragment were analyzed, Over all mean 
distance, transition/transversion bias (R) and maximum likelihood (ML) values are 0.0094, 0.57 and 
-394.981 respectively. The phylogenetic analysis was conducted using MEGA6.1 with regional 
Murrah buffalo, which revealed the variability of this gene. Nili breed was found more diversified, 
which placed itself in ancestral and mixed clade with Nili-Ravi and Azakheli breeds. Comparison 
with other 25 mammalian species was also performed, human and horse revealed their separate 
clade while deer, sheep, yak and cattle shared their common ancestors with buffalo more recently 
as compare to lemur, gorilla, hare and mouse. This study being the first of its kind in Pakistani 
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buffaloes which will open new avenues for research related to immunity genes and to identify 
possible molecular markers ahead. 

Total 44 polymorphic sites were noticed, in which maximum likelihood (ML) rate of 
transition substitution probabilities are A>G 6.27, T>C 9.63, C>T 12.17 and G>A 8.74, while 
transversion are A>T,C are 7.83, T>A,G are 5.68, C>A,G are 7.18 and G>T,C are 10.91. Shape 
parameter estimated value for the discrete gamma distribution was calculated 200 which was used 
to model evolutionary rate differences among 5 site categories [151]. Mean evolutionary rate was 
0.90, 0.96, 1.00, 1.04, 1.10 substitutions per site in five categories. The nucleotide frequencies are 
A = 24.79%, T = 17.97%, C = 22.71%, and G = 34.53%. For estimating ML values, maximum log 
likelihood for this computation was -394.981. There were a total of 237 positions in the final dataset 
after eliminating gaps and missing data. The analysis involved 12 nucleotide sequences 
evolutionary analyses were conducted in MEGA6 using bootstrap 1000 replicates [151], which 
depicts that reference sample of Murrah breeds is close to Nili-70 and Ravi-58 haplotype of our 
sequenced samples. Nili breed is considered as ancestral breed of plain areas of Pakistan, which 
found more diversified and placed itself into two different clades with Azakheli and Ravi breed. 
Ravi-58 haplotype also placed itself as separate leaf in this whole cluster which predicts it as 
ancestral breed on the DRB3 sequence (Figure 1).  

 

 
Figure 6.3: Phylogenetic tree using UPGMA method of Pakistani buffaloDRB3 gene 
haplotypes constructed with Murrah breed reported in GenBank 

Similarly, another phylogentic analysis was conducted in which our DRB3 sequences in 
buffalo breeds were compared with other mammals’ data available form NCBI. A separate clade of 
all buffalo is closer to red deer (Cervus elaphus) and Ovis aries. Bos, Capra and Oves, Bison and 
Ovibos genus species included in this analysis are placed themselves in one clade. Similarly 
bottlenose dolphin, miniature swine, sealion, cat, hippopotamus and night monkey shared their 
common ancestors within separate clade. Macaca mulattta and Rhinilophus ferrumequinum 
appeared in common clade. Dog, rats and mice revealed their commonalities in this gene 
sequences. Snowshoe hare, gorilla and ring-tailed lemur also sharer their ancestors in a separate 
clade in this tree, while human and horse placed them in separate clade but earlier closer to gorilla 
and later Capra, Bos and Oves genuses.               
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Figure 6.4: Phylogenetic tree using UPGMA method of Pakistani buffalo DRB3 gene 
haplotypes constructed with Murrah buffalo and other reported sequences in different 
mammals in GenBank 

In conclusion we can infer that, BuLA-DRB3 gene in Pakistani buffaloes found highly 
polymorphic as predicted in other species. A total 44 sites were found altered in which most of the 
loci are heterozygous with mean diversity within subpopulation, entire population, interbreed and 
coefficient of differentiation are calculated as 0.010, 0.008, -0.002 and -0.254 respectively. Nili 
breed found more ancestral and closely related to Murrah reference breed as well as identical to 
azakheli breed, which is the breed of colder northern areas of Pakistan. It also extrapolates inter-
breed crossing phenomena due to selection of high milk producing trait.       

6.2 Cattle 

6.2.1 Microsatellite Markers 

For this study a set of 21 microsatellite marker (Forward primers were fluorescently labeled 
at 5’end which enabled to detect and analyze the final PCR product in genotyping) were selected 
from the lists of microsatellite markers recommended by International Society for Animal Genetics 
(ISAG) and Food and Agriculture Organization (FAO) to examine the genetic diversity, 
differentiation and relationship within and between the famous ten selected cattle breeds.    

Detail of these markers is shown in Table 6.2 
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Table 6.1: List of 21 microsatellite markers selected from ISAG (International Society of Animal 
Genetics) and Food and Agriculture Organization (FAO) recommended markers for cattle  

Marker 
Chromosom

e # 
Dye Sequence 5’-3’ Reference 

BM1818 23 6-FAM AGCTGGGAATATAACCAAAGG Bishop et al., (1994) 

   AGTGCTTTCAAGGTCCATGC  

BM1824 1 6-FAM GAGCAAGGTGTTTTTCCAATC Bishop et al., (1994) 

   CATTCTCCAACTGCTTCCTTG  

BM2113 2 NED GCTGCCTTCTACCAAATACCC Bishop et al., (1994) 

   CTTCCTGAGAGAAGCAACACC  

BM6526  HEX CATGCCAAACAATATCCAGC Bishop et al., (1994) 

   TGAAGGTAGAGAGCAAGCAGC  

CSSM66 14 6-FAM ACACAAATCCTTTCTGCCAGCTGA Barendse et al., (1994) 

   AATTTAATGCACTGAGGAGCTTGG  

ETH10 5 PET GTTCAGGACTGGCCCTGCTAACA Solinas et al., (1993) 

   CCTCCAGCCCACTTTCTCTTCTC  

ETH225 9 VIC GATCACCTTGCCACTATTTCCT Steffen et al., (1993) 

   ACATGACAGCCAGCTGCTACT  

HAUT27 26 VIC TTTTATGTTCATTTTTTGACTGG Harlizius (comm. pers.) 

   AACTGCTGAAATCTCCATCTTA  

ILSTS011 14 PET GCTTGCTACATGGAAAGTGC Brezinsky et al., (1993c) 

   CTAAAATGCAGAGCCCTACC  

ILSTS029  VIC TGTTTTGATGGAACACAGCC  

   TGGATTTAGACCAGGGTTGG  

ILSTS033 12 6-FAM TATTAGAGTGGCTCAGTGCC Kemp et al., (1995) 

   ATGCAGACAGTTTTAGAGGG  

ILST044  HEX AGTCACCCAAAAGTAACTGG  

   ACATGTTGTATTCCAAGTGC  

ILSTS049  NED CAATTTTCTTGTCTCTCCCC  

   GCTGAATCTTGTCAAACAGG  

ILSTS052  PET CTGTCCTTTAAGAACAAACC  

   TGCAACTTAGGCTATTGACG  

INRA005 12 NED CAGGCATACCCTACACCACATG Vaiman et al., (1992) 

   AAATATTAGCCAACTGAAAACTGG  

INRA032 11 VIC AAACTGTATTCTCTAATAGCAC Vaiman et al., (1994) 

   GCAAGACATATCTCCATTCCTTT  

INRA063 18 6-FAM ATTTGCACAAGCTAAATCTAACC Vaiman et al., (1994) 

   AAACCACAGAAATGCTTGGAAG  

TGLA122 21 NED CCCTCCTCCAGGTAAATCAGC  

   AATCACATGGCAAATAAGTACATC  

TGLA126 20 VIC CTAATTTAGAATGAGAGAGGCTTT  

   TTGGTCTCTATTCTCTGAATATTCC  

TGLA227 18 6-FAM CGAATTCCAAATCTGTTAATTTGCT  

   ACAGACAGAAACTCAATGAAAGCA  

INRA023 3 VIC GAGTAGAGCTACAAGATAAACTTC Vaiman et al., (1994) 

   TAACTACAGGGTGTTAGATGAACT  

 



126 
 

Table 6.2: Summary of genetic diversity statitstics of 21 microsatellite markers in selected Pakistani 

cattle breeds  

Locus na ne Ho He 
Ave. 
Het 

G-W stat. Fis Fit Fst 

BM1818 21 7.6580 0.4841 0.8707 0.7971 1.0000 0.3983 0.4575 0.0984 

BM1824 16 4.9731 0.5942 0.8001 0.6996 0.2424 0.1300 0.2331 0.1185 

BM2113 21 8.0338 0.7101 0.8768 0.7854 0.3650 0.0943 0.1838 0.0988 

BM6526 40 15.0019 0.6464 0.9347 0.7972 0.8888 0.1706 0.2863 0.1395 

CSSM66 24 2.3574 0.7478 0.5766 0.5247 0.3846 -0.3657 -0.2884 0.0566 

ETH10 23 9.0424 0.4319 0.8907 0.7210 0.6969 0.4018 0.5117 0.1837 

ETH225 25 3.7459 0.5275 0.7341 0.6357 0.3906 0.1888 0.2731 0.1040 

HAUT27 29 4.0666 0.3565 0.7552 0.5528 0.8787 0.3593 0.5025 0.2235 

ILSTS011 20 7.9281 0.2638 0.8751 0.7860 0.9090 0.6681 0.7041 0.1084 

ILSTS029 18 9.7999 0.3130 0.8993 0.6817 0.5142 0.5126 0.6334 0.2478 

ILSTS033 16 4.9257 0.5043 0.7981 0.6843 0.5357 0.2456 0.3407 0.1261 

ILSTS044 15 3.2138 0.2986 0.6898 0.5131 0.6250 0.4218 0.5466 0.2158 

ILSTS049 11 4.2924 0.5449 0.7681 0.6176 0.3142 0.0641 0.2598 0.2091 

ILSTS052 23 7.2064 0.5043 0.8625 0.7711 0.6764 0.3117 0.3777 0.0959 

INRA005 21 6.2913 0.5971 0.8423 0.7364 0.9545 0.1642 0.2569 0.1109 

INRA32 10 2.8576 0.0638 0.6510 0.5942 0.9090 0.8943 0.9040 0.0917 

INRA63 20 5.2604 0.4232 0.8111 0.6483 0.4651 0.4269 0.5329 0.1849 

TGLA122 26 11.4107 0.5188 0.9137 0.7862 0.8387 0.3447 0.4350 0.1379 

TGLA126 43 10.4376 0.6464 0.9055 0.8087 0.6615 0.1657 0.2590 0.1119 

TGLA227 21 5.9704 0.6029 0.8337 0.6404 0.6363 0.0861 0.2816 0.2139 

INRA023 26 6.8922 0.6000 0.8561 0.6918 0.7428 0.1954 0.3245 0.1605 

Mean 
22.333

3 
6.7317 0.4943 0.8164 0.6892 0.6490 0.2819 0.3864 0.1456 

s.d. 7.9771 3.1685 0.1647 0.0930 0.0932 0.2313    

na = Observed number of alleles, ne = Effective number of alleles. Ho = Observed heterozygosity, 
He = Expected heterozygosity, Ave. Het = Average Heterozygosity, Fis = inbreeding within 
population, Fit = inbreeding among population, Fst = relationship among populations. 
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Table 6.3  Total number of alleles abserved on all 21 microsatellite loci in selected cattle breeds of 

Pakistan 

Locus Shwl 
Ch
ls 

Re
dS 

Thr
p 

Dha
n 

Lo
ha 

Daja 
Bha

g 
Ac
h 

Nar
M 

Fri
e 

Mea
n 

S.D. 
Tot. 
num
ber 

BM1818 6 14 14 12 16 10 11 12 11 7 13 11.45 2.94 21 

BM1824 6 7 5 5 6 6 8 4 7 10 8 6.545 1.63 16 

BM2113 8 7 8 6 7 7 9 9 11 14 9 8.727 2.64 23 

BM6526 9 12 9 6 10 19 18 10 21 17 8 12.54 5.16 40 

CSSM66 11 10 2 2 5 5 6 6 7 7 6 9.091 3.33 30 

ETH10 12 7 4 4 5 9 7 6 11 11 8 7.727 2.97 23 

ETH225 14 6 6 8 8 6 7 10 10 10 8 8.545 2.42 25 

HAUT27 9 8 4 5 4 6 17 8 10 12 9 8.364 3.82 29 

ILSTS011 8 8 11 6 12 9 6 10 9 7 10 8.818 1.99 20 

ILSTS029 8 5 9 10 2 6 11 5 8 7 4 6.818 2.48 18 

ILSTS033 9 8 6 3 5 3 13 6 9 9 9 7.273 3.03 15 

LSTS044 10 5 6 5 7 3 12 9 6 8 7 7.182 2.60 15 

ILSTS049 10 7 6 4 8 7 6 6 7 7 3 6.455 1.50 11 

ILSTS052 12 7 9 9 9 8 17 7 10 8 6 9.273 3.03 23 

INRA005 10 8 4 5 10 5 18 7 6 6 5 7.636 3.98 21 

INRA32 4 7 5 4 8 6 5 3 3 4 3 4.727 1.67 10 

INRA63 11 9 4 6 4 6 14 13 9 12 9 8.818 3.48 20 

TGLA122 16 14 10 11 11 6 13 13 15 15 5 11.63 3.74 26 

TGLA126 19 9 12 13 13 10 15 11 10 11 7 11.90 3.14 43 

TGLA227 8 4 4 4 7 6 10 6 7 13 11 7.364 2.97 21 

INRA023 9 10 4 5 5 5 11 11 15 18 14 7.636 6.86 26 

Mean 10 8.1 6.7 6.1 
7.7
1 

7.0 11.1 8.19 9.6 10. 7.7 8.502 1.55 22.66 

s.d. 3.39 2.6 3.1 3.2 
3.4
1 

3.3 4.24 2.91 3.8 4.0 2.9 3.451 0.65 8.181 
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Table 6.4  Descriptive statistics of the 21 microsatellite markers in each of selected cattle breeds: 
number of alleles; effective number of allele; observed heterozygosity; expected heterozygosity; 
Fis, inbreeding coefficient; polymorphic information content 

Sahiwal (n = 40) 

 

Cholistani (n = 36) 

Locus Na ne Ho He Fis PIC 

 

na ne Ho He Fis PIC 

BM1818 6 2.7374 0.3750 0.6427 0.4092 
0.6
0 

 

14 9.8182 0.6944 0.9108 0.2268 
0.8
9 

BM1824 6 3.7253 0.5500 0.7408 0.2482 
0.6
8 

 

7 3.1380 0.6944 0.6909 -0.0193 
0.6
3 

BM2113 8 6.2500 0.7705 0.8506 0.0774 
0.7
9 

 

7 2.2697 0.6111 0.5673 -0.0924 
0.5
3 

BM6526 9 4.8855 0.8705 0.8054 -0.1002 
0.7
6 

 

12 3.5653 0.3056 0.7297 0.5753 
0.6
8 

CSSM66 11 2.7444 0.7750 0.6437 -0.2193 
0.6
1 

 

10 2.7000 0.8889 0.6385 -0.4118 
0.5
9 

ETH10 12 6.7941 0.3500 0.8636 0.5896 
0.8
3 

 

7 4.2078 0.7778 0.7731 -0.0202 
0.7
6 

ETH225 14 4.3656 0.7000 0.7807 0.0920 
0.7
6 

 

6 1.9908 0.4444 0.5047 0.1070 
0.4
2 

HAUT27 9 2.4042 0.0250 0.5915 0.9572 
0.5
6 

 

8 1.6220 0.1944 0.3889 0.4930 
0.3
7 

ILSTS011 8 6.4777 0.3750 0.8563 0.5565 
0.8
3 

 

8 5.3224 0.1667 0.8236 0.7948 
0.7
9 

ILSTS029 8 6.3492 0.1250 0.8532 0.8516 
0.8
3 

 

5 2.3542 0.4167 0.5833 0.2757 
0.5
5 

ILSTS033 9 4.2953 0.5000 0.7769 0.3483 
0.7
4 

 

8 3.1229 0.4444 0.6894 0.3462 
0.6
4 

ILSTS044 10 3.1558 0.3000 0.6918 0.5608 
0.6
5 

 

5 1.4939 0.0556 0.3353 0.8320 
0.3
0 

ILSTS049 10 7.6372 0.8000 0.8801 0.0795 
0.8
5 

 

7 4.9750 0.8333 0.8103 -0.0430 
0.7
7 

ILSTS052 12 5.6838 0.6500 0.8345 0.2112 
0.8
1 

 

7 3.4286 0.3056 0.7183 0.5686 
0.6
7 

INRA005 10 6.2378 0.6250 0.8503 0.2557 
0.8
2 

 

8 2.6749 0.6389 0.6350 -0.0203 
0.5
8 

INRA32 4 2.6556 0.0750 0.6313 0.8797 
0.5
5 

 

7 4.2702 0.3333 0.7766 0.5647 
0.7
3 

INRA63 11 3.7515 0.4500 0.7427 0.3865 
0.7
1 

 

9 2.3889 0.2500 0.5896 0.5700 
0.5
6 

TGLA122 16 8.4881 0.4750 0.8934 0.4616 
0.8
7 

 

14 6.6462 0.8889 0.8615 -0.0463 
0.8
3 

TGLA126 19 10.0629 0.5750 0.9120 0.3616 
0.9
0 

 

9 3.3838 0.6389 0.7144 0.0931 
0.6
8 

TGLA227 8 3.4783 0.5750 0.7215 0.1930 
0.6
6 

 

4 1.8305 0.3889 0.4601 0.1429 
0.3
9 

INRA023 9 3.3299 0.1500 0.7085 0.7856 
0.6
7 

 

10 6.4800 0.6667 0.8576 0.2117 
0.8
3 

Mean 10 5.0243 0.4810 0.7748 0.3714 
0.7
3 

 
8.1
9 3.6992 0.5066 0.6695 0.2326 

0.6
2 

s.d.         
3.39
8 2.1280 0.2482 0.0964     

 
2.6
5 2.0341 0.2487 0.1570     

Continue 
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Red Sindhi (n = 20)  Tharparker (n = 24) 

Locus Na ne Ho He Fis PIC  na ne Ho He Fis PIC 

BM1818 14 10.5263 0.3000 0.9282 0.6685 0.90  12 8.5970 0.5417 0.9025 0.3870 0.88 

BM1824 5 2.6846 0.6500 0.6436 -0.0359 0.57  5 2.7042 0.7917 0.6436 
-

0.2562 
0.57 

BM2113 8 5.8824 0.7000 0.8513 0.1566 0.80  6 3.2542 0.4583 0.7074 0.3383 0.63 

BM6526 9 3.7209 0.9000 0.7500 -0.2308 0.73  6 2.4935 0.5833 0.6117 0.0261 0.53 

CSSM66 2 1.6632 0.5500 0.4090 -0.3793 0.32  2 1.4922 0.4167 0.3369 
-

0.2632 
0.28 

ETH10 4 2.2409 0.3500 0.5679 0.3679 0.40  4 2.3415 0.4167 0.5851 0.2727 0.48 

ETH225 6 2.3324 0.5500 0.5859 0.0372 0.52  8 2.4202 0.7500 0.5993 
-

0.2781 
0.55 

HAUT27 4 1.6097 0.4500 0.3885 -0.1881 0.35  5 1.4903 0.3750 0.3360 
-

0.1398 
0.31 

ILSTS011 11 3.5398 0.2500 0.7359 0.6516 0.70  6 4.1290 0.0833 0.7739 0.8900 0.72 

ILSTS029 9 7.4074 0.4000 0.8872 0.5376 0.85  10 7.2911 0.3750 0.8812 0.5654 0.85 

ILSTS033 6 2.8986 0.9000 0.6718 -0.3740 0.60  3 2.2027 0.9167 0.5576 
-

0.6789 
0.45 

ILSTS044 6 1.8265 0.4500 0.4641 0.0055 0.43  5 1.4240 0.3333 0.3041 
-

0.1195 
0.29 

ILSTS049 6 2.4845 0.9000 0.6128 -0.5063 0.53  4 2.3510 0.8750 0.5869 
-

0.5227 
0.48 

ILSTS052 9 4.9383 0.7500 0.8179 0.0596 0.78  9 4.0851 0.6250 0.7713 0.1724 0.73 

INRA005 4 3.6530 0.9000 0.7449 -0.2392 0.68  5 3.2360 0.7083 0.7057 
-

0.0251 
0.64 

INRA32 5 3.2258 0.0000 0.7077 1.0000 0.64  4 2.2857 0.0000 0.5745 1.0000 0.48 

INRA63 4 1.5066 0.0500 0.3449 0.8513 0.31  6 1.9726 0.2500 0.5035 0.4930 0.46 

TGLA122 10 7.8431 0.6000 0.8949 0.3123 0.86  11 6.5085 0.8333 0.8644 0.0154 0.82 

TGLA126 12 8.6957 0.8000 0.9077 0.0960 0.87  13 6.6977 0.9583 0.8688 
-

0.1265 
0.84 

TGLA227 4 1.8779 0.6000 0.4795 -0.2834 0.40  4 2.0389 0.6667 0.5204 
-

0.3083 
0.45 

INRA023 4 1.6563 0.2500 0.4064 0.3691 0.35  5 1.0000 0.0000 0.0000 0.4122 0.57 

Mean 6.76 3.9149 0.5381 0.6571 0.1602 0.59  6.14 3.3341 0.5218 0.6017 0.1142 0.54 

s.d.         3.17 2.6413 0.2743 0.1888    3.23 2.1407 0.2898 0.2238   
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Continue 

Dhani (n = 25)  Lohani (n = 23) 

Locus na Ne Ho He Fis PIC  na ne Ho He Fis PIC 

BM1818 16 10.504 0.6000 0.9233 0.3369 0.90  10 4.3008 0.5217 0.7845 0.3202 0.75 

BM1824 6 3.8344 0.6000 0.7543 0.1883 0.70  6 5.3166 0.9130 0.8300 -0.1246 0.78 

BM2113 7 4.0984 0.7600 0.7714 -0.0050 0.72  7 5.5393 0.9565 0.8377 -0.1672 0.80 

BM6526 10 5.1867 0.8004 0.8237 -0.0410 0.78 
 

19 10.796 0.8261 0.9275 0.0896 0.90 

CSSM66 5 1.8142 0.5600 0.4580 -0.2480 0.41  5 1.7065 0.5217 0.4232 -0.2603 0.37 

ETH10 5 3.3156 0.1600 0.7127 0.7709 0.66 
 

9 5.4819 0.7391 0.8357 0.0960 0.80 

ETH225 8 1.6171 0.1600 0.3894 0.5807 0.40  6 2.1770 0.5217 0.5527 0.0350 0.51 

HAUT27 4 2.1368 0.1200 0.5429 0.7744 0.44  6 1.5201 0.0870 0.3498 0.7459 0.33 

ILSTS011 12 10.163 0.3600 0.9200 0.6007 0.89 
 

9 6.4512 0.3478 0.8638 0.5884 0.83 

ILSTS029 2 1.6756 0.1600 0.4114 0.6032 0.34  6 2.7916 0.5652 0.6560 0.1193 0.58 

ILSTS033 5 2.5407 0.2800 0.6188 0.5383 0.53  3 2.1725 0.3043 0.5517 0.4361 0.43 

ILSTS044 7 3.0120 0.1600 0.6816 0.7605 0.61 
 

3 1.2491 0.0435 0.2039 0.7820 0.29 

ILSTS049 8 6.1881 0.8400 0.8555 -0.0020 0.83  7 4.6201 0.6522 0.8010 0.1677 0.75 

ILSTS052 9 4.9801 0.8400 0.8155 -0.0510 0.78  8 5.1863 0.7826 0.8251 0.0304 0.78 

INRA005 10 7.4850 0.6400 0.8841 0.2613 0.85 
 

5 2.3616 0.5652 0.5894 0.0197 0.49 

INRA32 8 3.6982 0.1200 0.7445 0.8355 0.69  6 1.7692 0.1304 0.4444 0.7000 0.44 

INRA63 4 2.1079 0.0400 0.5363 0.9239 0.42 
 

6 3.2256 0.0870 0.7053 0.8740 0.64 

TGLA122 11 6.4103 0.5200 0.8612 0.3839 0.83  6 2.8289 0.2609 0.6609 0.5965 0.61 

TGLA126 13 8.0128 0.9200 0.8931 -0.0510 0.86  10 6.1871 0.7826 0.8570 0.0665 0.82 

TGLA227 7 3.3693 0.0400 0.7176 0.9431 0.66 
 

6 2.4605 0.4348 0.6068 0.2675 0.51 

INRA023 5 3.1328 0.4000 0.6947 0.4125 0.61  5 2.6853 0.3913 0.6415 0.3765 0.58 

Mean 7.71 4.5373 0.4343 0.7148 0.3800 0.66  7.05 3.8489 0.4969 0.6642 0.2352 0.61 

s.d.         3.41 2.6758 0.2997 0.1660   
 

3.34 2.2968 0.2789 0.1931   
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Dajal (n = 40) 
 

Bhagnari (n = 31) 

Locus Na Ne Ho He Fis PIC 
 

na ne Ho He Fis PIC 

BM1818 11 3.6909 0.2500 0.7383 0.6571 0.70  12 4.1874 0.4839 0.7737 0.3643 0.74 

BM1824 8 3.2587 0.5250 0.7019 0.2426 0.67 
 

4 1.7425 0.2581 0.4331 0.3944 0.38 

BM2113 9 5.2117 0.6750 0.8184 0.1647 0.79 
 

9 7.1450 0.6774 0.8741 0.2123 0.84 

BM6526 18 12.308 0.4500 0.9304 0.5102 0.91 
 

10 4.6650 0.5161 0.7985 0.3430 0.76 

CSSM66 6 2.9823 0.9750 0.6731 -0.4669 0.62 
 

6 1.9693 0.6452 0.5003 -0.3108 0.45 

ETH10 7 3.2226 0.2750 0.6984 0.6013 0.65 
 

6 2.3905 0.3871 0.5912 0.3345 0.53 

ETH225 7 5.2632 0.6250 0.8203 0.2284 0.78 
 

10 2.6510 0.2258 0.6330 0.6374 0.58 

HAUT27 17 8.7432 0.4000 0.8968 0.5483 0.87 
 

8 3.9547 0.6774 0.7594 0.0933 0.71 

ILSTS011 6 4.2953 0.0250 0.7769 0.9674 0.73 
 

10 3.0801 0.3226 0.6864 0.5223 0.67 

ILSTS029 11 5.8501 0.2250 0.8396 0.7286 0.82 
 

5 1.9552 0.4194 0.4966 0.1416 0.46 

ILSTS033 13 8.8889 0.4750 0.8987 0.4648 0.88 
 

6 2.8946 0.1935 0.6653 0.7043 0.60 

ILSTS044 12 3.1873 0.5500 0.6949 0.1985 0.68 
 

9 3.6128 0.4839 0.7351 0.3309 0.69 

ILSTS049 6 1.4939 0.1250 0.3348 0.6219 0.32 
 

6 3.5858 0.3548 0.7329 0.5079 0.68 

ILSTS052 17 9.0909 0.3500 0.9013 0.6067 0.88 
 

7 4.0549 0.2258 0.7657 0.7003 0.72 

INRA005 18 10.031 0.3500 0.9117 0.6112 0.89 
 

7 4.2711 0.3871 0.7784 0.4946 0.73 

INRA32 5 2.6490 0.0000 0.6304 1.0000 0.55 
 

3 1.4762 0.0000 0.3279 1.0000 0.29 

INRA63 14 5.0394 0.6000 0.8117 0.2515 0.78 
 

13 6.0063 0.4194 0.8472 0.4969 0.82 

TGLA122 13 7.4941 0.3000 0.8775 0.6538 0.85 
 

13 8.0756 0.4194 0.8905 0.5214 0.86 

TGLA126 15 6.0377 0.5000 0.8449 0.4007 0.82 
 

11 5.2228 0.5161 0.8218 0.3616 0.79 

TGLA227 10 2.7421 1.0000 0.6434 -0.5740 0.57 
 

6 3.0315 0.5161 0.6811 0.2298 0.65 

INRA023 11 8.3551 0.9750 0.8915 -0.1076 0.86 
 

11 8.0418 0.9355 0.89 -0.0683 0.87 

Mean 11.14 5.7064 0.4595 0.7778 0.4018 0.74 
 

8.19 4.0007 0.4316 0.6992 0.3725 0.65 

s.d.         4.24 2.9341 0.2854 0.1394    
 

2.91 1.9548 0.2034 0.1549   
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Achai (n = 31) Nari Master (n = 50) 

Locus na Ne Ho He Fis PIC  na ne Ho He Fis PIC 

BM1818 11 3.9629 0.5484 0.7599 0.2665 0.73  7 2.7716 0.6000 0.6457 0.0613 0.64 

BM1824 7 4.7108 0.6129 0.8006 0.2219 0.75  10 4.2553 0.5800 0.7727 0.2418 0.73 

BM2113 11 5.8066 0.8710 0.8414 -0.0522 0.82  14 5.9032 0.7000 0.8390 0.1572 0.81 

BM6526 21 11.938 0.6774 0.9313 0.2606 0.91  17 8.8496 0.7000 0.8960 0.2108 0.88 

CSSM66 7 2.0622 0.7097 0.5235 -0.3778 0.47  7 2.2957 0.8400 0.5701 -0.4883 0.51 

ETH10 11 8.0756 0.5484 0.8905 0.3741 0.86  11 4.0816 0.4200 0.7626 0.4437 0.73 

ETH225 10 2.3612 0.5161 0.5859 0.1047 0.55  10 5.7274 0.6200 0.8337 0.2488 0.81 

HAUT27 10 1.8552 0.3871 0.4685 0.1603 0.45  12 3.2852 0.5400 0.7026 0.2237 0.66 

ILSTS011 9 3.9224 0.4194 0.7573 0.4372 0.72  7 3.4317 0.3600 0.7158 0.4920 0.68 

ILSTS029 8 4.1068 0.5484 0.7689 0.2751 0.71  7 3.6284 0.1800 0.7317 0.7515 0.68 

ILSTS033 9 2.7418 0.4839 0.6457 0.2383 0.59  9 4.1288 0.5800 0.7655 0.2346 0.73 

ILSTS044 6 1.6357 0.3871 0.3950 0.0040 0.37  8 2.3585 0.2200 0.5818 0.6181 0.54 

ILSTS049 7 3.8828 0.6774 0.7546 0.0876 0.70  7 1.7325 0.2600 0.4271 0.3851 0.44 

ILSTS052 10 4.7930 0.7097 0.8043 0.1032 0.76  8 4.3328 0.4000 0.7770 0.4800 0.74 

INRA005 6 3.7248 0.5161 0.7435 0.2945 0.69  6 4.3215 0.6400 0.7764 0.1673 0.73 

INRA32 3 2.1285 0.0323 0.5389 0.9392 0.42  4 2.5100 0.0000 0.6077 1.0000 0.52 

INRA63 9 3.4631 0.5806 0.7229 0.1836 0.69  12 4.1771 0.8000 0.7683 -0.0518 0.73 

TGLA122 15 7.5968 0.7097 0.8826 0.1827 0.86  15 3.9651 0.5400 0.7554 0.2779 0.72 

TGLA126 10 5.1390 0.8710 0.8186 -0.0814 0.78  11 4.3029 0.5000 0.7754 0.3486 0.74 

TGLA227 7 3.2357 0.5161 0.7023 0.2530 0.66  13 5.3362 0.7000 0.8208 0.1386 0.79 

INRA023 15 5.8419 0.7742 0.8424 0.0659 0.80  18 11.211 0.8600 0.9200 0.0558 0.90 

Mean 9.62 4.4279 0.5760 0.7228 0.1900 0.68  10.3 4.4098 0.5257 0.7355 0.2780 0.70 

s.d.         3.84 2.4546 0.1873 0.1456    4.09 2.1937 0.2265 0.1160  
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   Holstein Freisian (n = 25)    

Locus na ne Ho He Fis PIC 

BM1818 13 9.6899 0.3600 0.9151 0.5986 0.89 

BM1824 8 5.0403 0.5200 0.8180 0.3513 0.78 

BM2113 9 5.4113 0.6400 0.8318 0.2149 0.80 

BM6526 8 3.3602 0.6000 0.7167 0.1458 0.67 

CSSM66 6 3.1095 1.0000 0.6922 -0.4740 0.64 

ETH10 8 4.3554 0.3200 0.7861 0.5846 0.74 

ETH225 8 5.2521 0.5600 0.8261 0.3083 0.79 

HAUT27 9 3.8700 0.6400 0.7567 0.1370 0.71 

ILSTS011 10 7.7160 0.1600 0.8882 0.8162 0.86 

ILSTS029 4 2.0392 0.2400 0.5200 0.5290 0.50 

ILSTS033 9 4.9407 0.6000 0.8139 0.2477 0.77 

ILSTS044 7 2.7655 0.2800 0.6514 0.5614 0.60 

ILSTS049 3 1.1292 0.0400 0.1167 0.6503 0.28 

ILSTS052 6 2.4225 0.2000 0.5992 0.6594 0.53 

INRA005 5 2.5510 0.8000 0.6204 -0.3160 0.57 

INRA32 3 2.8802 0.0000 0.6661 1.0000 0.58 

INRA63 9 2.9833 0.5600 0.6784 0.1576 0.62 

TGLA122 5 1.5337 0.1200 0.3551 0.6552 0.33 

TGLA126 7 2.6709 0.3600 0.6384 0.4246 0.60 

TGLA227 11 4.8828 1.0000 0.8114 -0.2580 0.77 

INRA023 14 7.3529 0.7200 0.8816 0.1667 0.85 

Mean 7.71 4.0932 0.4629 0.6945 0.3199 0.66 

s.d.         2.92 2.1591 0.2894 0.1889   
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Table. 6.5  Summery of parentage confirmation parameters of all 21 microsatellite markers applied 

in cattle breeds of Pakistan using Power Stat 2.1 software 

Locus Pm PD PIC PE 

BM1818 0.0640 0.9360 0.86 0.1760 

BM1824       0.0810 0.9190 0.78 0.2850 

BM2113 0.0370 0.9630 0.86 0.4580 

BM6526 0.0200 0.9800 0.93 0.3500 

CSSM66 0.0590 0.9410 0.84 0.3120 

ETH10 0.0490 0.9510 0.88 0.1330 

ETH225 0.1250 0.8750 0.72 0.2180 

HAUT27 0.1500 0.8500 0.73 0.0930 

ILSTS011 0.0840 0.9160 0.86 0.0520 

ILSTS029 0.0580 0.9420 0.89 0.0760 

ILSTS033 0.0970 0.9030 0.77 0.1910 

LSTS044 0.2200 0.7800 0.66 0.0670 

ILSTS049 0.1300 0.8700 0.75 0.2360 

ILSTS052 0.0570 0.9430 0.85 0.1940 

INRA005 0.0620 0.9380 0.82 0.2840 

INRA32 0.3240 0.6760 0.59 0.0050 

INRA63 0.1060 0.8940 0.79 0.1290 

TGLA122 0.0330 0.9670 0.91 0.2050 

TGLA126 0.0340 0.9660 0.90 0.3500 

TGLA227 0.0980 0.9020 0.82 0.2940 

INRA023 0.0870 0.9130 0.83 0.2940 

Mean 0.0940 0.9050 0.81 0.2090 

Pm: Match Probability; PD: Power of Discrimination; PIC: Polymorphic Information Content; PE:      Power of Exclusion 
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Table 6.6: Distance method: No. of different alleles (Fst) values in selected cattle breeds of 

Pakistan 

 
Sahiwa
l 

Cholistan
i 

Red 
Sindhi 

Thar 
parker Dhanni Lohani Dajal 

Bhagnar
i Achai 

 
 
Nari  
Master 

Friesia
n 

Sahiwal 0                 

 

  

Cholistani 
0.1594
1 0               

 

  

Red 
Sindhi 

0.1392
7 0.13612 0             

 

  

Tharparke
r 

0.1534
3 0.15319 0.02445 0           

 
  

Dhanni 
0.0912
2 0.13495 0.12434 

0.1478
9 0         

 

  

Lohani 
0.1130
9 0.1 0.13041 0.1312 

0.1271
7 0       

 

  

Dajal 
0.1348
7 0.19776 0.17886 

0.2040
9 

0.1692
3 

0.1821
1 0     

 
  

Bhagnari 
0.1090
6 0.15787 0.11813 0.1282 

0.1321
6 

0.1109
9 

0.1675
2 0   

 

  

Achai 
0.1032
2 0.08974 0.09467 

0.1118
5 0.1054 

0.0522
7 

0.1439
8 0.10392 0 

 
  

Nari 
Master 

0.1014
5 0.17251 0.16662 

0.1789
8 

0.1564
1 

0.1350
8 

0.1369
8 0.10203 

0.0936
9 0  

Friesian 
0.1635
2 0.20863 0.20396 

0.2200
9 

0.1956
1 

0.1795
7 

0.1233
6 0.17847 

0.1397
7 

0.1068
2 0 

6.2.3 Genetic Differentiation 

The genetic relationships between the studied breeds were calculated with Nei’s (1978) [104] 
standard genetic distance (DS). The highest value of genetic distance (0.20409) was observed 
between Tharparker and Dajal local breeds of Pakistan but overall Tharparker and Holstein Friesian 
cattle breeds were found the most distinct from each other in this study with genetic distance of 
0.22009. The lowest genetic distance 0.02445 was observed between Tharparker and Red Sindhi 
cattle breeds. The AMOVA analysis revealed that there is 14.05% variation among studied breeds 
while 85.95% variation exists within breeds. 

Table  6.7  AMOVA design and results for genetic variations in Pakistani cattle breeds   

Source of 
Variation  

d.f. Sum of 
Squares 

Variance 
components 

Percentage of variation 

Among 
Populations  

10 806.555 1.17999 14.05 

Within 
Populations  

679 4903.053 7.22099 85.95 

Total  689 5709.609 8.40098  

Fixation Index  Fst 0.14046   
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Fig 6.5 Dendrogram Based Nei's (1978) Genetic distance. UPGMA Modified from NEIGHBOR 
procedure of PHYLIP Version 3.5 

The dendrogram was constructed based on Nei's (1978) [104] genetic distance indicated that the 
Lohani and Achai cattle breeds clustered together while Cholistani cattle was also in the same 
clade. Similarly, Tharparker and Red Sindhi cattle breeds of Sindh province of Pakistan also 
clustered together. Bhagnari cattle breed of Balochistan appeared closer to Tharparker and Red 
Sindhi as geographically their breeding areas also close to each other. Dhanni and Sahiwal are 
breeds of centeral Punjab and showed their relatedness. Nari master and Holstein Friesian breeds 
appeared close to each other having Bos taurus blood in common. Dajal breed was at the bottom 
of the dandrogram being genetically most diverse breed.  

6.2.4 Microsatellite Markers Analysis 

To the best of our knowledge this was the first large scale report on the genetic diversity and 
differentiation of cattle breeds of Pakistan. The genotyping data showed the genetic variation in the 
local Pakistani cattle populations and studied breeds could be considered as divergent genetic 
entities. The ten local breeds and one exotic (Holstien Friesian) were opt for genetic diversity within 
and between them using 21 microsatellite markers. The results showed that the Pakistani cattle 
populations exhibit a comparatively high level of genetic variation as estimated by allelic diversity 
and heterozygosity. Some breeds such as Dajal (Bos indicus) and Nari Master (Bos indicus x Bos 
taurus) had the highest genetic diversity, whereas Tharparker and Red Sindhi showed the lowest 
genetic diversity between them.  

Significant correlations were found between Dajal and Nari Master, especially with allelic richness 
measure. They are genetically distinct from other Pakistani breeds and contribute significantly to 
the overall genetic diversity. Whereas the Tharparker and Red Sindhi breeds are somewhat 
isolated and raised in adjoining areas of Sindh province. So due to their remoteness from main 
cattle breeding areas and cross breeding the level of genetic diversity is least between them as 
compared to other cattle breeds of Pakistan. 

The total number of alleles per locus ranged from 10 (INRA32) to 43 (TGLA126) with a 
mean value of 22. 3333 ± 7.9771, indicating that all the microsatellite loci were sufficiently 
polymorphic and were pertinent to analyze genetic diversity. The mean number of allele (MNA) was 
significantly higher than Colombian cattle breeds 14.2 [97], Brazillian cattle breeds (MNA = 12) [39], 
Argentine and Bolivian Creole cattle breeds (MNA = 7.2) [83], Portuguese cattle breeds (MNA = 
8.3) [46], Latine America Creole cattle (MNA = 6.2) [36]. The high allelic diversity observed is 
perhaps due to no selection pressure for the development of certain traits such as draught 
characters. The Dajal breed showed high allelic diversity (11.1429 ± 4.2460) and Tharparker 
showed lowest (6.1429 ± 3.2293) with little difference among the remaining cattle breeds fluctuating 
around 8.19. However, high allelic diversity was found in Nari Master (10.2858 ± 4.0883), which is 
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hybrid cattle breed of crossed between Bhagnari (Bos indicus) and Austrailan draught master (Bos 
taurus) and Sahiwal cattle breed also showed mean value of more than 10 alleles per locus.  

Heterozygosity is an appropriate measure of genetic variability within a population when 
populations are expanding [52]. The observed heterozygosity ranged from 0.0638 (INRA32) to 
0.7478 (CSSM66) while the range for expected heterozygosity found to be renging 0.5766 
(CSSM66) to 0.9347 (BM6526) with average mean of 0.4943 ± 0.1647 and 0.8164 ± 0.0930 
respectively. Among eleven breeds the Achai breed showed highest genetic diversity 0.5760 ± 
0.1873 while lowest genetic diversity was found in Bhagnari 0.4314 ± 0.2034. Using 30 
microsatellite loci, Mateus et al., (2004) [92] found average observed heterozygosity ranging from 
0.5533 to 0.7430 in 10 native Portuguese cattle breeds, American Charolais and the Brazilian 
Caracu. Agito et al., (2007) by using 22 microsatellite markers found average observed 
heterozygosity ranging from 0.6316 ± 0.0146 (Jersey) to 0.7409 ± 0.0097 (Mocho Nacional) in 10 
Brazilian cattle breeds. Tharparker and Red Sindhi breeds showed a very similar pattern of 
heterozygosity might be of much closed demographically. Pakistani Tharparker cattle breed 
showed slightly lower heterozygosity level (0.5218 ± 0.2898) than the Indian Tharparker cattle 
breed (0.5700), also slight genetic diversity difference was observed between Pakistani Sahiwal 
(0.4810) and Indian Sahiwal cattle breed (0.4200).  

The Polymorphic Information Content (PIC) is a parameter indicative of the degree of 
informativeness of the microsatellite markers. The PIC of the polymorphic loci ranged from 0.59 
(INRA32) to 0.93 (BM6526) with mean value 0.81. According to the selection standard, 
microsatellite markers ought to have at least 4 alleles to be considered useful to evaluate the 
genetic diversity. Dajal breed showed the highest average PIC value (0.74) and the Tharparker 
breed showed lowest (0.59). These findings are in accordance with the findings of Agito et al., 
(2007), who used 22 microsatellite markers and obtained PIC mean value 0.74.  

Two Pakistani breeds, Tharparker and Red Sindhi showed the lowest inbreeding coefficient (FIS) 
among all eleven studied cattle breeds. The dispersion of these populations in the Thar Desert 
region of Sindh with very harsh environmental conditions followed the human migration to these 
areas. There exist a mild directional selective pressure and cross breeding between both breeds; 
most expected have formed the current genetic diversity status of these breeds.  

The highest values of FIS were seen for Sahiwal, Dhani, Bhagnari and Dajal. This result 
may be result of non-random mating within population and might reflects the further intense 
reproductive management and finally the use of a relatively small number of high value bulls as 
semen donors in assisted reproduction practices. Home tract of these breeds are also far away 
from each other.   

In addition, the partitioning of genetic variation from AMOVA also showed that the foremost 
amount of genetic variation was always found among individuals within breeds, revealed that 14.6 
% of genetic variation was accounted for by differences among populations and 85.4 % was within 
populations. Significant genetic differentiation was observed among all eleven breeds estimated by 
Fst = 0.14046. The estimated FST value in eleven Pakistani cattle breeds was higher than 
Portuguese taurine local breeds (0.089) [92], Iberian and French breeds (0.07) [23, 64] European 
taurine breeds (0.112) [86], Nouthern European breeds (0.107) [65], Belgian cattle breeds (0.035) 
[96], Zebuine African cattle breeds (0.06) [59] and Brazilian Creole cattle breeds (0.098) [39]. It 
could be interesting that the overall value estimated of Fst for 21 microsatellite markers used for 
eleven breeds were significantly high and are useful indicators of markers that could be powerful 
tools for genetic differentiation of different breeds.   
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Table 6.8 Mitochondrial D-Loop primers for Sahiwal & Cholistani Breeds based on NC006853  

Primer Name Sequence 5'-3' 
 

Product Length 

MtDC1  (F) 

ACTCAAGGAAGAAACTGC 532bp 

MtDC1  (R) 

ATTCATTGGATAGCGACC 

MtDC2  (F) 

AGCTTAATTACCATGCCGCG 580bp 

MtDC2  (R) 

TTTCAGTGCCTTGCTTTGGG 

 

6.2.5 Phylogenetic Tree of Sahiwal & Cholistani Cattle Breeds 

Following figure shows the curved view of the tree representing that the haplotypes are closely 
related with each other as well as other breeds of Bos indicus of Pakistan and the rest of the world. 
The breeds under study were found to be distant from B.taurus. The NJ tree also shows that 
different cattle breeds collected worldwide are all convergent and both the breeds under study are 
intermingled. 

 

Figure 6.6 Neighbour Joining Tree of Pakistani cattle breeds based on mt D-loop sequences 
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6.2.6 Primer for Mitochonrial Cytochrome b 

Specific primers were designed for cattle cytochrome b gene (GenBank, NCBI Accession 
no JN817351) using the Primer3 software v. 0.4.0 [133].  

Table 6.9 Mitochondrial cytochrom b gene primers for Pakistani cattle breeds 

Primer Name 5’- 3’ Sequence Product size 

mtCytb-F CGAAAGTCCCACCCACTAAT 
367 bp 

mtCytb-R TCCTCATGGTAGGACGTATCC 

  

Submission of Cytochrom b gene sequences to GenBank sequence database of NCBI. 

All the sequences/haplotypes of partial mitochondrial cytochrome b gene (336 bp) of 
Pakistani cattle breeds were submitted to GenBank sequence database of National Centre for 
Biotechnology Information (www. ncbi.nlm.nih.gov) and the accession numbers were received for 
all submitted sequences. 
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Table 6.10 The nucleotide changes in Cytochrome b sequences of Pakistani cattle breeds and the 
amino acid changes. Shaded changes are found typically in taurine cattle 

Position 93 196 161 280 312 318 331 345 384 

Consensusindicine G G T T T T G C C 

Consensus taurine A G T T C T G T T 

Amino Acid Change  V→I     E→K   

Lohani 8 A    C   T T 

Lohani 11 A    C   T T 

Nari Master 3 A         

Nari Master 4 A    C   T  

Nari Master 6 A    C   T T 

Nari Master 9 A    C   T T 

Nari Master 11 A    C   T T 

Nari Master 22 A  C  C   T T 

Dajal 20  A        

Dahnni 1    C      

Dahnni 2    C      

Achai 7      C    

Achai 10      C    

Dajal 16      C    

Nari Master 14      C    

Red Sindhi 2023      C    

Red Sindhi 2038      C    

Tharparker 1909      C    

Sahiwal 1      C    

Sahiwal 2      C    

Sahiwal 3      C    

Dahnni 1      C    

Dahnni 2      C    

Cholistani 3       A   

Cholistani 4       A   

Achai 3         G* 

* Change C→G in Achai 3 produces a change F→L in the amino acid sequence. 
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Table 6.11: Estimates of evolutionary divergence of Pakistani cattle breeds over sequence pairs 

between groups. 
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Other B. 
indicus 

0.001            

Achai 0.001 0.001           

Bhagnari 0.000 0.001 0.000          

Cholistani 0.001 0.001 0.000 0.001         

Dajal 0.001 0.001 0.001 0.001 0.001        

Lohani 0.002 0.002 0.001 0.002 0.002 0.003       

NariMaster 0.005 0.006 0.005 0.006 0.006 0.005 0.007      

RedSindhi 0.001 0.001 0.000 0.001 0.001 0.002 0.005 0.001     

Tharparker 0.000 0.001 0.000 0.001 0.001 0.002 0.005 0.000 0.000    

Sahiwal 0.003 0.003 0.003 0.003 0.003 0.004 0.008 0.003 0.003 0.000   

Dhanni 0.006 0.006 0.006 0.006 0.006 0.007 0.011 0.006 0.006 0.003 0.000  

Other B. 
Taurus 

0.014 0.014 0.013 0.014 0.014 0.012 0.009 0.014 0.014 0.017 0.020 0.003 

 

The number of base substitutions per site from averaging over all sequence pairs within each group 
is shown. The diagonal bold faced numbers show the mean inter populational evolutionary diversity 
estimates. 
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Figure 6.7 Phylogenetic Tree (UPGMA Method) by MEGA 5.1 (Circular view) of Pakistani cattle 
breeds based on mt cytochrome b gene sequences 

 

 The D-loop is a hypervariable region, total twenty haplotypes were discovered having 52 
polymorphic sites. 45 transitions observed while 07 transversion mutations were observed. In the 
selected Cholistani population, only two transversions were found and collectively 20 SNPs were 
detected. In Sahiwal samples, 32 polymorphic sites were detected out of which 29 transitions were 
observed and 2 transversions were detected. One insertion was observed in both the cattle breeds, 
i.e. at positions 695 and 863 in Sahiwal and Cholistani respectively. 

 In this study Neighbour Joining Tree is constructed with the help of software MEGA 5.1, 
Minimum Evolutionary Method. The tree was constructed by applying Bos taurus and Bos indicus 
haplotypes habitating in sub continent Indo Pak (accession Nos.JF825058, L27722, GQ166732 
and EF654024) and comparing them with the haplotypes obtained from breeds under study. 
Different other species of Bos taurus and B.P. indicus from USA (Shorthorn, Herford), Nepal (Lulu) 
and Newzealand (Newzealand Jersey) were also selected for analysis. 

 The tree reveals that the breeds under study are closely related to Bos Taurus and Bos 
indicus from Newzealand and Bhutanese cattle. They were also closely related to Bos tarus of 



143 
 

Pakistan. Whereas, most of the haplotypes were found closely related with Brahman cattle China. 
Results showed that Bos indicus of Pakistan is close relative to Bos taurus indicating that they are 
genetically same. 

Not only cattle, but Neighbor Joining tree was also constructed using haplotypes from other 
animals i.e. Equus caballus breed mangolian (China) accession # JN224866.1, Marwari (India) 
accession # HE572614.2, Pottoka haplotype (Portugal) accession # HQ827158.1 and Jaca 
Navarra haplotype (Portugal) GenBank: HQ827112.1. Results showed that these cattle breeds 
(Sahiwal and Cholistani) have very distant relationship with these haplotypes from horse that 
means they are genetically different. It was clear from the tree that haplotypes taken from camel 
(Mewariharyana, India EF654024.1; Kutchi, haryana, India EF654016.1; Jaiselmeri, haryana, India 
EF654010.1; Bikaneri, haryana, India EF654001.1) have again distant relation with these cattle. 

 The comparison between results and buffalo showed two clades: Bos indicus of Pakistan 
and Asia fall in one clade and Bubalus bubalis fall in other clade indicating that both clades are 
genetically different.                

Polymorphic incidence in case of sheep is 1.83 percent for 1181 bp long control region [161], in 
Homo sapiens <3% [108], in Chinese cattle 4.6% [21] and in this study (Bos indicus of Pakistan) it 
is 1.3%. 

Aurochs are thought to be the parents of cattle species, humpless taurine (B. taurus) and 
humped zebu (B. indicus). The evolution took place through a domestication event that occurred 
8000–10,000 YBP [42, 43, 85]. However, the investigation of the sequence data of mitochondrial 
DNA (mtDNA) hypervariable region revealed that taurine and zebu cattle diverged 200,000–
1,000,000 years BP and domestications of taurine and zebu cattle were two independent events 
that occurred separately 8000–10,000 YBP. [117, 84]. Many existing breeds in both B.taurus and 
B. indicus cattle should be variants of these subspecies. Cattle are one of the most economically 
important domestic animals in China as well as in other parts of the world. The origin, genetic 
diversity, conservation, and sustainable utilization of this species have received close attention for 
a long time. The examination of variation in mitochondrial DNA (mtDNA) control region sequences 
has been shown to be very useful in elucidating the origin and diversity of modern cattle 
populations. 

The origin and phylogenetic relationships of Chinese cattle are much more complicated, 
with the speculation that they might originate from Bostaurus, Bos indicus, Bosjavanicus (banteng) 
and even Bos (Bibos) gaurus [26]. The phylogenetic pattern of Chinese cattle suggested that B. 
indicus contributed more to the cattle from south and southwest China. The genetic diversity of 
Chinese cattle varied among the breeds studied. 

Few studies proved the existence of Tibetan zebu and even its origin, but Tibet is very important 
for the distribution and origin of Chinese zebu [63].There are 28 cattle breeds and many local cattle 
populations distributed in China [123]. 

In Dairy cattle extensive mtDNA diversity has been found but in case of beef cattle mtDNA 
diversity has been less commonly reported [148]. 

Zebu mtDNA dominated in the southern breeds. [24] proposed that the taurine (Bos taurus) 
probably had more influence on cattle breeds of the northern group than the zebu (Bos indicus) 
did, while the zebu probably had more influence on the southern group,  the taurine and zebu both 
contributed genes to the formation of cattle breeds from the central group in paternal lineages. Most 
modern domestic cattle are believed to originate from now extinct aurochs, Bos primigenius and 
the native cattle breeds of North Eastern Asia (Mongolia, North China, Korea, and Japan) may 
have been locally domesticated from an eastern Eurasian strain of Bos primigenius [89]. Some 
western scientists held the view that Chinese native cattle are admixtures of Bos taurus and Bos 
indicus [119, 116]. Indeed, the investigation of mtDNA D-loop diversity revealed that Chinese cattle 
converged into two main lineages: Bos taurus and Bos indicus, which was consistent with the 
viewpoints of Lai et al. (2006) and [78]. The earliest domestic cattle in North China were the 
progenies of the Longhorn of Bos taurus from West Europe, which were distinguished from 
bachryseros and primigenius of Bos taurus, and appeared between 3766 and 3122 years B.P. with 
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the introgression of Mongolian into the huge and extensive areas to the north of the Great Wall 
[123, 26,116]. These taurine cattle gradually adapted to the local environmental conditions and 
expanded southward but the Qinling mountains and temperature weather constituted the natural 
barriers to their expansion. The lower percentages of zebu mtDNA introgression in Mongolian cattle 
resulted from the import of zebu during the Mongol Empire era [89] and this indicine introgression 
be originated from the introduction of zebu cattle from North Africa and the hybridization between 
African zebu and indigenous taurine cattle through the Silk Road of ancient China [27, 20]. The 
humped zebu (Bos indicus) inhabited the vast and huge areas of the Yangtze River and the 
Zhujiang River as early as 7500–5500 years B.P [26]. After being gradually introduced from the 
domestication area (probably in South Asia), the zebu cattle adapted to the environmental weather 
conditions of South China, which is geographically closer to South Asia. Consequently the 
population size of zebu gradually expanded and dispersed towards north but the Qinling Mountains 
and temperature weather also constituted the main natural barriers to their northward expansion. 
In this sense, the predominantly higher percentages of zebu (62.5%) detected in the southern group 
agreed with the massive distribution of zebu in South China. Most southern breeds (WNC, LP, MN, 
YN, LZ and JA) examined converged together due to the contribution from zebu. According to work 
done, the origin of cattle is from South Asia and then migrated to North Asia but the descendents 
of cattle are also present in India while Chinese cattle was also considered to be originated from 
Bos taurus. 

6.2.7 Mitochondrial Cytochrome b Gene Analysis 

 Domestic cattles are generally considered to be derived from two major subspecies, Bos 
taurus and Bos indicus. It is suggested that these two subspecies contributed independently to 
modern domestic cattle and were domesticated separately 8,000-10,000 years ago [117, 84]. There 
is a possibility that the origin of the Asian cattle is much more complicated; namely, the population 
may have genes introgressed from other Bovina species such as B. (Bibos) javanicus, B. (Bibos) 
gaurus or B. (Poephagus) grunniens. Therefore, these species are suggested as a third source of 
Asian cattle [100, 68, 71, 164]. 

It has been previously documented that mitochondrial DNA (mtDNA) haplotypes specific 
for each subspecies exist in native Asian cattle populations [159, 15, 71, 72, 20] and these findings 
are in line with the results of present investigation. Gene flow has been suggested from taurine 
cattle into Asian zebu populations, as an unusual pattern of introgression [101, 100, 4, 68, 71, 20, 
21]. Currently, there is more evidence to show that the origin of the Asian cattle populations have 
genes introgressed from Bos taurus and other Bos species [164,72,21] such as the Bangladesh 
and Nepal cattle, which have mixed bred taurus/indicus mtDNA and SRY genotypes, as well as 
Indonesian and Nepali cattle showing mixed bred Bali/indicus and yak/indicus, respectively [72]. 

The results of present study showed a very distinctive pattern of cytochrome b gene for 
each of Bos taurus and Bos indicus in the Pakistani cattle breeds. This gene was used to study the 
genetic differentiation among 18 breeds of cattle from China, successfully identifying the taurine, 
indicine or hybrid origin, showing a declining south-to-north gradient of female zebu introgression 
and a geographical hybrid zone of Bos taurus and Bos indicus in China [20,21]. Higher nucleotide 
diversity in the taurine cattle than in the indicine cattle was found in the Chinese breeds. In addition, 
Ripamonte et al., (2012) found that the zebu (Nellore) cattle in Brazil showed large influence of 
taurine mitochondrial DNA. We also found a low degree of introgression from taurine mtDNA into 
indicine but only in the Lohani breed. 

In conclusion the panel of 21 microsatellite markers studied in Pakistani cattle breeds 
proved to be polymorphic and highly useful for parentage conformation in studied cattle breeds of 
Pakistan. This panel can be used in different typs of forensic cases as well. The cytochrome b gene 
sequences also showed distinct pattern and single nucleotide polymorphisms specific to Bos 
indicus from Pakistan. All the indicine cattle showed sequences almost identical. In addition, cattle 
sequences were significantly different from Bison bonasus, Bos javanicus, Bos grunniens and 
Bubalus bubalis, as well as the sequences of Ovis aries and Capra hircus. 
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6.2.8  DGAT1 Gene (Bos taurus) 

DGAT1 primers for cattle from (GeneBank Accession no. AY065621: Bos Taurus sequence) were 
designed by u sing software Primer3 at http://frodo.wi.mit.edu/ [132].  

Table 6.12 DGAT1 Gene Primers for Pakistani cattle breeds 
 

Primer 
Pairs 

Primer Sequence 
5’ → 3’ 

Product 
Size 

Forward ACGGCAGTGGCGTAGTAGA 357 

Reverse 

CGTATCAGGGGTCAAAGGTT 

 

Forward ACCAGCTCCTGTGGCACT 344 

Reverse CACAGAGCTCCATTCACCAC  

Forward AGAGCTTGGCGTGAGGTC 356 

Reverse CACCCAGCTCACCAATGA  

Forward GTATGGCATCCTGGTGGAC 291 

Reverse TAAGCCCGACTGGTAAGGAC  

Forward AGGGAGGTCCTCTGACCA 313 

Reverse GGTAGGAGAACAGCTTGAGGA  

Forward GGCCTTTCTCCTCGAGTCTA 346 

Reverse CTTACCTGCCAAAGCTACGA  

Forward GGGACGTCAACCTCTGGT 324 

Reverse GGGGCGAAGAGGAAGTAGTA  

Forward TACCCCGACAACCTGACC 393 

Reverse AGAGTCAGCTCCCCAACG  

Forward CTTCCTTCCCCAGCTGTTC 390 

Reverse ATGAGCCAGATGAGGTGGTT  

Forward CATGGACTACTCCCGCATC 375 

Reverse CCACTTGTGAACAGGGATGT  

Forward AGGAACTCCGAGTCCATCAC 332 

Reverse ACCAGGTACTGAGGGGAGAG  

Forward CCTTCTTCCACGAGGTCAGT 225 

Reverse GACACAGGACGGGAGTGAG  

Forward TCAGTACCTGGTGAGCATCC 373 

Reverse TTGGGGCAGGCTCTAGTC  

      

http://frodo.wi.mit.edu/
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6.2.9 Prolactin Gene  

The Bovine Prolactin (bPRL) is found on chromosome 23 in the bovine genome [51]. The bPRL 
gene is about 10 kb in size and comprises 5 exons and 4 introns [22]. This gene encodes 199 
amino acid polypeptide chains with a molecular weight of 23 K.Da [157].  

6.2.9.1 Prolactin Gene Polymorphism 

The gene coding for bovine prolactin was shown to exist as a single copy per haploid genome. 
Three restriction fragment polymorphisms were detected in the prolactin gene by Southern blotting 
of DNA obtained from eight breeds [22]. Using RFLP technique extended the restriction map for 
the genomic region including the growth hormone gene. Two RFLPs at the growth hormone locus, 
as well as several RFLPs at the prolactin gene, indicated the possibility that minor genomic 
variability underlies quantitative genetic variation [50]. Using isolated clone from the bovine pituitary 
cDNA library by hybridization with prolactin-specific probe and found that the rearrangement of 
cDNA took place in the process of cloning [126]. A silent A/G mutation was detected in bovine PRL, 
exon 3, which can be digested by RsaI enzyme using RFLP [80]. Two alleles of the bovine Prolactin 
gene were detected from single-stranded conformational polymorphism (SSCP) analysis of 
polymerase chain reaction (PCR) product [167]. This gene was studied in three cattle breeds 
(Holstein Friesian, Sahiwal and Dhanni). 

Table 6.13 Primers of Prolactin Gene study in Pakistani cattle breeds 

Primer Primer Sequence   (  5' →  3' ) Length 

PRLC-F1 GATGACTGGCAAAAGGGAAG 20 

PRLC -R1 CAAATTAATGCCCCCATTG 19 

PRLC -F2 TGCTAACCTTGGGCTAATACATC 19 

PRLC -R2 GTGTTCTTTGAAGTTTGGCTGA 19 

PRLC -F3 TGACAAGCAACTGTTTTCAGAG 22 

PRLC -R3 AATAACCTGAAGCCTGGTGAC 21 

PRLC -F4 AGGTCAATCACTCTGAGCAAAA 22 

PRLC -R4 AGGCCTGAATTGTGTTCTTGT 21 

PRLC -F5 TACACTGGCTCCAAAATCCA 20 

PRLC -R5 TGGGCTTAGCAGTTGTTGTT 20 

PRLC -F6 CTGCTTTTTATAACCTGCTCCA 22 

PRLC -R6 GGTCTTTGTAATGTCAGTTTCTGC 24 

6.2.10 POU1FI Primer in Cattle 

Using Exon Prime Intronic Centre (EPIC) technique six primer sets (one for each exon) were 
designed for cattle (GeneBank Accession no. NC_007299, Bos Taurus chromosome # 01, whole 
genome shotgun sequence) by “Primer3” software (http/www.primer3.com). BLAST was performed 
for all these primers against the whole cattle genome to check non-specific binding at any other 
loci. From UCSC genome browser (http://genome.ucsc.edu/) In silico PCR 
(http://genome.ucsc.edu/cgi-bin/hgPcr) also was performed to check the primer specificity. The 
products of primers were also cross checked with BLAT (http://genome.ucsc.edu/cgi-
bin/hgBlat?command=start&org=Human&db=hg19&hgsid=197675645) 

 

 

 

 

 

http://genome.ucsc.edu/cgi-bin/hgBlat?command=start&org=Human&db=hg19&hgsid=197675645
http://genome.ucsc.edu/cgi-bin/hgBlat?command=start&org=Human&db=hg19&hgsid=197675645
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Table 6.14 POU1F1 Gene Primers used on Pakistani cattle breeds 

Primer Name 5’-3’ Sequence Product Size 

POU F1 CCTGCAGTATAAATACCAG  

549 POU R1 CAGACTCACTGTTTACTTG 

POU F2 GGGAAAAATGTCAACCCCT  

475 POU R2 GAAGGCGTTACAGATCAGG 

POU F3 TAGAACTGAGACTGGCTGTC  

424 POU R3 GTCTTAGACTTCTGAGCAGC 

POU F4 TGGCAGATGTTCCTATCTGA  

579 POU R4 GGCCTTGCTTTTCTTCATAG 

POU F5 GCTGGCTAAAGAGCAAGATT  

580 POU R5 CTTGCAGAGCAAAACTGTTC 

POU F6 GATTTTGATGGGCCTAAACC  

624 
POU R6 CAGCCTTTGGGAAAAGAATC 

 

6.2.11 DGAT I gene 

After amplification the sequencing PCR was performed on the sample of selected cattle breeds. 
Sequencing results were aligned by using software blast2sequence for detection of single 
nucleotide polymorphisms in the DNA sequence. 

Analysis of sequences of DGAT 1 revealed that 7 transitions and 1 transvertion mutations 
were detected. A dinucleotide substitution AA→GC in exon VIII of DGAT1 was detected only in 
Hostlein Fresian animals out of total three breeds of cattle. Other five SNPs were detected in non-
coding region. 

 

Figure 6.8 Sequence results of DGAT I gene in Pakistani cattle 
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6.2.11.1   Restriction Fragment Length Polymorphism Amplification of DGAT Ex.VIII 

A fragment of 381bp of the DGAT1 gene was amplified for each sample. 

                                                       1   2     3   4     5   6    L   +c   -c   

                                                                        

       

      

 

 

 

 

 

Figure 6.9 Gel Electrophoresis of PCR products. Lanes 2, 3, 4, 5, 6 showing amplification of 
required product, Lane 1- Negative control for DNA, Lane 8- Negative control for primer 

 

6.2.11.2 Restriction Digestion 

The K232A polymorphism in DGAT1 gene was detected by the Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-RFLP) technique. For that, amplified DNA was 
digested with Citrobacter freundi RFL1 (CfrI) restriction enzyme. After restriction digestion, products 
of samples were visualized in 2% agarose gel stained with ethidium bromide. Amplified products 
remained uncut (381bp) in all samples of Sahiwal and Dhanni breeds which showed that these 
animals had K allele while A allele was absent. Restriction enzyme would cut 381 bp products into 
200 bp and 181 bp if A allele would present.  
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     1         2       3          4        5        6       7        L        9         10     11     12      13      14 

  

            Samples of Sahiwal breed                          Samples of Dhanni breed 

Figure 6.10 Gel Electrophoresis after Restriction digestion (Lanes 1-7 showing samples of Sahiwal 
breed, Lanes 9-14 showing samples of Dhanni breed, Lane 8 showing 50bp DNA marker.  Size of 
1st band is 50bp, 2nd 100bp, 3rd 150bp, 4th 200bp, 5th 250bp, 6th 300bp, 7th 400 bp). 

a) Results of Sahiwal Breed 

6.2.12  POU1F1 Gene characteristics 

The genetic characterization of POU1F1 gene to identify SNPs as genetic markers for milk 
production traits in cattle breeds. A total of 120 samples from Sahiwal, Holstein fresian, Red Sindhi 
and Dhanni cattle were sequenced for six exons of the gene by using six sets of primers. 

The sequences of the amplified POU1F1 fragments were aligned with the help of software 
blast2sequence and following SNPs were observed. 

Total 27 polymorphic sites were identified in the four breeds. Out of these SNPs, 8 were in exonic 
region and others in intronic region. The SNPs found in the exonic regions were synonymous and 
non- synonymous. 
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Table 6.17: POU1F1 SNPs in Holstein Fresian, Sahiwal and Dhanni cattle breed 

Primer Query 
Holstein 
Fresian Sahiwal Dhani Remarks 

Codon 
change 

A.A. 
Remarks 

(mutation) 

POU1F1-
1 

---- No SNP No SNP 
No 
SNP 

-----    

POU1F1-
2 

---- - -      

POU1F1-
3 

10760 - G>A -- Intronic    

10822 T>C - - Exonic   Synonymous 

10863 A>G - - Exonic TCA>TCG Ser>Ser Synonymous 

10880 - C>A - Exonic GCT>GAT A>D 
Non-
Snynoymous 

POU1F1-
4 

13270 T>A T>A - Intronic 
   

POU1F1-
5 

14210 NO C>A - 
Intronic 

   

14334 
- 

- 
T>G 

Intronic  
 

 

14358 T>G T>G  Intronic 
   

14365 
G>C 

G>C 
G>C 

Intronic    

14370 
A>C 

A>C 
- 

Intronic    

14373 
G>C 

G>C 
G>C 

Intronic    

14385 G>A 
G>A 

- Exonic GAG>AAG 
E>K 

Non-
Snynoymous 

14387 
G>A 

G>A 
- 

Exonic GAG>GAA E>E Snynoymous 

14391 
- 

- 
G>T 

Exonic GTT>TTT V>F 
Non-
Snynoymous 

14407 
- 

- 
G>A 

Exonic AGA>AAA R>K 
Non-
Snynoymous 

14422 
- 

- 
G>A 

Exonic AGA>AAA R>K 
Non-
Snynoymous 

14447 
G>A 

G>A 
G>A 

Intronic    

14455 
G>A 

G>A 
G>A 

Intronic    

14461 
- 

- 
G>T 

Intronic    

14469 
G>A 

G>A 
- 

Intronic    

14514 
G>T 

- 
- 

Intronic    

14551 
G>A 

G>A 
- 

Intronic    

14594 
G>A 

G>A 
G>A 

Intronic    

 



151 
 

6.2.13    Prolactin Gene Orientation  

Gene: Bovine Prolactin – Bos indicus (bPRL) 

Refrence Sequence: Hereford Cow/Cattle (NCBI Gene ID: NW_001494181) 

Exons : 1,2,3,4 & 5.  

Primers: PrlC  1,2,3,4,5 & 6. 

 

Figure 6.11 Sequence results of prolactin gene in Pakistani cattle 

The sequence results of sahiwal cattle breed were aligned and analyzed by using Blast2 
Sequence NCBI tool.  
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Table 6.18 Prolactin gene SNPs found in Sahiwal cattle breed 

bPRL Nucleotide 
No. 

Exon 
Primer 
Name 

Reference 
Base 

Nucleotide 
Base (SNP) 

Exonic/ 
Intronic 

Codon Change 

2782 2 
PrlC2F 
PrlC2R 

T C Intronic TAG>CAG 

7459 4 
PrlC4F 
PrlC4R 

T C Intronic TTG>CTG 

7529 4 
PrlC4F 
PrlC4R 

C G Exonic TCT>TGT  

7550 4 
PrlC4F 
PrlC4R 

G A Exonic TGC>TAC 

7662 4 
PrlC4F 
PrlC4R 

T C Intronic GCT>GCC 

7685 4 
PrlC4F 
PrlC4R 

T C Intronic TTT>TCTX 

8169 5 
PrlC5F 
PrlC5R 

G A Intronic AAG>AAA 

8213 5 
PrlC5F 
PrlC5R 

A T 

Intronic 

AAT>ATT 

8234 5 
PrlC5F 
PrlC5R 

T A 

Intronic 

CTA>CAA 

8261 5 
PrlC5F 
PrlC5R 

A G 

Intronic 

CAT>CGT 

8283 5 
PrlC5F 
PrlC5R 

T A 

Exonic 

GTG>GTA 

8447 5 
PrlC5F 
PrlC5R 

G A 

Exonic 

 CTG>CAA 

8488 5 
PrlC6F 
PrlC6R 

A T 

Intronic 

ATC>TTC 
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Table 6.19 Prolactin gene SNPs found in Holstein Friesian cattle breed 

 

  Table 6.20 Prolactin gene SNPs found in Dhani cattle breed 

bPRL 
Nucleotide No. 

Exon 
Primer 

Name 

Referenc
e Base 

Nucleotide 

Base (SNP) 

Exonic/ 
Intronic 

Codon 
Change 

8169 5 
PrlC5F 

PrlC5R 
G A Intronic AAG>AAA 

8213 5 
PrlC5F 

PrlC5R 
A T Intronic AAT>ATT 

8234 5 
PrlC5F 

PrlC5R 
T A Intronic CTA>CAA 

8261 5 
PrlC5F 

PrlC5R 
A G Intronic CAT>CGT 

8274 5 
PrlC5F 

PrlC5R 
T A Intronic GAT>GAA 

8283 5 
PrlC5F 

PrlC5R 
T A Exonic GTG>GTA 

8447 5 
PrlC5F 

PrlC5R 
G A Exonic  CTG>CAA 

 

 

bPRL 
Nucleotide No. 

Exon 
Primer 

Name 

Reference 
Base 

Nucleotide 

Base (SNP) 

Exonic/ 
Intronic 

Codon 
Change 

7394 4 
PrlC4F 

PrlC4R 
A C Intronic CAC>CCC 

8370   5 
PrlC5F 

PrlC5R 
T  C Exonic TCT>TCC 

8447 5 
PrlC5F 

PrlC5R 
G A Exonic AGA>AAA 
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Table 6.21 Prolactin gene SNPs found in Red-Sindhi cattle breed 

bPRL 
Nucleotide No. 

Exon 
Primer 

Name 

Reference 
Base 

Nucleotide 

Base (SNP) 

Exonic/ 
Intronic 

Codon 
Change 

8213 5 
PrlC5F 

PrlC5R 
A T Intronic AAT>ATT 

8234 5 
PrlC5F 

PrlC5R 
T A Intronic CTA>CAA  

8261 5 
PrlC5F 

PrlC5R 
A G Intronic CAT>CGT 

8283 5 
PrlC5F 

PrlC5R 
T A Exonic GTT>GTA 

8370 5 
PrlC5F 

PrlC5R 
T C Exonic TCT>TCC 

8447 5 
PrlC5F 

PrlC5R 
G A Exonic AGA>AAA 

 

6.2.14 DISCUSSION 

This study was conducted to identify K232A (Lysine232→Alanine) polymorphism in DGAT1 gene 
in Pakistani cattle breeds and Hostlian fresian to find relationship between production (milk 
pruduction) and K232A polymorphism. In accordance with previous studies, the most pronounced 
effects were found for fat and protein percentages and milk yield; and the K variant was associated 
with an increase in milk fat and protein percentages but less milk yield compared with the A variant. 
Less pronounced effects were found for yields of fat and protein for which the K variant was 
associated with greater fat yield but less protein yield. K allele appears to be ancestral allele [49, 
160]. The K232A substitution most likely occurred after the separation of the Bos indicus and Bos 
taurus lineage over 200,000 years ago [84] 

In the present study, DGAT1 gene three breeds Holstein Friesian, Sahiwal and Dhanni were 
selected and sequence results showed that the only exotic cattle breed Holstein Friesian has the 
K232A polymorphism. The two Pakistani cattle breeds Sahiwal and Dhanni showed no substitution 
at this position. Similar results were obtained when DNA samples genotyped of different Bos taurus 
and Bos indicus cattle breeds from different countries to examine the occurrence of the DGAT1 
polymorphism, characterized the K232A substitution in cattle breeds of different origins and 
selected for different purposes (e.g., beef, dairy and dual purpose). Presence of Alanine 
polymorphism in DGAT1 gene was found in some Bos taurus breeds and presence of Lysine (K) 
polymorphism in DGAT1 gene in one Bos indicus breed. While beef breeds tended to harbor higher 
levels of Alanine polymorphism, dairy cattle showed from very low levels of Lysine polymorphism 
to unexpectedly high frequencies of this allele [66]. 

DGAT1 encodes diacylglycerol O-acyltransferase, a microsomal enzyme that catalyzes the final 
and presumably rate-limiting step of triglyceride synthesis [93]. In dairy cattle several studies have 
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evidenced the presence of an important Quantitative trait loci (QTL) in the centromeric region of 
Bovine chromosome 14 affecting mainly milk fat content (fat yield and fat percentage) but also other 
correlated traits, such as milk yield and milk protein content (protein yield and protein percentage) 
[45, 6, 13, 47, 160] have shown that a missense mutation, causing a lysine to alanine substitution 
at position 232 of DGAT 1 gene. The A-A to G-C dinucleotide substitution in exon VIII of DGAT1, 
which gives rise to an amino acid substitution from lysine (K) to alanine (A), was postulated to be 
the causative mutation 

Animals of Sahiwal and Dhanni breed were genotyped for K232A polymorphism by using 
Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) technique. 
Results of restriction digestion were confirmed by sequencing. These are the Bos indicus cattle 
breeds. Blood samples were collected from the home tract of these breeds. Blood samples along 
with production record and body measurements like udder size, teat size, tail size, body length, 
animal height, girth of Sahiwal breed were taken from Jahangirabad farm and of Dhanni breed were 
taken from BLPRI Kharimurat farm Attock. DNA extraction was done by organic method by using 
Phenol Chloroform Isoamyl Alcohol (PCI) [136]. 

Primers with different product size were used in previous studies [139, 102, 76]. In the previous 
studies different thermo cycler condition was used [139, 102, 76]. In the present study restriction 
digestion was done by Citrobacter freundi RFL1 (CfrI) endonuclease. After restriction digestion 
product was visualized in 2% agarose gel stain with ethidium bromide, similar method was used by 
[155]. From the data analysis, it was observed that all the animals of Sahiwal and Dhanni breeds 
had K allele and no A allele was identified. It has been shown that a missense mutation (Lys232 → 
Ala) in the bovine DGAT1 gene in Pakistan cattle breeds is not common. Results of DGAT1 gene 
study matches with the finding of Winter et al. (2002), who identified fixation of K allele in three 
Indian Bos indicus cattle breeds. 

In present study fixation of K allele was observed in two Pakistani cattle breeds Sahiwal and 
Dhanni. They performed PCR-RFLP for detection of allelic frequency in DGAT1 gene is used in 
present study. Primers with different product size were used. Restriction digestion was done by 
Citrobacter freundi RFL1 (CfrI) endonuclease. In the present study results of restriction digestion 
were confirmed with sequencing. Similar results were reported by Kaupe et al. (2004). They found 
fixation of K allele in one Bos indicus cattle breed (Nellore) and no A allele was identified. They 
used PCR-RFLP technique for genotyping as used in present study. Primers produced fragment of 
411 bp and the product amplified by the primers in this study was 381 bp. Restriction digestion was 
done by Citrobacter freundi RFL1 (CfrI) restriction enzyme. 

In the present study after restriction digestion results were confirmed by sequencing. These results 
match with the results of Lecorte et al. (2006) who observed similar results in Nellore and Guzerat 
animals which are the Brazilian cattle breeds. They identified K allele in all animals of these breeds 
and A allele was not found in Nellore and Guzerat samples. They used (PCR-RFLP) technique and 
the primers used by them for genotyping had product size 411bp and in the present study primers 
used had product size 381bp. They used Citrobacter freundi RFL1 (CfrI) restriction enzyme for 
restriction digestion as in present study. In the current study, sequencing was also done to confirm 
the results of restriction digestion. Scotti et al. (2009) identified high frequency of K allele in Italian 
Holstien, Raggiana and very low frequency in Italian Simmental, Valdostana Red Pied and 
Rendena. 

In Italian Brown and Modense, this allele was not detected. Genotyping was done by PCR-RFLP. 
Sequencing was carried out to confirm results of the genotyping protocol. They used primers for 
genotyping with product size of 254bp. Primers used in present study produce fragment of 381 bp. 
Product was digested with Citrobacter freundi RFL1 (CfrI) endonuclease.  Sequencing was also 
carried out to confirm results of the genotyping protocol. This is primary study on DGAT1 gene 
allele frequency distribution in Pakistani cattle breeds. One of the major concern is to identify K232A 
polymorphism in Pakistani cattle population and to establish relationship between genotypic and 
phenotypic data. For this, three breeds Hostlian Fresian, Sahiwal and Dhanni were studied. Only 
KK genotype was observed in these breeds. 



156 
 

Milk yield is a polygenic trait and all the genes affecting it are difficult to know but a few potential 
candidate genes have been recognized. POU1F1 gene is one of those candidate genes that are 
involved in milk production. Bovine POU1F1 gene (also named PIT-1 or GHF-1) is sub localized to 
the centromeric region of bovine chromosome 1 (1q21-q22). The total length of this gene is 15952 
bp. It is organized in six exons (coding a polypeptide chain of 291 amino acids (~33kD) and five 
introns [98]. Association studies have shown that Pit-1 is related to many production traits in 
domestic animals. A single nucleotide polymorphism (SNP) (C-577-A) in exon 3 of POU1F1 that 
changes a proline to a histidine was identified. After statistical analyses they revealed significant 
association of this SNP with milk yield and productive life [57]. A synonymous mutation in exon 2 
was discovered by Pan et al. (2008) and also reported by Huang et al. 2008. Therefore, genetic 
variation in the POU1F1 gene and its associations with growth, mammary gland development and 
lactation process in livestock animals, could provide useful genetic markers for animal selection 
and breeding through marker-assisted selection (MAS). 

The objectives in the present study were genetic characterization of the POU1F1 gene to identify 
the SNPs as genetic markers and validate these potential markers by associating them with milk 
production traits. 50 samples from the true representatives of each cattle breed were sequenced 
for all six exons of POU1F1 gene by using six sets of Primers. Total of four polymorphic sites were 
identified from these sequences that were confirmed at population level by sequencing more 
samples of cattle breeds. A total of four polymeric sites were found in POU1F1 gene of sahiwal 
breed. Out of four SNPs one was in intronic region and three were in exonic region. One of these, 
exonic SNPs P3696, was observed in exon no. two that was a transversion from G→C. P10837 
was observed in exon three. It was also a transversion of A→C. Third SNP was also observed in 
exon number three at P10953. This was a transition from A→G. P13270 was observed in intronic 
region between exon no. three and four. Again it was a transition from T→A. 

The gene coding for bovine prolactin was shown to exist as a single copy per haploid 
genome [22]. Two RFLPs at the growth hormone locus, as well as several RFLPs at the prolactin 
gene, indicated the possibility that minor genomic variability underlies quantitative genetic variation 
[50]. In Holstein Friesian two SNP were found in exon 5 at position 8370, 8447 result in change of 
codon TCT > TCC, AGA > AAA respectively. In Sahiwal two SNP were found in exon 4 at position 
7529, 7550 resulting in change of codon TCT >TGT, TGC>TAC and two SNP in exon 5 at position 
8283, 8447 which results in change of codon GTG>GTA, CTG > CAA respectively. In Dhanni cattle 
breed two SNP in exon 5 at position 8283 & 8447 which results in change of codon GTG>GTA and 
CTG > CAA respectively. In Red Sindhi three SNPs in exon 5 at position 8283, 8370 & 8447 were 
found which cause change in the codon sequence from GTT > GTA, TCT > TCC and AGA > AAA. 
Other mutations were in the intronic regions of the exon 5. The Sahiwal cattle breed was different 
in respect to the others as there were two SNPs in the exon4. 

During this study single nucleotide polymorphism detected are variable among the high 
and low milk producing cattle breeds. These variable regions of three genes can be used as marker 
for selection of animals at the early age. 

In conclusion, the high milk producing cattle breeds (Holstein fresian and Sahiwal) have different 
pattern polymorphisms for DGAT1, POU1F1 and Prolactin genes than the low milk producing cattle 
breed (Dhanni). Three milk production effecting genes DGAT1, POU1F1 and Prolactin can be used 
for the selection of high milk producing cattle. In order to enhance milk yield in the country animals 
should be screened at the very early age for future selection.  

6.3 Sheep and Goat 

6.3.1 Introduction 

The present project was conducted to genetically characterize the Goat and Sheep breeds of 
Pakistan, with the help of mitochondrial D-loop, Cytochrome b region and further confirmation by 
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using microsatellite markers. The work was carried out at Molecular Biology and Genomics Lab, 
Institute of Biochemistry and Biotechnology, University of Veterinary and Animal Sciences Lahore. 

6.3.2  Mitochondrial DNA D-Loop and Cytochrome b Gene 

Table 6.22 Mitochondrial Cytochrome b and  D-loop Primers for Goat 

 

Table 6.23 Mitochondrial Cytochrome b and  D-loop Primers for Sheep  

 

Table 6.24 Haplotypes detected in Cytochrome b and the D-loop region of Pakistani Goat breeds 
 

Sr. No Haplotype Animal ID Total animal 

1 Barbari1 10051 1 

2 Barbari2 10052 1 

3 Barbari3 10055 1 

4 Barbari4 10059 1 

5 Barbari5 10060 1 

6 Beetal1 8201 1 

7 Beetal2 8212 1 

8 Beetal3 8214 1 

Forward Primer Revese Primer 
Product 
Lenght 

CCAATGATATGAAAAACCATCG TCTTAGGCGCCATGCTACTA 
752 

ACAGGAATTCCATCAGACACAG 
AACCAGAAAAGGAGAATAGCCA 575 

AAGCCATAGCCTCACTATCAGC 
ACATCTGGTTCTTTCTTCAGG 830 

GATCACGAGCTTGTTGACCA TAAACACATAGGTTTGGTCCCAG 
659 

Forward Primer Revese Primer 
Product 
Lenght 

CATGGAATCTAACCATGACCAA CTCTTCCTCCACGAAACAGG 
676 

CGATTTTTCGCCTTTCACTT 
GAAGGAGAACAACCAACCTCC 677 

CCAGAGAAGGAGAACAACCAA 
GGGTATTAAACTGCTTGACCG 658 

TAAGCATGTACATTTGTTTCACTG GAGTAACGCCCTTCGAATC 
831 
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9 Beetal4 8220 1 

10 Beetal5 8254 1 

11 Pahari hairy1 9801 1 

12 Pahari hairy2 9803 1 

13 Pahari hairy3 9809 1 

14 Pahari hairy4 9810 1 

15 Pahari hairy5 9812 1 

16 Kamori1 9202 1 

17 Kamori2 9205 1 

18 Kamori3 9206 1 

19 Kamori4 9208 1 

20 Kamori5 9209 1 

21 Damani1 8810 1 

22 Damani2 8811 1 

23 Damani3 8814 1 

24 Damani4 8820 1 

25 Damani5 8826 1 

26 Khurasani1 5618 1 

27 Khurasani2 5626 1 

28 Khurasani3 5638 1 

29 Khurasani4 5644 1 

30 Khurasani5 5648 1 

31 L.hairy1 9026 1 

32 L.hairy2 9030 1 

33 L.hairy3 9035 1 

34 L.hairy4 9036 1 

35 L.hairy5 9039 1 

36 Teddy1 9605 1 

37 Teddy2 9633 1 
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38 Teddy3 9638 1 

39 Teddy4 9643 1 

40 Teddy5 9646 1 

41 Lehri goat1 10409 1 

42 Lehri goat2 10411 1 

43 Lehri goat3 10414 1 

44 Lehri goat4 10415 1 

45 Lehri goat5 10417 1 

46 Nachi1 2900 1 

47 Nachi2 2901 1 

48 Nachi3 2902 1 

49 Nachi4 2915 1 

50 Nachi5 2935 1 

 

Table 6.26 Haplotypes detected in Cytochrome b and the D-loop region of Pakisani Sheep 

breeds 

Sr.No Haplotype Animal ID Total animal 

1 Bulkhi1 6072 1 

2 Bulkhi2 6062 1 

3 Bulkhi 3 6060 1 

4 Bulkhi 4 6063 1 

5 Bulkhi 5 6079 1 

6 Dumari1 7001 1 

7 Dumari 2 7005 1 

8 Dumari 3 7008 1 

9 Dumari 4 7010 1 

10 Dumari 5 7016 1 

11 Kachi1 3807 1 

12 Kachi 2 3817,3803 2 



160 
 

13 Kachi 3 3816 1 

14 Kachi 4 3809 1 

15 Kaghani1 6808 1 

16 Kaghani 2 6809 1 

17 Kaghani 3 6814 1 

18 Kaghani 4 6818 1 

19 Kaghani 5 6820 1 

20 Sal trange1 4839 1 

21 Salt range 2 4804 1 

22 Salt range 3 4809 1 

23 Salt  range 4 4828 1 

24 Salt range 5 4826 1 

25 Awasi1 2666 1 

26 Awasi 2 2663 1 

27 Awasi3 2667 1 

28 Awasi4 2669 1 

29 Awasi 5 2656 1 

30 Thalli1 2569 1 

31 Thalli 2 2723 1 

32 Thalli3 2716 1 

33 Thalli 4 2732 1 

34 Thalli 5 2564 1 

35 Lohi 1 4435 1 

36 Lohi 2 4423 1 

37 Lohi 3 4432 1 

38 Lohi 4 4420 1 

39 Lohi 5 4425 1 

40 Karakul1 4221 1 

41 Karakul2 4212 1 
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42 Karakul3 4223 1 

43 Karakul 4 4209 1 

44 Karakul5 4210 1 

45 Shenwari1 4601 1 

46 Shenwari 2 4608 1 

47 Shenwari 3 4610 1 

48 Shenwari 4 4606 1 

49 Shenwari 5 4603 1 

 

Table 6.26 Mitochondrial Conserved regions in Pakistani goat and sheep  

Sr # Position Sequence 

Region 1 1 to 44 CATGGAATCTAACCATGACCAATGATATGAAAAACCATCGTTGT 

Region 2 94 to 118 TAATAAAAATTGTAAACAACGCATT 

Region 3 147 to 166 TCATCATGATGAAACTTTGG 

Region 4 204 to 233 ACAGGCCTATTCCTAGCAATACACTATACA 

Region 5 375 to 391 TATGGATCATATACCTT 

Region 6 393 to 409 CTAGAAACATGAAACAT 

Region 7 438 to 484 GCCACAGCATTCATAGGCTATGTTTTACCATGAGGACAAATATC
ATT 

Region 8 525 to 562 CCATATATTGGCACAAACCTAGTCGAATGAATCTGAGG 

Region 9 564 to 583 GATTCTCAGTAGACAAAGC 

Region 10 634 to 649 CAGCCCTCGCCATAGT 

Region 11 657 to 679 CTCTTCCTCCACGAAACAGGATC 

Region 12 681 to 703 AACAACCCCACAGGAATTCCATC 

Region 13 787 to 802 TACTAGTACTATTCAC 

Region 14 811 to 832 TACTCGGAGACCCAGACAACTA 

Region 15 924 to 940 AAACTAGGAGGAGTCCT 

Region 16 1059 to 1084 CTATTAACACTCACATGAATTGGAGG 
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Region 17 1110 to 1132 ATTATTGGACAACTAGCATCTAT 

Region 18 1194 to 1229 CTAAAATGAAGACAAGTCTTTGTAGTACAATCAATA 

Region 19 1231 to 1249 ACTGGTCTTGTAAACCAGA 

Region 20 1267 to 1290 CTCCCTAAGACTCAAGGAAGAAGC 

Region 21 1329 to 1345 TTAAACTATTCCCTGAA 

Region 22 1438 to 1453 ACTTCCCACTCCACAA 

  

A phylogenetic tree was constructed from the 50 haplotypes of Pakistani Goat (using Cytochrome 
b and mtD-loop sequences) The tree shows 2 major clad with branching and rebranching pattern. 
This topology has further been confirmed by constructing Parsimony tree. (Fig. 6.12) 

 

Figure 6.12 neighbor Joining phylogenetic trees constructed by MEGA 4.1 from 50 haplotypes of 
Pakistani Goat (Cytochrome b and mtD-loop sequences)  
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A phylogenetic tree constructed from the 49 haplotypes of Pakistani Sheep (based on Cytochrome 
b and mtD-loop sequences). The tree showed 3 major clad with branching and re-branching 
pattern. This topology has further been confirmed by constructing Parsimony tree (Fig. 6.13). 

 

 

Figure 6.13 neighbour Joining phylogenetic trees constructed by MEGA 4.1 from 50 haplotypes of 

Pakistani Goat (Cytochrome b and mtD-loop sequences) 

A Phylogenetic tree was constructed between goat and sheep haplotypes and Bos tourus and Bos 
indicus was used as outer group.NJ tree Fig 6.15 showed clear difference between goat sheep and 
Bos tourus. 
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Figure 6.14 Neighbor Phylogenetic Tree based on Cytochrome b and mtD-loop sequences of Goat 
and Sheep in comparison with Bos indicus, Bos taurus. 
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Table 6.27 Comparison of haplotypes based on Cytochrome b region 1140 bp of Pakistani Goat 

with Capra family  

Sr# Name of Capra Accession No. 

01 Cashmiree Inner Mangolia GU068049 

02 Capra sibrica FJ207529 

03 Capra pyrenaica FJ207528 

04 Capra niabiana FJ207527 

05 Capra falconeri FJ207525 

06  Capra aegagrus DQ514542 

07 Capra ibex FJ207526 

08 Capra hircus AF533441 

 

 

Figure 6.15 Phylogenetic Comparison of haplotypes based on Cytochrome b region 1140 bp of 

Pakistani goat with Capra family (UPGMA MEGA 4.1) 



166 
 

Table 6.28 Comparison of haplotypes based on D-loop region 720 bp of Pakistani Sheep with 

Ovine family  

Sr# Name of ovine Accession No 

01 Ovis Musicon AY091487 

02 Ovis aries voucher AY829402 

03 Ovis vignei bochariensis AF039580 

04 Ovis ammon collium AY091492 

05 Ovis aries nigrimontana AY091494 

06 Ovis aries AF010406 
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Figure 6.16 Phylogenetic Comparison of haplotypes based on D-loop region 720 bp of Pakistani 
Sheep with Ovine family Relationship between different sheep of Ovine Family. (UPGMA Mega 
4.1) 
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Table 6.29 Worldwide comparison of Goat D-loop haplotypes with newly found goat haplotypes 

(Mega 4.1) based on 481 bp of D-Loop HVR1 

Sr# 
Name of 
country 

Aceession 
No. 

Sr# Name of country Aceession No. 

01 Solvenia AJ317835 34 Switzerland AJ 317573 

02 India AJ317827 35 Gagestan EF617708 

03 India E617856 36 Germany AJ317627 

04 India AJ317540 37 Germany AJ317586 

05 Nambia EF618245 38 Denmark AJ317656 

06 Nambia EF618246 39 Iran EF617863 

07 Libya EF618220 40 Syria AJ317760 

08 Cyprus AJ317774 31 Krygistan EF6J18212 

09 Vietnam AJ317566 42 Iraq AJ317762 

10 Spain AJ317625 23 Turkey AJ317736 

11 Malta AJ317659 44 Magnolia AJ317534 

12 France EF617730 45 Greece AJ317686 

13 France AJ317575 46 Sweden AJ317637 

14 South korea DQ217780 47 Tunisia AJ317789 

15 Nigeria AJ317810 48 Ice land EF617851 

16 Egypt AJ317780 49 Ice land EJ317587 

17 South Africa EF618351 50 wales AJ317841 

18 South Africa AJ317812 51 Solvenia AJ317654 

19 Mozambique EF618240 52 Solvenia AJ317731 

20 Mozambique AJ317804 53 England AJ317777 

21 Zimbabwe AJ317802 54 Ireland AJ317592 

22 Zimbabwe AJ 317803 55 Ireland AJ317589 

23 Morocco AJ317784 56 Denmark EF617710 

24 Jordan AJ317769 57 Siliciily QQ241305 

25 China AJ317569 58 Norway AJ317593 

26 Pakistan AJ317539 59 Swetzerland AJ317596 
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27 Bhutan AJ317851 60 Austria EF617678 

28 Senegal AJ317816 61 Austria EF617679 

29 Azerbaijan EF617702 62 Soudiarabia AJ317752 

30 Urkraine AJ317600 63 Albania EF617601 

31 Malysia AJ317553 64 Poland AJ317585 

32 Loas AB044295 65 Poland AJ317584 

33 Norway AJ317594 66 Portugal AJ3176660 

 

 

Figur 6.17 Worldwide comparison of goat d-loop haplotypes with Pakistani goats. (Mega 4.1) 
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Table: 6.30 Worldwide comparison of Sheep D-loop haplotypes with newly found sheep 

haplotypes (Mega 4.1) based on 523 bp of D-Loop HVR2 

Name of 
country 

Aceession No. Sr# Name of country Aceession No. 

India DQ073053 15 Spain AY879434 

India DQ073049 16 Island AY879344 

India EF056393 17 Island AY879346 

India AY879387 18 Newzealand Z35268 

India AY879343 19 Newzealand Z35228 

China AY829376 20 Kazakistan AY091499 

Indonesia AY879442 21 Tibet AY879433 

Tajikiistan AY091498 22 Turkey AY091497 

Tibet AY879458 23 Turkey AY091495 

Austria AY879442 24 Turkey DQ097431 

Austria AY879343 25 Austrailia AY879406 

Mangolia AY879463 26 Spain AY879438 

Russia AY879395 27 Finland AY879399 

Russia AY879388    
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Figure 6.18 Worldwide comparison of Sheep d-loop haplotypes with Pakistani sheep 

6.3.2.2 Microsatellites Markers for Genetic Diversity in Sheep and goat 

A set of 9 FAO recommended microsatellite markers, having high PIC (Polymorphic Information 
Content) values was selected for genetic diversity study in sheep and goat breeds of Pakistan.  

Table 6.31 Microsatellite Markers Description used on goat and sheep characterization 

Marker Name Product size Tm (°C) 
Position on 

Chromosome 

MAF70 124-166 62+59 4 

OarAE101 99-123 54+54 6 

MAF33 121-141 55+52 9 

OarVH72 121-135 66+71 25 

BM1818 253-284 57+60 32 

ILSTS011 167-173 58+56 24 

MM12 122 58+50 9 

ETH152 157-169 67+64 5 

OarFCB48 143-167 60+60 17 
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6.3.2.3 Microsatellite markers Results in Goat and sheep Breeds 

The genotyping results of Pakistani goat and sheep breeds based on selected microsatellite 
makers are given below. The data gave us idea about genetic diversity status of Pakistani 
indigenous goat and sheep breeds. The tables and figures describing genetic parameters are given 
below. 

Table 6.32 Overall Allele Frequency of microsatellite markers in selected Pakistani Goat Breeds 

 

 

Allele 
\ 

Locu
s 

MAF7
0 

OarAE10
1 

MAF3
3 

OarVH7
2 

BM181
8 

ILSTS01
1 

MM12 
ETH15

2 

 
Allele A 

0.019 0.1814 0.2532 0.4705 0.1118 0.1097 
0.099

2 
0.0464 

 
Allele B 

0.1498 0.1097 0.27 0.1561 0.0527 0.0169 
0.126

6 
0.038 

 
Allele C 

0.2131 0.1456 0.2489 0.0928 0.2679 0.0127 
0.128

7 
0.1371 

 
Allele D 

0.0675 0.0274 0.0211 0.0823 0.0992 0.038 
0.236

3 
0.2616 

 
Allele E 

0.1034 0.1203 0.0443 0.0211 0.0506 0.0802 
0.187

8 
0.057 

 
Allele F 

0.1435 0.1371 0.0675 0.0675 0.0844 0.23 
0.156

1 
0.0253 

 
Allele G 

0.0105 0.0485 0.0738 0.0042 0.0253 0.1392 
0.025

3 
0.154 

 
Allele H 

0.0506 0.1498 0.0042 0.0527 0.0485 0.1371 
0.040

1 
0.1055 

 
Allele I 

0.1266 0.0506 0.0169 0.0527 0.2173 0.0591  0.0359 

 
Allele J 

0.116 0.0295   0.0422 0.0928  0.1392 

 
Allele K 

     0.0844   
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Table 6.33 Summary of Genic Variation Statistics for all Loci in selected Pakistani Goat Breeds 
[See Nei (1987) Molecular Evolutionary Genetics (p. 176-187)] 
 

Locus na* ne* I* 

MAF70 
 

10 7.3428 2.0948 

OarAE101 
 

10 7.7888 2.1447 

MAF33 
 

9 4.7235 1.7333 

OarVH72 
 

9 3.6808 1.6677 

BM1818 
 

10 6.3058 2.047 

ILSTS011 
 

11 7.654 2.1745 

MM12 
 

8 6.2452 1.9215 

ETH152 
 

10 6.6559 2.0655 

OarFCB48 
 

11 9.5428 2.3225 

Mean 
 

9.7778 6.66 2.0191 

St. Dev 
 

0.9718 1.7307 0.2108 

* na = Observed number of alleles, * ne = Effective number of alleles [Kimura and Crow (1964)] * 
I = Shannon's Information index [Lewontin (1972)] 

Table 6.34 Summary of Heterozygosity Statistics for all Loci in selected Pakistani Goat Breeds 

Locus Obs-Hom Obs-Het Exp-Hom* Exp-Het* Nei** Ave-Het 

MAF70 
 

0.0759 0.9241 0.1344 0.8656 0.8638 0.6461 

OarAE101 
 

0.2321 0.7679 0.1265 0.8735 0.8716 0.636 

MAF33 
 

0.4641 0.5359 0.21 0.79 0.7883 0.3115 

OarVH72 
 

0.7004 0.2996 0.2701 0.7299 0.7283 0.359 

BM1818 
 

0.1561 0.8439 0.1568 0.8432 0.8414 0.4949 

ILSTS011 
 

0.1899 0.8101 0.1288 0.8712 0.8693 0.6398 

MM12 
 

0.2532 0.7468 0.1583 0.8417 0.8399 0.6269 

ETH152 
 

0.1561 0.8439 0.1484 0.8516 0.8498 0.5664 

OarFCB48 
 

0.097 0.903 0.1029 0.8971 0.8952 0.6623 

Mean 
 

0.2583 0.7417 0.1596 0.8404 0.8386 0.5492 

St. Dev 
 

0.2011 0.2011 0.051 0.051 0.0509 0.1322 

* Expected homozygosty and heterozygosity were computed using Levene (1949), ** Nei's (1973) 
expected heterozygosity. The number of polymorphic loci is: 9. The percentage of polymorphic loci 
is:  100.00 %. 
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Table 6.35 Summary of F-Statistics and gene flow for all loci in selected Pakistani goat breeds 

[See Nei (1987) Molecular Evolutionary Genetics (p. 159-164)] 

Locus Fis Fit Fst Nm* 

MAF70 
 

-0.4316 -0.0709 0.2519 0.7424 

OarAE101 
 

-0.1831 0.1381 0.2715 0.6709 

MAF33 
 

-0.5677 0.3735 0.6004 0.1664 

OarVH72 
 

0.2921 0.6549 0.5125 0.2378 

BM1818 
 

-0.7179 0.0091 0.4232 0.3408 

ILSTS011 
 

-0.2576 0.0741 0.2637 0.698 

MM12 
 

-0.1867 0.1116 0.2514 0.7445 

ETH152 
 

-0.4867 0.0115 0.3351 0.496 

OarFCB48 
 

-0.3624 -0.0064 0.2613 0.7069 

Mean 
 

-0.3276 0.1325 0.3466 0.4713 

* Nm = Gene flow estimated from Fst = 0.25(1 - Fst)/Fst. Nei, M. (1987). Molecular evolutionary 
genetics. Columbia university press.  
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Table 6.37 Forensic application values of Microsatellites markers in paksitani Goat breeds 
(Power Stat) 

Marker 
Matching 

probability 
Power of 

discrimination 
Power of 
exclusion 

PIC value 

MAP 70 
0.061 

 
0.939 

 
0.813 

 
0.85 

 

OarAE101 
0.061 

 
0.939 

 
0.461 

 
0.86 

 

MAF33 
0.142 

 
0.858 

 
0.156 

 
0.77 

 

OarVH72 
0.172 

 
0.828 

 
0.065 

 
0.70 

 

BM1818 
0.105 

 
0.895 

 
0.683 

 
0.82 

 

ILSTS011 
0.066 

 
0.934 

 
0.609 

 
0.86 

 

MM12 
0.101 

 
0.899 

 
0.526 

 
0.83 

 

ETH152 
0.100 

 
0.900 

 
0.666 

 
0.83 

 

OarFCB48 
0.082 

 
0.918 

 
0.782 

 
0.88 

 

 

 

Figure 6.19 Allele frequencies of all microsatellite markers in Lehri goat 
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Figure 6.20 Allele frequencies of all microsatellite markers in Local Hairy goat 

 

Figure 6.21 Allele frequencies of all microsatellite markers in Barbari goat 
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Figure 6.22 Allele frequencies of all microsatellite markers in Beetal goat 

 

Figure 6.23 Allele frequencies of all microsatellite markers in Damani goat 
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Figure 6.24 Allele frequencies of all microsatellite markers in Pahari goat 

 

Figure 6.25 Allele frequencies of all microsatellite markers in Teddy goat 
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Figure 6.26 Allele frequencies of all microsatellite markers in Kamori goat 

 

Figure 6.27 Allele frequencies of all microsatellite markers in Khurasani goat  
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Figure 6.28 Allele frequencies of all microsatellite markers in Nachi goat  

 

Figure 6.29 Allele frequencies of all microsatellite markers in Jattal goat  
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Figure 6.30 Allele frequencies of all microsatellite markers in Dera Din Panah goat  

 

 

 

 

 

 

 

 

 

 

 

 

Figure  6.31 Dendrogram Based Nei's (1972) Genetic distance: Method = UPGMA 
Modified from NEIGHBOR procedure of PHYLIP Version 3.5 
 
Now the followings are the microsatellite markers genotyping results if Results in 12 selected 
Sheep Breeds of Pakistan representing all provinces. 
 
 

Table  6.38 Overall allele frequency of microsatellite markers in twelve selected  sheep breeds of 

Pakistan 
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Allele \ 
Locus 

MAF7
0 

OarAE10
1 

MAF33 
OarVH7

2 
BM181

8 
ILSTS01

1 
MM12 

ETH15
2 

Allele A 0.0346 0.1016 0.1098 0.0935 0.0407 0.0915 0.0244 
0.0407 

 

Allele B 0.1077 0.1240 0.2846 0.1911 0.0691 0.1159 0.2886 
0.1423 

 

Allele C 0.1707 0.2907 0.0813 0.0285 0.0996 0.1687 0.1098 
0.1138 

 

Allele D 0.1382 0.0854 0.0407 0.1301 0.2419 0.0142 0.2012 
0.0996 

 

Allele E 0.1077 0.0691 0.1341 0.1341 0.1809 0.1850 0.0955 
0.0589 

 

Allele F 0.0569 0.0935 0.0549 0.0549 0.1016 0.0346 0.1016 
0.1057 

 

Allele 
G 

0.1687 0.1341 0.0976 0.1524 0.0813 0.0508 0.0671 
0.0935 

 

Allele H 0.1077 0.1016 0.0528 0.0467 0.0407 0.0528 0.1118 
0.1057 

 

Allele I 0.0488  0.1159 0.1301 0.0407 0.1382  
0.0549 

 

Allele J 
0.0589 

 
 0.0285 0.0386 0.1037 0.0732  0.1850 

Allele K      0.0244  
 
 

Allele L      0.0508  
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Table  6.39  Summary of genic variation statistics for all loci in 12 Pakistani sheep breeds 
[See Nei (1987) Molecular Evolutionary Genetics (p. 176-187)] 

Locus na* ne* 
 

I* 
 

MAF70 10.0000 8.2095 
2.1892 

 

OarAE101 8.0000 6.2773 
 

1.9685 

MAF33 10.0000 6.7191 
 

2.0966 

OarVH72 10.0000 7.8237 
 

2.1541 

BM1818 10.0000 7.2172 
 

2.1289 

ILSTS011 12.0000 8.4132 
 

2.2712 

MM12 8.0000 5.7844 
 

1.8972 

ETH152 10.0000 8.5802 
 

2.2196 

OarFCB48 10.0000 8.8727 
 

2.2443 

Mean 9.7778 7.5441 
 

2.1300 

St. Dev 1.2019 1.0957 
 

0.1258 

* na = Observed number of alleles 
* ne = Effective number of alleles [Kimura and Crow (1964)] 
* I = Shannon's Information index [Lewontin (1972)] 
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Table 6.40 Summary of heterozygosity statistics for all microsatellite loci 12 Pakistani sheep 

breeds 

Locus Obs_Hom Obs_Het Exp_Hom* Exp_Het* 
 

Nei** 
 

Ave_Het 

MAF70 0.0488 0.9512 0.1200 0.8800 0.8782 
0.6889 

 

OarAE101 0.6504 0.3496 0.1576 0.8424 0.8407 
0.2748 

 

MAF33 0.1626 0.8374 0.1471 0.8529 0.8512 
0.5566 

 

OarVH72 0.1911 0.8089 0.1260 0.8740 0.8722 
0.5963 

 

BM1818 0.2886 0.7114 0.1368 0.8632 0.8614 
0.4750 

 

ILSTS011 0.2520 0.7480 0.1171 0.8829 0.8811 
0.6336 

 

MM12 0.3740 0.6260 0.1712 0.8288 0.8271 
0.4640 

 

ETH152 0.2846 0.7154 0.1147 0.8853 0.8835 
0.4278 

 

OarFCB48 0.2154 0.7846 0.1109 0.8891 0.8873 
0.5215 

 

Mean 0.2742 0.7258 0.1335 0.8665 0.8647 
0.5154 

 

  St. Dev     0.1681    0.1681      0.0211 0.0211 0.0211   0.1236 
 

* Expected homozygosty and heterozygosity were computed using Levene (1949) 
** Nei's (1973) expected heterozygosity, The number of polymorphic loci is :  9 
The percentage of polymorphic loci is:  100.00 % 
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 Table  6.41 Summary of F-Statistics and Gene Flow for All Loci in 12 Pakistani Sheep Breeds  

[See Nei (1987) Molecular Evolutionary Genetics (p. 159-164)] 

Locus Fis Fit 
 

Fst 
 

Nm 

MAF70 -0.3790 -0.0855 0.2129 
0.9245 

 

OarAE101 -0.1524 0.6192 0.6696 
 

0.1234 

MAF33 -0.5050 0.0210 0.3495 
 

0.4653 

OarVH72 -0.3207 0.0985 0.3174 
 

0.5376 

BM1818 -0.4878 0.1738 0.4447 
 

0.3121 

ILSTS011 -0.1624 0.1645 0.2813 
 

0.6388 

MM12 -0.2931 0.2777 0.4414 
 

0.3164 

ETH152 -0.6169 0.2154 0.5147 
 

0.2357 

OarFCB48 -0.4701 0.1332 0.4104 
 

0.3592 

Mean -0.3783 0.1776 0.4033 
 

0.3698 

    * Nm = Gene flow estimated from Fst = 0.25(1 - Fst)/Fst. 

 

 

 

 

 

 

 

 

 

   



186 
 

Table 6.42 Nei's Original Measures of Genetic Identity and Genetic distance in 12 Pakistani Sheep Breeds 

Population Krakul Bulkhi 
Salt 

Range 
Awassi Shenwari Kachi Kaghani Lohi Dumari Thalli Buchi 

Hasht 
nagri 

Krakul 
**** 

 
0.211 0.1028 0.0648 0.2696 0.1483 0.2646 0.1923 0.1995 0.482 0.1318 0.1408 

Bulkhi 
1.5561 

 
**** 0.3621 0.1456 0.1539 0.2562 0.3076 0.1239 0.2091 0.1083 0.2468 0.1987 

Salt Range 
2.2747 

 
1.016 **** 0.087 0.2062 0.3479 0.1683 0.3976 0.4294 0.1638 0.347 0.2817 

Awassi 
2.7366 

 
1.927 2.4418 **** 0.0132 0.1221 0.2255 0.2651 0.1035 0.0519 0.0438 0.0706 

Shenwari 
1.3109 

 
1.871 1.5787 4.3253 **** 0.2763 0.3948 0.2119 0.4097 0.2833 0.1913 0.2354 

Kachi 
1.9085 

 
1.362 1.0557 2.1027 1.2863 **** 0.2383 0.3732 0.0839 0.1774 0.1587 0.1209 

kaghani 
1.3297 

 
1.179 1.7822 1.4896 0.9295 1.4342 **** 0.2019 0.3138 0.2838 0.1531 0.1203 

Lohi 
1.6488 

 
2.088 0.9222 1.3278 1.5515 0.9855 1.6002 **** 0.2931 0.2042 0.212 0.2338 

Dumari 
1.612 

 
1.565 0.8454 2.2685 0.8924 2.4777 1.159 1.2274 **** 0.331 0.2797 0.2202 

Thalli 
0.7298 

 
2.223 1.8089 2.9589 1.2614 1.7296 1.2593 1.5884 1.1056 **** 0.2203 0.1199 

Buchi 
2.0262 

 
1.399 1.0585 3.1288 1.6542 1.8406 1.8768 1.551 1.274 1.5126 **** 0.702 

Hashtnagri 
1.9607 

 
1.616 1.2671 2.6507 1.4467 2.1129 2.1178 1.4534 1.5133 2.1215 0.3539 **** 

 
 

Nei's genetic identity (above diagonal) and genetic distance (below diagonal). 
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Table  6.43 Forensic application values of microsatellites markers in Pakistani sheep breeds 

(Power Stat) 

 

 

 

Marker 
Matching 

probability 
Power of 

discrimination 
Power of 
exclusion 

PIC value 

MAP 70 
0.083 

 
0.917 

 
0.892 

 
0.87 

 

OarAE101 
0.168 

 
0.832 

 
0.060 

 
0.81 

 

MAF33 
0.073 

 
0.927 

 
0.642 

 
0.84 

 

OarVH72 
0.082 

 
0.918 

 
0.616 

 
0.86 

 

BM1818 
0.092 

 
0.908 

 
0.390 

 
0.85 

 

ILSTS011 
0.074 

 
0.926 

 
0.494 

 
0.87 

 

MM12 
0.103 

 
0.897 

 
0.402 

 
0.83 

 

ETH152 
0.092 

 
0.908 

 
0.453 

 
0.87 
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     Figure 6.31 Allele frequencies of all microsatellite markers in Karakul sheep 

 

 

Figure 6.32 Allele frequencies of all microsatellite markers in Bulkhi sheep 
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Figure 6.33 Allele frequencies of all microsatellite markers in Salt Range sheep 

 

 

Figure 6.34 Allele frequencies of all microsatellite markers in Awasi sheep
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Figure 6.35 Allele frequencies of all microsatellite markers in Shenwari sheep 

 

 

      Figure 6.36 Allele frequencies of all microsatellite markers in Kuchi sheep 
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Figure 6.37 Allele frequencies of all microsatellite markers in Kaghani sheep 

 

       Figure 6.38 Allele frequencies of all microsatellite markers in Lohi sheep 
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Figure 6.39 Allele frequencies of all microsatellite markers in Dumri sheep 

 

Figure 6.40 Allele frequencies of all microsatellite markers in Thalli sheep 

MAP 70

OarAE101

MAF33

OarVH72

BM1818

ILSTS011

MM12

ETH152

OarFCB48

MAP 70

OarAE101

MAF33

OarVH72

BM1818

ILSTS011

MM12

ETH152

OarFCB48



193 
 

 

Figure 6.41 Allele frequencies of all microsatellite Markers in Buchi Sheep 

 

Figure 6.42 Allele Frequencies of All Microsatellite Markers in Hushtnagri Sheep 
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Figure 6.43 Dendrogram Based Nei's (1972) Genetic distance: Method = UPGMA 
Modified from NEIGHBOR procedure of PHYLIP Version 3.5 for 12 Pakistani sheep breeds 
 

All of the microsatellite markers utilized in this study were polymorphic and informative in 
goat and sheep breeds and can be used for genetic differentiation, breed characterization, 
parentage analysis and forensic applications.  

In goat all loci showed informative results in all populations, the highest Polymorphic 
Information Content (PIC) value was recorded in “OarFCB48” i.e. 0.88 while lowest PIC value was 
observed in OarVH72 i.e. 0.70. All markers showed PIC value more than 0.5 so these can 
effectively be used in forensic applications in goat breeds. 

  In sheep breeds the highest PIC value 0.88 was calculated for OarFCB48 while lowest 
0.81 was observed in OarAE101. The high PIC values in sheep breeds indicate that these loci can 
also be used successfully for forensic cases.  

Average number of alleles per microsatellite marker was 9.77 + 0.971 in all goat breeds 
ranging from 8 to 11 alleles (Table: 28). Effective number of alleles for microsatellite loci MAF70, 
OarAE101, MAF33, OarVH72, BM1818, ILSTS011, MM12, ETH152, OarFCB48 were 7.3428, 
7.7888, 4.7235, 3.6808, 6.3058, 7.654, 6.2452, 6.6559 and 9.5428 respectively. 

6.3.2.4 Discussing Mitochondrial D-Loop and Cytochrome B Analysis 

 
In this study, twelve different breeds each of Goat and Sheep were selected from throughout the 
country for mitochondrial D-loop and Cytochrome b analysis. Total 2622 bp region of Cytochrome 
b and D-loop was selected and Sequences were compared with reference sequence of Capra 
hircus (Accession no. AF533441). Two hundred and nine variable sites were observed and 
haplotype diversity was calculated by BioEdit software, which showed each haplotype was unique 
in goat. Similarly total selected portion of mitochondrial D-loop and Cytochrome b in sheep was 
2679 bp and 151 variable sites were observed by comparing with reference Ovis aries. (Accession 
No. AF533441). Forty nine haplotypes were observed in ten breeds of sheep. 
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Both Goat and sheep had already 405 different nucleotide positions. This however, is a 
minimum estimate of the amount of change because some positions are likely to have mutated 
more than once.  Goat and Sheep was variable in length, in the same portion of mitochondrial DNA 
of goat and sheep, goat had 2711 bp and sheep had 2679 bp length.  Goat had thirty two bp more 
than sheep within the same region. A complete analysis was performed to know the reason of 
variable length. Sheep was considered as a reference sequence (Ovis aries AF010406.1). There 
were already 41 insertions of nucleotide in goat and 9 deletions of nucleotides, which gave the 
complete idea about variation of length (32bp Table-16). Eighty six points with common numbering 
(Ovis aries AF0101406.1) matched within goat and sheep which showed variations. Out of these 
86, sixty eight were already variable points, 35 SNPs of goat in this research work came in these 
eighty six variable sites, 17 SNPs were observed by mutation in already variable sites and 18 were 
present at new positions. So, remaining 174 new variable sites (Goat) were present at other sites 
as compared to the Sheep’s remaining 65 variable sites. 

NJ and maximum parsimony tree was formed between Goat, Sheep and Bos tourus. Goat, 
Sheep and Bos tourus came into separate groups with their all haplotypes. Twenty two conserved 
regions were identified in both goat and sheep (Table-18). Both goat and sheep were AT rich. 
Phylogenetic analyses of goat breeds were performed by using MEGA 4.1. NJ phylogenetic and 
maximum parsimony tree of goat was made taking 1000 bootstarp values. Neighbor joining tree 
showed two clear maternal origins in goat, Lineage A and B. Same pattern was determined by 
drawing maximum parsimony phylogenetic tree. Teddy came at the bottom of a lineage. Some 
other breeds came in this node, A: Kamori, Beetal, Pahary hairy and Damnai (ten haplotypes) 
however other group B has all ten breeds (40 haplotypes). Complete sequences of mitochondrial 
DNA D-loop of 128 individuals in nine Chinese goats (Capra hircus) were analyzed. Ninety two 
haplotypes were observed. The NJ tree indicates that Chinese goats  have two types of maternal 
origins from lineage A and lineage B [78].  Demographic history was reported, the pattern of genetic 
variation in goat mtDNA sequences indicated that the two larger lineages A and B had undergone 
population expansion events [141]. Complete mitochondrial DNA (mtDNA) control region of 

Thirty Pakistani domestic goats were sequenced. Twenty-two new haplotypes were 
observed and Phylogenetic analysis revealed two distinct clusters in mt-lineage A, A1 and A2 
[145].  Mitochondrial DNA D-loop of 140 individuals in 10 Chinese goat (Capra hiruc) 1211-1 213 
bp was analyzed. There were 84 different haplotypes and 171 polymorphic sites. The NJ tree 
indicated that there were two main branches in Chinese domestic goats [53]. 

NJ phylogenetic and maximum parsimony tree for goat showed that all breeds were intermingled, 
there was not clear difference between breeds; this may be due to a) Migration and gene flow, b) 
Climate change, c) Hybidization etc. 

To understand the origin of goat breeds, different haplotypes from all over the world were 
taken and were compared with our haplotypes showed many nodes and branches in phylogenetic 
tree. At bottom, one haplotype was found in Europe, second cluster of some goat haplotypes near 
to India and Nambia, tree moves up and goat breeds distribution take place from Northern Europe 
to Eastern Europe then West Asia to East Asia and again West Asia. This type of distribution 
showed this might be migration of animals for trade purpose and their DNA shuffling due to 
breedings between different breeds. A study was conducted to observe, the domestic goat (C. 
hircus), the bezoar (Capra aegagrus), and the markhor (C. falconeri), all belonged to one clade. 
He suggested that a plausible scenario involves mtDNA introgression between ancestral taxa 
before the relatively recent colonization of Western Europe, the Caucasus Mountains, and East 
Africa by Capra populations [120].  

Goat was suggested one of the first domesticated animals [122, 165]. The domestic goat 
Capra hircus was domesticated from the bezoar Capra aegagrus in the Fertile Crescent [94, 165]. 
This origin was confirmed by genetic studies based on mitochondrial (Takada at al 1997) and 
nuclear DNA [120]. Some studies hint that a second domestication in Pakistan could have given 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B82XC-4K241HW-6&_user=3419781&_coverDate=05/31/2006&_alid=557261067&_rdoc=1&_fmt=summary&_orig=search&_cdi=33027&_sort=d&_docanchor=&view=c&_ct=2&_acct=C000060525&_version=1&_urlVersion=0&_userid=3419781&md5=05248e2f937191f8220a8eda9c40d6c2#hit4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B82XC-4K241HW-6&_user=3419781&_coverDate=05/31/2006&_alid=557261067&_rdoc=1&_fmt=summary&_orig=search&_cdi=33027&_sort=d&_docanchor=&view=c&_ct=2&_acct=C000060525&_version=1&_urlVersion=0&_userid=3419781&md5=05248e2f937191f8220a8eda9c40d6c2#hit6
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rise to the Cashmere breeds [122, 94]. Others suggest that at least two wild species of Capra [140] 
could have contributed to the gene pool of domestic goats [32]. 

Goats are the most adaptable and geographically wide spread livestock species, ranging 
from the mountains of Siberia to the deserts and tropics of Africa. They are the main economic 
resource in numerous developing countries and are growing in economic importance in western 
countries [122]. Phylogenetic relationships among 13 goat breeds were conducted and the 
phylogeny analysis of haplotypes in combination with goat Cyt b sequences from GenBank showed 
that Chinese goats were obviously separated from wild goats and uncertain lineage. 
Phylogeographic structure of Chinese domestic goats was reported. Two clades were observed A, 
B and B clade originated from eastern Asia [141] At least four different strains of wild Capra might 
have been the source of the modern domestic goats [146]. 

Phylogenetic tree showed that Capra hircus and new haplotypes of our population were very close 
to domestic Goat and there was very close relation between Cashmere goat haplotypes and Capra 
aegagrus. Our research work correlates with previous works 

Complete region of mitochondrial DNA D-loop of 140 individuals in ten Chinese goat 
(Capra hiruc) breeds. NJ tree showed two lineages one from Capra aegagurus and Capra falconeri 
has a separate branch [53]. Goats and other farm animals have multiple maternal origins with a 
possible center of origin in Asia, as well as in the Fertile Crescent.  Mitochondrial D-loop and 
Cytochrome b in domestic goats in Laos (Laos native) and wild goat “markhor” (C. falconeri) was 
sequenced. The wild goat “bezoar” (Capra aegagrus) has been considered to be the strongest 
candidate for the ancestor of the domestic goats [89]. Capra aegagrus and Capra ibex are 
polyphyletic species and it was proposed that a new scenario for Capra immigration into Europe 
[88].  

All above studies correlate with our study and this is well explained by NJ phylogenetic 
tree made between different members of Caprine family (Figure 26). 

Phylogenetic tree of sheep was made taking 1000 bootstrap values. The Neighbor joining 
tree showed three clear maternal origins in goat Lineage A and B and C (Figure 21). Same pattern 
was determined by drawing Maximum parsimony phylogenetic tree (Figure 22).  

First clade has ten haplotypes of eight breeds; the second one has twenty nine haplotypes 
of ten breeds and third one again have ten haplotypes of seven breeds. Results are intermingled 
and there is not breed differentiation. It may be due to many reasons as people are not aware of 
breeds specification, Hybridization of genome occurs by mating individuals of different breeds. Due 
to trade, animals from one area are carried to another, so genetic flow occurs. Climatic changes 
may also affect the genome. 2027 bp of mitochondrial DNA was studied and it was reported that 
sheep were first domesticated in the Fertile Crescent and described lineages A, B, and C [61]. The 
evolution of Ovis resulted in three generally accepted genetic groups: Argaliforms, Moufloniforms, 
and Pachyceriforms. Origin, genetic diversity and phylogeographic structure of Chinese domestic 
sheep was constructed. Phylogenetic analysis showed three lineages A, B, and C [141]. Complete 
sequences of Cyt b gene from 20 individuals belonging to eight Chinese indigenous sheep breeds 
and one foreign breed were studied. Different clustering methods showed that Chinese local sheep 
had three maternal resources [158]. Mitochondrial DNA was analyzed in local sheep breeds reared 
throughout Turkey, the D-loop and the Cyt b gene revealed three clearly separated clusters 
indicating three major maternal lineages [118]. http://kids.britannica.com/memberlogin. The origin 
of domestic sheep is unknown. It is almost certain, however, that several perhaps many varieties 
of wild sheep were tamed and that the modern varieties of domestic sheep are the result of 
crossbreeding. The domestic varieties bear little likeness to any wild species that exist today. A 
minority of historians once posited a contentious African theory of origin for Ovis aries [17].  

http://kids.britannica.com/memberlogin
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A complete comparison was made with haplotypes of sheep and some world wide 
Haplotypes (Table 22). The phylogenetic tree (Figure 29) showed the origin is from Asia (India) 
going into European countries. The first characterization of mitochondrial DNA diversity within 
three breeds of Indian sheep was analyzed, 1061 bp fragment, all 156 sequences revealed 73 
haplotypes, 52 of which belonged to the Indian breeds. These results have implications for the 
conservation of India's Ovine biodiversity and suggested a common origin for the breeds 
investigated [112]. Five hundred and thirty one bp control region of Chinese sheep, weak 
structuring was observed either among Chinese indigenous sheep populations or between Asian 
and European sheep and this can be attributable to long-term strong gene flow. Cytochrome b was 
studied, it was suggested that the Near East region support the high importance of this area in the 
sheep domestication process [118]. Sheep husbandry is practiced throughout the majority of the 
inhabited world and has been fundamental to many civilizations. In the modern era, Australia, New 
Zealand, the Southern and central South American nations and the British Isles are most closely 
associated with sheep production. Sheep are considered most likely descended from the wild 
mouflon of Europe and Asia.  

There were two explanations. The first was that there was a currently unknown species or 
subspecies of wild sheep that contributed to the formation of domestic sheep [55]. A second 
hypothesis suggests that this variation is the result of multiple waves of capture from wild mouflon, 
similar to the known development of other livestock [95]. 

The exact line of descent between domestic sheep to their wild ancestors is presently 
unclear (http://en.wikipedia.org/wiki/Domestic_sheep - cite_note-Hiendleder-68#cite_note-
Hiendleder-68 Hiendleder, 2002). 

Neighbor join phylogenetic tree of Pakistani haplotypes of this research work was compared with 
different sheep of Ovine family. This tree clear cut described that all halotypes had very close 
relation with wild mouflon (O. musimon, Fig-27) 

For the domestic sheep (Ovis aries) however, a large number of wild and possibly 
ancestral species and subspecies exist (Ryder, 1984). It has been proposed that the European 
mouflon  

(O. musimon) is an ancient breed of domestic sheep turned feral rather than an ancestor, 
despite it commonly being cited as ancestor in past literature (Ensminger) 

However, the urial, argali (O. ammon), and snow sheep (O. nivicola) have a different number of 
chromosomes than other Ovis species, making a direct relationship implausible, and phylogenetic 
studies show no evidence of urial ancestry [56]. Three major groups 

of Eurasian wild sheep, mouflon, urial and argali, have been proposed as ancestors of the domestic 
sheep or are believed to have contributed to specific breeds. Archaeological evidence pointed to 
Asiatic mouflon (O. orientalis) as the ancestor of domestic sheep [125]. 

Microsatellite Markers 

To prevent the loss of genetic diversity within each domestic species, the conservation of 
genetically unique populations is of top priority. The first step towards conservation of genetic 
resources for maintaining breeding options is an assessment of genetic variability in domestic 
populations. DNA markers have been used to study the genetic variation in livestock, human and 
other populations. Genetic variation between breeds can be determined by using microsatellite 
markers; subsequently relationships among breeds are determined to calculate the genetic 
distances among breeds. There are multiple reasons to use the microsatellite markers as genetic 
detectors including high level of polymorphism, low mutation rate and range of variety of 
microsatellite makers available. Up to now, a little study has been conducted on breed 
characterization of sheep and goat in Pakistan. In present study a panel of 9 microsatellite markers 
has been developed to carry out breed characterization of sheep and goat. 

http://en.wikipedia.org/wiki/Sheep_husbandry
http://en.wikipedia.org/wiki/Australia
http://en.wikipedia.org/wiki/New_Zealand
http://en.wikipedia.org/wiki/New_Zealand
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http://en.wikipedia.org/wiki/Domestic_sheep#cite_note-Hiendleder-68#cite_note-Hiendleder-68
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http://en.wikipedia.org/wiki/Argali
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http://en.wikipedia.org/wiki/Phylogenetic
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There is a lack of published reports on the number of alleles, their sizes and frequencies 
for these microsatellite loci in goat and sheep. It had been reported by Ramamoorthi et al, (2009) 
that there was a positive relationship between the number of dinucleotide repeats and the number 
of alleles at a given locus, with the number of alleles per locus. Larger the number of alleles at 
given locus, the more useful will be the marker. 

Polymorphism information content (PIC) is an efficient parameter to be considered while 
carrying out breed characterization. Polymorphism information content (PIC) is a diversity index. 
The higher the PIC value is, the greater the rate of heterozygote. 

In a study on twelve breeds of sheep (Krakul, Bulkhi, Salt range, Awassi, Shenwari, Kachi, 
Lohi, Kaghani, Dumari, Thalli, Buchi and Hashtnagri) and goat (Lehri, Local hairy, Barbari, Beetal, 
Damani, Pahari hairy, Teddy, Kamori, Khurasani, Nachi, Jattal and Dera Din Panah) in Pakistan, 
9 microsatellite markers were used, all of which were di repeat microsatellite markers. This study 
explored microsatellite markers used in this panel were highly polymorphic with PIC value range 
of 0.81 to 0.88 in sheep and 0.70 to 0.88 in goat. This study revealed that out of all microsatellite 
markers most of the markers were highly polymorphic and were validly able to be used for genetic 
analysis. 

In study on microsatellite markers for breed characterization of sheep and goat, sheep 
breeds showed the PIC value of 0.88 which shows good efficiency of this microsatellite marker 
panel. This PIC value for sheep population is lower than the PIC value observed by Dongyan et 
al, (2007) in China. Six Chinese indigenous sheep and goat breeds were analyzed by these 
Investigators to confirm polymorphic microsatellite markers as an efficient tool for the breed 
characterization. The Han sheep population showed a PIC value of 0.9563. Difference in PIC 
values of these two studies might be due to the difference in breeds, breeding tracts of these 
breeds and their breeding patterns. 

Wang et al, (2006) studied the genetic diversity among seven Chinese goat populations in 
the Middle and Lower Yangtse River Valley and East and South Mainland near the sea. They 
observed the average heterozygosity in a range of 0.677 to 0.737. Rout et al, (2008) demonstrated 
the microsatellite-based phylogeny of 7 Indian domestic goat breeds by using a panel of 17 
microsatellites. They observed the average heterozygosity in a range of 0.375 to 0.426. The mean 
number of alleles per locus ranged from 8.1-9.7. This study has demonstrated far greater 
heterozygosity than both of the above studies i.e. 0.7417. This difference in the values could be 
concerned with the selection of microsatellites. Our study also indicated that conservation of 
microsatellite markers between sheep and goat existed in all microsatellite loci used in this study. 

The greater  rate of heterozygosity observed in our study is comparable with the study of 
Bozzi et al, (2009) who noticed that all the sheep breeds showed a significant heterozygote 
deficiency caused by the high level of inbreeding. Such information could help as an initial guide 
to set up a conservation plan and to detect isolated flocks which are important provider to allelic 
variation. 

The average of heterozygosity observed in sheep for all loci was 0.5154 and goat for all 
loci was 0.5492. This heterozygosity range is comparable with Nahas et al, (2008) who worked on 
sheep breeds using microsatellite markers and stated that the average direct count of 
heterozygosity of all loci in each tested breed was less than the expected heterozygosity. This 
difference may be due to variation in sample quantity, different procedure used and different in 
population size and breeds. 

The present study is also comparable with the study by Pandey et al, (2010) who employed 
eighteen microsatellite markers to analyze the genetic diversity of Shahabadi sheep population 
found in Bihar, India within fifty samples. The observed heterozygosity in the population varied 
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from 0.279–0.739 with the mean of 0.501 ± 0.151, reflecting substantial genetic variation in this 
population. The population was observed to be heterozygote deficient (21.5%). 

In present study average PIC value found in sheep breeds was 0.85 and the average PIC 
value found in goat breeds was 0.72 which is less than the PIC value of Gaali et al, (2009), who 
worked on the breed characterization of different sheep breeds using RAPD genetic markers and 
found the PIC value as 0.92. This difference in values may be due to difference in techniques used, 
differences in population size and difference in the number of markers used. 

In the present study, the average of observed number of alleles and effective number of alleles in 
sheep and goat was studied. The observed number of alleles (9.7778) for all loci in sheep was 
higher than the effective number alleles (7.5441). The observed number of alleles (9.7778) for all 
loci in goat was higher than the effective number alleles (6.66). This was also studied by 
Tuntivisoottikul et al, who worked on characterization of different goats using microsatellite 
markers. They showed different numbers of observed and effective alleles in their conclusion. This 
may be due the difference in methods used and differ in breeds and different of molecular markers 
used. 

Average heterozygosity of 0.5154, the average PIC value 0.85 of sheep and Average 
heterozygosity of 0.5492, average PIC value 0.72 of goat were found in the present study by using 
9 microsatellite markers for genetic characterization. This study is comparable for validity and 
efficiency with Fatima et al, (2008) who chose microsatellite pairs from the list suggested by 
International Society for Animal Genetics (ISAG) and amplified in two multiplexes (Set-I: 7 
microsatellites and Set-II: 11 microsatellites) for automated fluorescence genotyping to assess 
bottleneck and analyze genetic variability and genetic distances within and between three goat 
breeds. In their study PIC values exceeded 0.60; heterozygosity values found to be 0.61. 

This was a pioneering study to develop a reliable set of microsatellite markers for breed 
characterization of sheep and goat in Pakistan. As a result of this successful study a reliable, 
efficient and very informative panel of microsatellite markers was successfully developed which 
was capable of breed characterization in both sheep and goat as well as to interpret individual 
identity, parentage analysis and forensic cases. This facility is ready to be provided to local 
breeders of sheep and goat at commercial level. This work will also be highly helpful for breed 
conservation and breed preservation of sheep and goat. In addition, this study can also become a 
basis to open up new disciplines of research on sheep and goat in Pakistan. 

6.4 Camel 

6.4.1 Mitochondrial Cytochrome-b and D-loop Sequence based Genetic Diversity in 
Mareecha and Breela Camel Breeds of Pakistan 

This study was designed on mitochondrial cytochrome b gene (cyt-b) and Displacement (D) loop 
sequence diversity in two camel breeds (Mareecha and Breela) of Pakistan to assess the status 
of genetic diversity and differentiation. Genomic DNA was extracted from 48 samples (Mareecha 
= 25 and Breela = 23). The complete cyt-b gene sequences (1140bp) analysis showed four 
parsimony sites at position 137, 146, 337 and 806 and five haplotypes were constructed, indicating 
low cyt-b gene genetic variability in selected two Pakistani camel breeds. Analysis of complete mt-
DNA D-loop (1214 bp) sequences revealed eight different haplotypes resulting from 32 
polymorphic sites (2.63% of all sites), of which 31 sites were singleton variable sites and one site 
was parsimony informative polymorphic site. The phylogenetic analysis showed two clades of 
camel (camelus), dromedary and bactrian populations that came out as distinct lineage and 
showed distinct genetic distance between them, and all Pakistani camel haplotypes were clustered 
with dromedary camels confirmed their genetic architecture as dromedary camels. Genetic 
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variability assessment on camels is important to preserve this genetic resource and to develop 
future breeding plans to improve camel productivity. 

The complete mitochondrial cyt-b gene and D-loop sequences were detected for 48 
Pakistani camels, 25 for Mareecha and 23 for Breela. The analysis of cyt-b gene revealed five 
haplotypes resulting from four parsimony informative sites at position 137, 146, 337 and 806, of 
which one was synonymous and three were missense mutations. We found three haplotypes in 
Mareecha and two haplotypes in Breela. Analysis of the variable sites revealed two transversions 
(T>A & T>G) and two transitions (T>C & A>G) (Table 39), and no insertions/deletions were 
observed. The averaged nucleotide frequencies of T, A, C and G were 26.1, 31.7, 29.1 and 13.1%, 
respectively. The average haplotype diversity (Hd) and nucleotide diversity (Pi) were 0.8333 ± 
0.1220 and 0.00187 ± 0.00040 respectively, indicating abundant genetic diversity in Pakistani 
camel breeds.   

 

 

Table 6.44 Polymorphic sites detected in mt cytochrome b gene of Pakistani camel breeds 

Position              Wild type               Mutant type                   Transition/Transversion 

137                           T              C                          Transition 
  

146         T      A               Transversion 

337         T      G               Transversion 

806         A      G                                             Transition 

The Phylogenetic tree constructed for mt Cyt-b gene 

The NJ (Neighbor-joining) tree was constructed using MEGA v5 program with 1000 bootstrap. The 
phylogenetic analysis showed two clades of camel (camelus), dromedary and bactrian populations 
that came out as distinct lineage and showed large genetic distance between them. The clade A 
contained all dromedary camels/ single humped camels with all identified Pakistani haplotypes, 
and clade B contains Bactrian camels or two humped camels. The phylogenetic tree showed that 
sheep (Ovis aries) is comparatively closer to camel (camelus) as compare to other species. 
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Figure 6.44 Neighbor Joining Phylogenetic tree of Pakistani Mareecha and Breela breedsbased 
on cytochrome b sequences with already reported Dromedary Bactrian camel, Ovis aries, Capra 
hircus, Bos taurus, Bos indicus, Bubalus bubalis (river and swamp type) using bootstrap value 

1000. 

 

The Phylogenetic three constructed for mtD-loop  

In this study, phylogenetic analysis based on complete mtD-loop sequences (1214bp), showed 
four Pakistani camel haplotypes from both breeds that were found in the same clade with already 
reported dromedary camels (Figure 38).  Like phylogenetic tree constructed for cyt-b, both wild 
and domesticated bactrian camel separated as another cluster. Ovis arie seems closer to camels 
as compared to other species in the tree, Bos taurus, Bos indicus, Bubalus bubalis (river and 
swamp type) maintained their own taxonomic positions. The phylogenetic tree constructed for mtD-
loop showed very similar result with cyt-b gene tree.  
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Figure 6.45 Neighbor Joining Phylogenetic tree of Pakistani Mareecha and Breela breeds based 
om mt D-loop sequences with already reported Dromedary, wild Bactrian and Bactrian camel, Ovis 

aries, Capra hircus, Bos taurus, Bos indicus, Bubalus bubalis (river and swamp type) using 

bootstrap value 1000.  

It is concluded that complete mitochondrial cyt-b gene and D-loop sequence analysis in Mareecha 
and Bareela breed confirmed its genetic makeup as dromedary camels that are closer to other 
reported dromedary camels and they are well distanced from Bactrian camels however Ovis aries 
showed higher similarity as compared to Capra hircus, Bos taurus, Bos indicus, Bubalus bubalis. 
Ahmed et al., (2013) studied the mitochondrial genes in Arabian camel and reported that cyt-b in 
mitochondrial membrane attained the largely substitutions of amino acids. Molecular 
characterization by using microsatellite markers [113, 147], mitochondrial and nuclear markers [29, 
30] of different camel breeds were carried out for genetic diversity analysis. This is the first report 
on camel genetic diversity from Pakistan however more studies with increased number of samples 
including other camel breeds of Pakistan is recommended for getting more insight. Genetic 
variability assessment on camels is important to preserve this genetic resource and to develop 
future breeding plans to improve camel productivity, and also the future research activities with 
larger sample size and other molecular markers such as microsatellites and “Y” chromosomal data 
could provides another views on their phylogenetic architecture. 

6.4.2 Molecular Diversity in ATP6 and ATP8 genes in Dromedaries Camel breeds of 
Pakistan 

The genetic polymorphisms in mitochondrial ATP6 and ATP8 genes in eight Pakistani camel 
breeds (Camelus dromedarius) including Mareecha, Barela, Kachi, Kharani, Thari, Pahari, Watni 
and mix-bred (non-descriptive) were identified. The genetic relationship between the selected 
breeds belonging to miscellaneous geographical region was also carried out on the basis of 
sequences of aforementioned genes. A total of 842 bp including full CDS of both ATP6 and ATP8 
genes showed 11 polymorphic sites in all selected camel breeds. Five polymorphic sites were 
single variable and six were found parsimony informative sites. The neighbor joining phylogenetic 
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tree was constructed through MEGA 5 software, which confirmed all Pakistani camel breeds were 
dromedaries’ type. The phylogenetic tree with 23 other mammalian species reconfirmed the 
classical biological classification. To the best of our knowledge this is the earliest report on selected 
genes in Pakistani dromedary camel breeds. 

Genetic variations 

After sequencing and alignment a total of 842 bp region of both ATP6 and ATP8 genes in 
all eight camel breeds were obtained. No deletion/insertion mutations were found. A total 29 
mutations were detected on 11 different polymorphic sites. Five sites were singleton variable sites 
at position 153, 202, 249, 374 and 572, while six sites 216, 290, 447, 593, 779 and 785 were found 
parsimony informative sites. A total of nine haplotypes were generated from all sequences in eight 
camel breeds. The haplotype (Hd) and nucleotide diversity (Pi) were 0.5290 ± 0.1010 and 0.00181 
± 0.00047 respectively. Because all sequences obtained from different geographical regions 
across the country, the Tajima’s D value -1.33564 designated signature of population’s expansion. 

The average number of nucleotide difference in all studied camel breeds were K: 1.52605. 
Haplotype 1 included Thari, Kharani and Pahari. Haplotype 2 included Kachi. Haplotype 3 was 
shared by three camel breeds Watni, Mix breed and Mareecha. Haplotype 4 have a single breeds 
Barela, Haplotpe 5 included Barela, Haplotype 6 have a single Mix breed, Haplotype 7 included 
mix breed, Haplotype 8 included Mareecha camel and Haplotype 9 also included Mareecha camel 
breed.   

Mareecha and Mix breed represent three haplotyes (Hap3, Hap8, Hap9 and Hap3, Hap6, 
Hap7 respectively), while Barela showed two haplotypes (Hap4 and Hap5) and the remaining five 
camel breeds Pahari (Hap1), Kachi (Hap2), Thari (Hap1), Watni (Hap3) and Kharani (Hap1) 
revealed one haplotype. Haplotype1 is shared by three camel breeds including Thari, Kharani and 
Pahari while Haplotype3 is shared by Watni, Mix breeds and Mareecha.   

Phylogenetic analysis  

The neighbour joining phylogenetic tree was constructed between eight studied breeds of 
camel on the basis of consensus sequences of ATP6 and ATP8 genes from each breed. Support 
for individual branch of phylogenetic tree was assessed by bootstrap percentages computed after 
1000 replicates. 

The result showed the genetic relatedness of these breeds as the Mareecha and Pahari 
camel breeds of the Punjab are grouped together. Similarly the camel breeds sampled from 
Balochistan province of Pakistan are also grouped close to each other i.e. Thari, Watni, Kharani 
and Kachhi camel breeds (Figure 39). The ATP8 and ATP6 genes sequence data of studied breeds 
was compared with other international reported sequence data (available in GenBank NCBI). The 
Sheep (Ovis aries) ATP8 and ATP6 sequence was selected as outer group. All studied single 
humped camel of Pakistan (Camelus dromedarius) grouped together along with Arabian camel 
(Camelus dromedarius) sequence. The two humped camels (Camelus bactrianus) were also 

grouped together in another clade, confirming the genetic differences between two types of camel.  

6.4.3 Discussion on mitochondrial sequences in Pakistani camel  

The phylogenetic tree based on consensus sequences of eight Pakistani camel breeds 
showed their genetic relationships among each other. The tree was according to the geographical 
distances between different breeds. The breeds from Balochistan grouped together, while the 
breeds from Punjab province grouped close to each other. Barela camel breed of Punjab and 
Kachhi breed of Balochistan showed relatedness in the phylogenetic tree as geographically and 
found in close vicinity so there may be some intermixing of genome due to the possibility of cross 
breeding followed by the migration of local people from one area to other.  
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There have been some studies on phylogeny of camel in the world based on mitochondrial 
genome, in which Cyt b and D-loop region of mitochondria were evaluated and phylogenetic 
relationships were also recognized among sub-species of South American Camelids, in which they 
included sequences of three of the four sub-species of Lama guanicoe (guanaco) and both of 
the Vicugna vicugna (vicuña) as well to check the relatedness, similar to the current study [60, 142,  
37] . Another South American Camilid study, which validates the use of control region of 
mitochondrial genome as a molecular biomarker to deduce data on Camelid genetic relationships 
and population biodiversity [91], similarly nucleotide sequence of a polyubiquitin gene (PUBC1) of 
(Camelus dromedarius) was also used to have an insight of genetic diversity in one of the arabian 
camel study, which revealed that there are genetic variaion, one of the 325 bp motif was 95% and 
88% identical to human polyubiquitin gene B and C respectively and synonymous altereration were 
observed, while their amino acid sequence was 100 % homologous [3]. Microsatellite markers can 
also be served as a tool for determining population diversity, one of the Egyptian studies revealed 
that RAPD markers results showed genetic variation between and within different camel breeds. 
The phylogenetic relationship between the five camel breeds showed two groups. The first group 
includes Maghrabi, Baladi and Mowallad, while the second group of Sudani and Somali. This study 
showed that Mowallad breed was very close to both Baladi and Maghrabi which confirm the origin 
of Mowallad as a hybrid between Baladi and Maghrabi breeds [87]. Another phylogenetic tree was 
constructed in the current study using haplotypes from Pakistani camel along with other species. 
The one clade in the phylogenetic tree was consisted of single humped camel (Camelus 
dromedarius) i.e. Pakistani and Arabian camel and two humped camel (Camelus bactrianus), while 
the next clade consisted of the biological cousins of camel i.e. Lama (Lama glama), Guanaco 
(Lama guanicoe) and Vicugna (Vicugna icugna).  

The second major branch of the phylogenetic tree consisted of all other mammals. This 
major branch was further divided into two sub branches i.e. Bovine family representing cattle i.e. 
Bos taurus (non-humped cattle) and Bos indicus (humped cattle) together, Yak (Bos grunniens) 
and American bison (Bison bison) together, then buffalo (Bubalus bubalis), the Sheep (Ovis aries) 
and goat (Capra hircus) together. One of similar sort of Mongolian domestic bacterian camel study 
demonstrates that their local bacterian camel are in close relatedness to Chinese bacterian and 
dromedries [29, 30].  One of the phylogenetic studies of domestic and wild-type camels revealed 
that extant wild type two-humped camel may not share common ancestors with bacterian domestic 
camels is not the same sub-species in their maternal origins [34]. The second sub branch was 
consisting of other mammal species i.e. Peruvian guemal (Hippocamelus antisensis), Gray brocket 
(Mazama gouazoupira), Red brocket (Mazama americana), white tailed deer (Odocoileus 
virginianus) as they were grouped together. Similarly the Barsingha (Rucervus duvaucelii), 
Mesopotamian fallow deer (Dama mesopotamica), Yarkland deer (Cervus elaphus yarkandensis) 
and Formosan Sika deer (Cervus Nippon taiouanus) were also grouped together. 

The ATP6 and ATP8 genes sequence of human (Homo sapiens) was taken as outer group 
and it clearly differed and separated from rest of the phylogenetic tree leaves i.e. camel, bovine, 
ovine, caprine and other mammals.  

The results on the genetic architecture of Pakistani camel breeds produced base-line 
information on camel genetics. In general, the low genetic distances between the studied breeds 
can give an insight about their origin and evolution. This may be helpful in understanding genetic 
relationships between and among different camel breeds. This study may be used to design proper 
breeding and conservation policies for camel in Pakistan to save this important genetic resource 
of the country. 
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Figure 6.46 Neighbor Joining tree of selected camel breeds of Pakistan with other reported 
sequences from different mammalian species, constructed using MEGA 6.1. 
 

6.4.4 Camel DRB3 gene sequence analysis 

BoLA-DRB3 gene is responsible for the differences in the susceptibility to infectious disease in 
mammals and is considered more-appropriate for comparative evolutionary studies. Here we 
present 247 bp sequence of BoLA-DRB3 gene exon 2 in 20 individuals of Mareecha camel breed 
and non-descript camel of Pakistan. We identified this gene as highly polymorphic as 10 different 
polymorphic sites (3 singleton and 7 Parsimony informative sites) were detected that may be 
related to the variability in the immune responsiveness of different individuals to particular 
pathogens. Ten identified haplotypes showed haplotype diversity 0.879 and nucleotide diversity 
0.01445. The phylogenetic tree was also constructed using MEGA v5.05 which indicated close 
relationship between camel and Ovis aries. This is the preliminary report on MHC genes in 
Pakistani camel that may be useful for the association of polymorphisms with the disease 
resistance and tolerance to various infectious agents in different breeds of camel in future. 



206 
 

The sequence analysis of DRB3 exon 2 showed. The final 247 bp portion under analysis 
showed polymorphisms at 10 different positions. There were 3 singleton variable sites (at position 
177, 198, 222) and 7 Parsimony informative sites at position 64, 135, 143, 174, 187, 197, 199. Ten 
haplotypes were found with 0.879 haplotype diversity. While Nucleotide diversity was 0.01445. The 
Phylogenetic analysis (accession no of different mammals shown in the tree) showed that all 
identified haplotypes are clustered together and closer to Ovis aries. Bos grunniens also positioned 
close to camel. Bubalus bubalis, Capra hircus and deer fall in separate branches close to camel. 
Gorilla gorilla and Homo sapiens share the same clade. Sea lion, bottlenose dolphin, domestic cat, 
dog and pig fall near to each other and rat and mouse share the same clade. Bos taurus and Bos 
indicus were used as outer group and they are very well separated from camel DRB3 exon 2 
genome showing high genetic difference between them. The tree reconfirmed the status of other 
Bovidae, Canidae and Felidae families. Bos taurus and Bos indicus was grouped together while 
Bubalus bubalis, Bos grunniens, Capra hircus and deer kept their separate branch. Gorilla and 
Homo sapiens were also grouped together. The DRB3 gene was found very useful for inferring 
variation in immune responses as well as the evolutionary understanding in different species. This 
study provided new information to examine the MHC-pathogen co-evolution in other camel breeds 
as well. 

6.4.5 Camel Prion protein Analysis 

Two humped camels are small in numbers and typically found in northwest part of the country. 
Due to limited population Camelius dromedary listed as endangered species. Camelius dromedary 
specie of Pakistani camels was selected for the current study. All the enrolled subjects were 
healthy and belong to different geographical regions of Pakistan. Genomic DNA was amplified 
using prion region specific primer pair. The Sequences of prion region specific primers used were 
as follow: forward primer (5′ATCCTGGTTCTCTTTGTGGT3′) and reveres primer 
(5′CCCACTATGAGGAAAATGAG3′). The PrP published sequences of 61 mammalian species 
from different part of the world were used to compare and analyze with the two humped camels of 
Pakistan.  MEGA v 6 was used for molecular evolution and phylogenetic analysis. The Neighbor-
Joining (N-J) method with bootstrap analysis of 1000 replicates was used to draw phylogenetic 
tree 
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Figure 6.47 Phylogenetic Analysis of prion protein gene in Pakistani camel in comparison to other 

mammals  

6.4.6  Interferon Alpha Based Genetic Diversity Analysis of Pakistani Camel Breeds 

6.4.6.1 Alignment of the targeted sequences (Clustal W): 

In order to align multiple sequences of IFN-α gene from different camel breeds, we used clustal 
series of program. This analysis of sequences will help in constructing phylogenetic trees [28]. 

 

 

 



210 
 

6.4.6.2  Identification of SNP’s:  

After doing alignment of IFN-α sequence of camel breeds, SNP’s were found at position  2, 8, 11, 
13, 15, 16, 32, 36, 38, 43, 80, 140, 174, 189 and there were 32 Heterozygous positions. 
Identification of these SNPs was done in order to determine the genotype associated with specific 
phenotype. Investigation of genetic divergence and breed formation of particular specie can be 
done using SNP data [156, 5]. In this way new methods and markers could be developed for 
selective breeding which will reduce labor-intensive work of laboratory.  

Table 6.45: Polymorphic sites detected in the IFN-α region of Pakistani Camel  

Name of Breed 
SNPs 

Position 
SNP 

Nucleotide 
Change 

with 
Notations 

Transition 
or 

Transversion 

 
Non- descript camel_89 

 
43 

 
G 

 
T 

 
- 

 
Transversion 

 174 G C - Transversion 

Non- descript camel_88 13 A C - Transversion 

 43 G T - Transversion 

Mareecha_Camel_92 16 C T - Transition 

 43 G T - Transversion 

Non- descript camel_86 11 A M A/C - 

 13 A M A/C - 

 16 C Y T/C Transition 

 36 T Y T/C Transition 

 38 C M A/C - 

 80 T G - Transversion 

 189 G R G/A Transition 

Non- descript camel_85 2 G S G/C - 

 8 G R G/A Transition 

 11 A M A/C - 

 15 C S G/C - 

 16 C T - Transition 

 36 T Y T/C Transition 

 38 C M A/C - 

 140 G K G/T - 

 189 G R G/A Transition 

Non- descript camel_87 8 G R G/A Transition 

 11 A M A/C - 

 13 A M A/C - 

 15 C S G/C - 

 32 T W A/T - 

 36 T Y T/C Transition 

 38 C M A/C - 

Mareecha_Camel_91 2 G C - Transversion 

 8 G R G/A Transition 

 11 A M A/C - 

 13 A C - Transversion 
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 15 C S G/C - 

 38 C M A/C - 

 80 T K G/T - 

Mareecha_Camel_93 8 G R G/A Transition 

 11 A M A/C - 

 15 C S G/C - 

 16 C T - Transition 

 32 T W A/T - 

 38 C M A/C - 

 80 T G - Transversion 

 189 G R G/A Transition 

 

Based on these variations, we constructed a phylogenetic tree for IFN-α gene sequence of camel 
and other available sequence data from different species as outer groups.   

6.4.6.3  Phylogenetic analysis 

To understand better the evolutionary relationship among camel breeds of Pakistan, we 
constructed phylogenetic tree according to UPGMA method implemented in MEGA [150]. The 
reliability of the branches was assessed by bootstrap analysis.  

 

 

Figure 6.48: UPGMA method based Phylogenetic tree based on IFN-α nucleotide sequences from 

Pakistani Camel breeds using MEGA6. 

We compared our findings in particular to the following species: Bubalus bubalis, Pantholops 
hodgsonii, Capra hircus, Ovis aries, Bos taurus, Bos mutus, Bos grunniens, Antilope cervicapra, 
Delphinapterus leucas, Delphinapterus delphis, Stenella longirostris and Orcinus orca as outer 

group. 
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Figure 6.49 UPGMA method based Phylogenetic tree based on IFN-α nucleotide sequences of 

camel from Pakistan and worldwide reported camels along with other species using MEGA6. 

 

The study reveals the evolutionary history of camels and provides insights on the genetic basis of 
camel’s immune system.  

6.4.7 Interferon Beta 1 based Genetic Analysis of Pakistani Dromedary Camel 

In efforts to explore the genetics of camel we studied Interferon beta 1 (IFNβ1) gene in camel from 
Mareecha and non-descript camel breeds of Pakistan. We amplified IFNβ1 gene through PCR 
followed by sequencing. All the sequences were aligned and edited through CodonCode aligner 
and finally selected 364 bp portion for further analysis. We identified dual peaks/ heterozygous 
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conditions at positions 36 (M i.e. A/C), 87 and 225 (Y i.e. T/C). The phylogenetic tree was 
constructed through MEGA 6.1 software package using Neighbor Joining method with 1000 
bootstrap value. The dromedary camel sequences from Pakistan were compared with 
corresponding sequences available on NCBI including European bison, Indian bison, Tibetan 
antelope, wild yak, domestic goat, sheep, water buffalo and cattle for biological positioning of 
dromedary camel. The results reconfirmed the classical biological classification. This is the first 
report of IFNβ1 gene in dromedary camels and it will pave the path for further studies on immunity 
genes to explore the camel genetic worth. 

 

Figure6.50  NJ method based Phylogenetic tree for dromedary camel breeds of Pakistan based 
on INFβ1 nucleotide sequences from different species using MEGA6. 

 



214 
 

6.4.8 Heat Shock Protein 40/ DNAJA1 Gene Sequence analysis in Mareecha Camel  

Heat Shock Proteins (HSP) act as a molecular chaperones that assist an organisms to cope in 
stress conditions. Whole blood samples were collected from 50 unrelated adult individuals of 
Mareecha camel breed of the Punjab province of Pakistan. Following DNA isolation, PCR 
amplification and amplicon sequencing of the J domain in Wild Bacterian camel (Camelus ferus), 
a 486 base pair region targeted using gene specific primers was subjected to further analysis. No 
Single Nucleotide Polymorphism (SNPs) was detected from the aligned sequences, indicating that 
this region in Mareecha camel is highly conserved. . The phylogenetic tree reconfirmed the 
biological taxonomy of mammals. Blast N analyses indicated that camel DNAJA1/HSP40 gene 
possessed 99% sequence homology with Alpaca (XM_006216827.1) and Bactrian camel 
(XM_006182702.1). Camel formed separate cluster from the primates and showed 94% homology 
with cattle, sheep and buffalo. This study signifies that the DNA sequences of HSP40/DNAJA1 J 
domain region of the Mareecha camel breed are highly conserved and may be central to the 
improvemement of the chaperoning and adaptation potentials of Mareecha camel in the desert 
region. 

6.4.8.1  Sample Collection, DNA isolation and Quantification 

This study was carried out using 50 unrelated Dromedary Mareecha camel breed of Pakistan 
collected from Camel Breeding and Research Station at Rakh Mahni, District Bhakkar, Punjab and 
different local camel farmer breed owners in the surrounding areas. Proper record in which related 
information describing the breed, age, sex, animal ID and location was maintained. Genomic DNA 
was isolated following the protocol mentioned (Sambrook and Russel, 2001). DNA yield and quality 
was assessed using a NanoDrop ND-100 UV/V Spectrophotometer. All the DNA samples were 
stored in freezer at -20°C. 

6.4.8.2  Primer Designing and PCR amplification 

Specific primers for the amplification of HSP40/DNAJ1 gene in camel was designed using software 
Primer3 (Steve and Skaletsky, 2000) using the DNAJA1 (HSP40) homolog, subfamily A, member 
1 Camelus ferus (Wild Bactrian camel) Gene ID: 102517119 as reference sequence. HSP1-Fw 
CAGTTGAAAGTCGGTTAAAATGG and HSP2-Rev TGCTCTGATCAGGGGCTAAC primers were 
utilized to target the J domain of DNAJA1 gene. The following PCR conditions were applied: DNA 
(50ng/uL) 2.0 μL, PCR Buffer (2mM) 2 μL, Primer F and Primer R 1 μL, dNTPs (25mM) 2.5 μL, 
MgCl2 2 μL, Taq DNA Polymerase (5U/μL), 0.25μL, Distilled water 14.25 μL in 25 μL reaction 
mixture. For amplification the samples were cycled with the initial denaturation at 94oC for 4 min. 
followed by 35 cycles of Denaturation at 94 oC for 30 sec, Annealing at 57 oC for 50 sec. and 
Extension at 72 oC for 45 sec. A final extension at 72 oC for 10 min at the end of amplification cycles 
was included. The presence of PCR products was determined by electrophoresis of 3μl of each 
reaction product in 1.2% (w/v) agarose gel and visualized after staining with Ethidium bromide 
under UV light using Gel Documentation system (Bio-Rad, USA). 

 

6.4.8.2  Sequence Analysis 

PCR amplification of 566 base pair fragment which makes up the N-terminal region of HSP40 gene 
spanning exons 1 and 2, intron 2 and partial intron 3. The PCR products were purified using BIO 
BASIC PCR product purification kit (BIO BASIC Canada Inc.) as per manufacturer’s 
recommendations and sequenced through Sanger’s method using ABI Genetic Analyzer 3130xl. 
Alignment of sequences was done using CodonCode Aligner software package for SNPs 
identification. Phylogenetic analysis of camel HSP40 and other mammalian sequences was 
constructed using MEGA version 6.1 [14] using Neighbor Joining Method with 1000 bootstrap 
value. 
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6.4.9 Results 

6.4.9.1  SNP identification 

A portion of 486 bp was finally selected for analysis based on sequence quality. Interestingly no 
Single Nucleotide Polymorphism (SNP) was detected from the aligned sequences indicating that 
DNAJA1 of Mareecha camel breed of Pakistan was highly conserved. 

6.4.9.2  The BLAST Analysis 

BlastN analysis of the N-terminal J domain region of the DNAJA1 gene of Mareecha dromedary 
camel showed 99% similarity to the alpaca (Vicugna Pacos) DNAJA1 gene with accession number 
XM_006216827.1. The sequence of Mareecha camel breed was also compared with HSP40 DNA 
sequences of different mammals namely, Alpaca, Wild Bactrian Camel, Feral Pig, Chimpanzee, 
Humans, White cheek gibbon, Black-headed Squirrel Monkey, White Flag Dolphin, Common 
Minke Whale, Amur Tiger, Walrus, Killer Whale, Western Lowland Gorilla, Olive Baboon, Common 
Marmoset, Horse, Goat, Common Shrew, Sumatran Orangutan, Cat, Weddell Seal, Chinese tree 
shrew, Dog, Naked Mole Rat, Southern White Rhino, Little Brown Bat, Tibetan Antelope, Yak, 
Water buffalo, David's Myotis Bat, Small-eared Galago, Thirteen-lined Ground Squirrel. The 
nucleotide sequence of Mareecha camel HSP40 /DNAJA1 showed 99% homology with Alpaca, 
97% with feral pig, 96% with that of Chimpanzee, Humans, White cheek gibbon, Black-headed 
Squirrel Monkey, Goat, Common Shrew, Chiru, Domestic water buffalo and 95% with White Flag 
Dolphin, Common Minke Whale, Amur Tiger, Central Flying-fox, Walrus, Killer Whale, Western 
Lowland Gorilla, Olive Baboon, Common Marmoset, Horse, Yak, Cat, Dog, Rat, which indicated 
close evolutionary relationship. 

6.4.9.2  Phylogenetic Analysis 

Molecular phylogenetic tree was constructed between Mareecha camel breed of Pakistan and 
other mammalian species using the coding regions (Exon 1, Intron 2, Exon 2, Intron 3 partial) of 
DNAJA1/HSP40 functional genes in our study. The result obtained are consistent with the 
zoological classification which classified dromedary camel (Mareecha), Alpaca and Bactrian camel 
into one category (Camelids), and buffalo, goat, sheep, cattle into another (Bovidae). Primates 
formed a separate cluster containing rhesus monkey, green monkey, olive baboon, chimpanzee, 
dwarf chimpanzee, western lowland gorilla, humans, white cheek gibbon, black headed squirrel 
and common marmoset. Therefore, to a great extent, the molecular phylogenetic tree constructed 
using the DNAJA1/HSP40 genes reflected the evolutionary relationship that pre-existed in 

camelids. 

6.4.9.3  Pair-Wise Distance Matrix 

Pair-wise distance matrix between DNA sequences was constructed using “BH87” model in 
Bioconductor [15]. Distance between two identical or same sequences would be obviously none 
while more diversified sequences are more distantly related to each other. After analyzing the 
distant matrix, we picked up phylogenetic distance profile for the Pakistani dromedary camel 
(Mareecha breed) and plotted against different mammalian species sequences reported on 
GenBank NCBI (www.ncbi.nlm.nih.gov/).  

6.4.9.4  Discussion 

Camel dynamism and its remarkable characteristics have made it one of a kind and entrancing 
animal, whose fortunes are still not fully disclosed. It is very lamentably that such a well-habituated 
livestock like camel is disregarded particularly in emerging events like desertification, 
environmental change and a worldwide temperature alteration. Factors like change in temperature, 
modified pH and oxygen needs, makes it a challenge for proteins to adopt their proper structures. 
HSPs plays a discriminating part in the improvement of thermotolerance and protection from cell 
harm connected with stresses. These perceptions propose that HSPs assume an imperative part 

http://www.ncbi.nlm.nih.gov/


216 
 

in both animal cell homeostasis and the stress response [16]. Less consideration is given to camel 
improvement for many years when planning national development. There are many untouched 
areas of research and development in this specie. On that ground, it is suggested to single out 
distinct camel breeds using modern molecular biology technique. Study of the genetic diversity of 
camel breeds and molecular diagnosis of camel diseases should be the focused. 

6.4.9.5  Conclusion 

No SNPs in HSP40/DNAJA1 gene of Mareecha camels found possibly due to the importance of 
this region to adaptation and chaperoning functions. This is the first report on HSP40 DNAJA1 
gene in single humped dromedary camels in the world. We propose that further studies on other 
camel breeds of Pakistan should be carried out to better understand the underlying evolutionary 
events that may be crucial to gaining more insights in the thermal biology of DNAJA1 gene in 
camels. 

6.5 Chicken 
Indian Aseel chicken (Gallus gallus) is traditionally used as a favorite game bird all over the world. 
Bird fighting communities of Pakistan are the major source of its conservation and there are at 
least four distinctively recognized varieties of Aseel chicken based upon selective breeding, 
geographical location and color patterns. A pioneering study on genetic diversity of these varieties 
namely Lakha (n=17), Mushki (n=19), Mianwali (n=19) and Peshawari (n=13) was undertaken 
using FAO recommended 10 microsatellite loci. A total of 91 alleles were observed in 4 varieties 
of Aseel chicken with an average of 9.1 alleles per locus. Number of alleles varied between 4 to 8 
in Lakha, 4 to 9 in Mushki, 3 to 10 in Mianwali and 3 to 7 in Pashawari. Mean polymorphic 
information content values were 0.67, 0.69, 0.71 and 0.65 in individual varieties respectively. Mean 
observed and expected heterozygosity index values of 0.3941 and 0.7376 were recorded in Lakha, 
0.4105 and 0.7468 for Mushki, 0.4105 and 0.7718 Mianwali and 0.3692 and 0.7191 for Peshawari. 
Mean Fixation index (Fst) va lue was calculated as 0.1264. Highest Nei’s standard genetic distance 
(Ds) value of 1.0735 was observed between Mushki and Peshawari, whereas its value was 
minimum (0.3533) between Lakha and Mushki. This report describes genetic diversity of Aseel 
chicken in Pakistan and provides foundation data to initiate extensive and more comprehensive 
studies on indigenous chicken genetic resource conservation and its future utilization in 
commercial breeding programs. 

6.5.1    Genetic Variations 

All 10 loci were found polymorphic in four Aseel varieties of Pakistan under study. The analysis of 
data revealed that the observed number of alleles varied from 4 to 8 in Lakha 4 to 9 in Mushki, 3 
to 10 in Mianwali and 3 to 7 in Pashawari. Numbers of alleles per locus ranged from 6 (MCW059) 
to 14 (ADL136) with mean number of loci 9.1+2.18 in all microsatellite loci. This study indicated 
slightly higher number of alleles when compared to the findings of Parmar et al. (2007) and 
Alipanah et al. (2011), whereas the findings of Pandey et al. (2003) in Indian Aseel (3 to 9 alleles) 
were similar to this study. Mean numbers of effective alleles in all populations were 6 + 1.48 
compared to 3.09 as reported by Pandey et al. (2003). The highest overall PIC value was found in 
locus MCW5 (0.88) while lowest in locus ADL102 (0.71) for all four varieties (Table 2). The 
average, PIC values for all loci among four varieties were calculated to be 0.67, 0.69, 0.71 and 
0.65 for Lakha (Cheena), Mushki, Mianwali and Peshawari respectively (Tables 3, 4, 5, 6). These 
PIC values are slightly higher to those reported by Pandey et al. (2003) and comparable with 
Tibetan chicken (0.71) by Kong et al. (2010) and Brazilian Chicken (0.73) as reported by 
Clementino et al. (2010). Overall high PIC value indicates that the particular locus is highly 
informative which may be used to resolve queries of forensic nature and help to evaluate the 
genetic diversity of different breeds of poultry.  
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6.5.2  Heterozygosity of Markers 

Overall expected heterozygosity (He) value for all microsatellite loci among all four varieties was 
found with 0.8329 (Table 2) which is on the higher side when compared to 0.701 as reported by 
Parmar et al. (2007) in indigenous Kadaknath breed of poultry and 0.62 in Vietnamese chickens 
by Berthouly et al. (2010). However Pirany et al. (2007) reported it as 0.78 in some Indian chicken 
populations which is closer to current study. The average values of observed and expected 
heterozygosity of all varieties of Aseel chicken varied between 0.3941 and 0.7376 for Lakha, 
0.4105 and 0.7468 for Mushki, 0.4105 and 0.7718 for Mianwali, 0.3692 and 0.7191 in Peshawari 
(Table 7). These results are indicative of relatively higher degree of heterozygosity in Pakistani 
Aseel varieties. Mianwali presented highest. Expected heterozygosity based genetic variability, 
followed by Mushki, Lakha and Peshawari which demonstrates low level of inbreeding in these 
populations.  

6.5.3  Genetic Distances 

Pairwise Nei’s genetic distances (Nei, 1978) was used to estimate evolutionary divergence among 
four varieties of Aseel chicken. Dendrogram of all four varieties is shown in Fig 1. Highest genetic 
distance was observed between Mushki and Peshawari (1.0735), consequently yielding least 
genetic identity (0.3418). Lakha and Mushki on the other hand demonstrated least genetic distance 
value (0.3533) therefore showing highest genetic similarity (0.7023; Table 8). This information is 
important to devise effective breeding strategies for genetic improvement of these varieties 
depending upon the nature of market demand for higher growth rate, free range poultry meat, free 
range eggs and to breed them pure for taking advantage of heterosis in economic traits for between 
and within indigenous chicken populations of Pakistan.  

6.5.4  Conclusions 

The genetic diversity analysis of Aseel chicken varieties revealed their close genetic relationships 
and provided basic information for future detailed studies to preserve this important part of animal 
genetic resource of Pakistan. Microsatellite markers can effectively be used for genetic 
characterization of chicken. 

 

6.6 Horse 

6.6.1 Horse Parentage Analysis and Breed Characterization by Microsatellite Markers 

The aim of this study was to develop a panel of microsatellite markers for paternity analysis 
and selected horse breed characterization. A total of 44 blood samples from 20 families of three 
horse breeds, Percheron, Pak Arab and Thoroughbred, were collected. Genomic  DNA  was  
extracted  and  genotyped  for  13 microsatellite  markers  (HMS6,  ASB2  ASB17,  UM004,  
UM011,  TKY438  ,TKY456, TKY19, AHT17, HTG5, HTG20, HTG06 and  TKY471). Genotyping 
was carried out by multiplexing PCR procedure and showed reasonable amplification of all PCR 
products. Alleles for all microsatellite markers were analyzed statistically us ing POPGEN32 and 
POWER STAT softwares.  The  statistical  analysis  showed  average Polymorphism Information 
Content (PIC)  value  0.97, average  observed  heterozygosity 0.9231, average observed 
homozygosity 0.0769 and combined power of  exclusion (P.E) 0.9999 for 13 microsatellite 
markers. Population genetic identity between Percheron & Pak Arab breed and Percheron and 
Thoroughbred was up to 0 . 34 7  and 0.6157 resp ec t i ve l y .  This study signifies tha t  t h i s  
pane l  of microsatellite markers is powerful reliable tool for breed characterization and parentage 
analysis and will facilitate breeder for the import and export of horses of these breeds in and around 
the country by confirming purity of breed in an authentic way. 
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Table 6.46 Population Genetic Distance and Genetic Identity among Percheron, Pak Arab and 

Thorough bred horse breeds in Pakistan. 

 

Table 6.47 The average values of Ne = Number of effective alleles, PIC= Polymorphism 
Information Content, PE = Power of Exclusion, Fst = Wright’s fixation index, Nm = Gene Flow, 
based on 13 microsatellite markers in four horse breeds in Pakistan. 

 

6.6.2  Conclusion and Suggestions 

Allelic   variations,   allelic   frequencies,   PE, heterozygosity and PIC values were excellent in 
all microsatellite markers. The panel of thirteen microsatellite markers used in this investigation 
was highly polymorphic and informative for both parentage verification and breed 
characterization in horses. This study will be helpful for breeders to solve the problems related to 

Locus Ne Fst Nm Ave_Het PE PIC 

HSM6 5.9845 0.0705 3.2980 0.7732 0.999 0.81 

ASB2 7.4034 0.0766 3.0153 0.8024 0.999 0.85 

UM011 5.3114 0.0643 3.6369 0.7498 0.908 0.80 

TKY438 3.6391 0.0622 3.7717 0.6988 0.861 0.83 

UM004 6.4533 0.1225 1.7908 0.7320 0.814 0.70 

AHT17 9.7778 0.0986 2.2862 0.8083 0.999 0.89 

HTG5 5.3928 0.0577 4.0824 0.760 0.814 0.79 

ASB17 9.3753 0.1011 2.2217 0.8064 0.999 0.88 

HTG20 6.8897 0.0823 2.7885 0.7907 0.954 0.84 

HTG06 4.4100 0.1815 1.1272 0.6312 0.435 0.74 

TKY456 8.5286 0.1138 1.9472 0.7791 0.908 0.87 

TKY471 11.8773 0.1021 2.1984 0.8226 0.999 0.91 

TKY19 5.3407 0.1050 2.1302 0.7275 0.401 0.79 

Mean 6.9526 0.0953 2.3722 0.7602 0.853077 0.823077 

Population Genetic Identity Population Genetic Distance 

Breeds Pak Arab Thorough bred Pak Arab Thoroughbred 

     
Percheron 0.3470 0.6157 1.0585 0.4850 

Pak Arab - 0.6616 - 0.4131 
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registration issues, confirming lineages, maintain pedigree database and for breed conservation in 
Pakistan.  

6.7  Dog 

6.7.1  A Panel of Microsatellite Markers for Genetic Diversity and Parentage analysis of 
German Shepherd and Labrador Retriever Dog Breeds in Pakistan 

A molecular genetics tool comprised of a panel of 15 short tandem repeats (STR) also called as 
microsatellite markers was developed and investigated for parentage analysis and breed 
characterization of two most kept breeds of dogs including German shepherd and Labrador 
retriever in Pakistan. Blood samples of 20 dog families (10 from each breed) were collected from 
Army dog Breeding Training Center and School, Rawalpindi, Pakistan and Kennel Club of 
Pakistan. DNA was extracted by standard inorganic protocol. Microsatellite markers with high 
Polymorphism Information Content (PIC) and He (Hetrozygosity) values were selected and 
optimized into four multiplexes. Amplification reactions were followed by genotyping in 7% non-
denaturing polyacrylamide gel electrophoresis (PAGE). Parentage analysis performed for 20 
families using this panel of microsatellite markers was 100% successful. Average values of 
Polymorphism Information Content (PIC), Heterozygosity (He) and Combined Power of Exclusion 
(CPE) combined for both of the breeds were found to be 0.724, 0.6345 and 0.9998 respectively. 
Deviation from Hardy-Weinberg equilibrium equation was observed moderately by the panel of 
microsatellite markers for both of the breeds. Allelic frequencies for majority of the microsatellite 
markers among both dog breeds were clearly distinct. The panel of 15 microsatellite markers could 
effectively validate parentage and breed characterization in dogs.      
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Table 6.48 Number of effective  alleles,  polymorphism  information  content,  power  of 

exclusion, Differentiation in subpopulations in dog  

Ne = Number of effective alleles, PIC = Polymorphism Information Content, PE = Power of 
Exclusion, Fst = Differentiation in subpopulations, Na = Total number of alleles, Ho = Heterozygosity 
observed, He = Heterozygosity expected 

 

6.8 Wild Punjab Urial 

6.8.1 Mitochondrial DNA D-Loop Based Diversity and Evolutionary Analysis 

 

The taxonomy and systematics of wild sheep is complex with several classifications and revisions 
proposed on the basis of morphology, geographic distribution and chromosome number. Punjab 
Urial (O. vignei punjabiensis), an important sub-species of O. vignei is distributed in Pakistan and 
classified under vulnerable category, the taxonomic status of which remains uncertain. Analysis of 
mitochondrial DNA D-Loop of O. vignei punjabiensis revealed wide variations in the number and 
pattern of tandem repeats as compared to other Moufloniform wild sheep. The nucleotide and 
haplotype diversity was low to moderate. The average pairwise differences of Urial type sheep and 
other Moufloniform wild sheep populations was high indicating the distinctness of O. vignei. 
Bayesian and maximum likelihood phylogeny clearly established the divide between the lineages 
of O. orientalis and O. vignei populations. Also, the average pairwise differences was significantly 
higher (P<0.01) between O. vignei bochariensis and O. vignei punjabiensis, despite both the 

Locus 
Allele 
Range 

German Shepherd 

Na Ne Ho He PIC PE P-value Fis 
REN04M22 7-8 4 2.44    0.5652 0.6029 0.52 0.251 0.33099   0.0417    

REN02K21a 6-10 7 5.24     0.7826  0.8261 0.78 0.648 0.02282   -0.0210 

REN01E5a 13-16 6 3.75     0.8261 0.7498 0.69 0.648 0.40796   -0.1263 

REN41D20b 17-26 12 8.82     1.0000 0.9063 0.88 0.912 0.03275   -0.1279 

REN105L03 18-17 5 3.14     0.5652 0.6966 0.63 0.251 0.18057   0.1706 

REN42M07 16-13 4 2.19    0.6522 0.5556 0.48 0.358 0.05820   -0.2000 

FH2054 21-26 3 2.39    0.8696 0.5952 0.52 0.734 0.00481   -0.4935 

REN49F22b 7-6 2 1.24   0.2174 0.1981 0.17 0.035 1.00000   -0.1220 

REN162C04 7-11 4 2.80    0.5217 0.6570 0.64 0.472 0.29353   0.1882 

AHTk211 10-7 4 2.77     0.6956 0.6531 0.57 0.422 0.76796   -0.0888 

REN45F03b 66-59 4 2.71     1.0000 0.6454 0.57 0.999 0.00000   -0.5838 

REN67C18a 49-37 2 2.00   1.0000 0.5111 0.38 0.999 0.00000   -1.0000 

REN47J11b 33-26 7 5.48     1.0000 0.8356 0.80 0.999 0.00058   -0.2231 

REN42N13b 13-27 4 1.65     0.3913 0.4029 0.31 0.065 0.79190   0.0072 

REN47D17 26-14 3 2.17    1.0000 0.5517 0.43 0.999 0.00000   -0.8529 

Mean  4.73 3.25 0.7420     0.7391 0.558   -0.5864 
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populations being classified as sub-species of Urial type sheep. To compare O. vignei punjabiensis 
with Argaliform and Pachyceriform wild sheep, pairwise FST were utilized to perform principal 
components analysis (PCA). PCA revealed clustering of Asiatic (O. orientalis), European (O. 
musimon) and Captive Mouflon type in one plane while O. nivicola and O. canadensis clustered 
separately. O. ammon and O. vignei bochariensis were observed to be clustering together while 
O. vignei punjabiensis was located distinctly. The tests for selective neutrality indicated purifying 
selection in Urial sheep while Asiatic Mouflon appears to have experienced a strong population 
bottleneck in the recent past. Considering the declining population trend and loss in genetic 
diversity due to possible genetic bottleneck events, there is an urgent need to implement strong 
conservation measures for O. vignei punjabiensis in the region. 
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Figure 6.51 Bayesian phylogeny of mitochondrial haplotypes (212bp) of wild and domestic sheep 
(Numbers above branches indicate Bayesian posterior probability; numbers below branches 
indicate maximum likelihood bootstrap support) (URI-Ovis vignei punjabiensis; CMT-Captive 
Mouflon type; OBO-Ovis vignei bochariensis; OMU-Ovis musimon; ONA-Ovis orientalis; OAM-
Ovis ammon; ONI-Ovis nivicola; OCA-Ovis canadensis; KAC-Kachi; KAJ-Kajli; THA-Thalli; KUL-

Karakul) 

 

 

 

Figure 6.52 Three dimensional scatterplot of average pairwise differences derived from 
mitochondrial D-Loop haplotypes (212bp) of wild and domestic sheep; (Three largest PCs 
explained 96.08% of total variance; PC1=79.03%; PC2= 13.35%; PC3=3.70%) (URI-Ovis vignei 
punjabiensis; CMT-Captive Mouflon type; OBO-Ovis vignei bochariensis; OMU-Ovis musimon; 
ONA-Ovis orientalis; OAM-Ovis ammon; ONI-Ovis nivicola; OCA-Ovis canadensis; KAC-Kachi; 

KAJ-Kajli; THA-Thalli; KUL-Karakul). 

6.8.2 Microsatellites based genetic diversity and relationship of domestic sheep breeds 
and wild Urial (Ovis orientalis punjabiensis)  

In the present study, STR genotypes of 466 sheep from eleven domestic breeds located in Asia, 
Africa, Europe and Latin America were compared with wild Asian Urial sheep to assess genetic 
diversity and relationship among them. Analysis of sheep breeds at 19 short tandem repeat (STR) 
loci revealed higher diversity in wild Urial sheep and domestic sheep from West Asia followed by 
Europe and Latin America as compared to South Asia, consistent with the history of sheep 
domestication. The average inter-individual allele sharing distance within breed was found to be 
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lowest in South Asian sheep as compared to West Asian, European and Latin American sheep 
populations. The estimated global FST revealed 15.9% of total variation attributable to between 
breed differences. Investigation of genetic relationship by phylogeny, multidimensional scaling and 
principal components analyses revealed three distinct clusters. The first cluster was formed by four 
South Asian sheep breeds, the second cluster was formed by Iraqi and Bulgarian sheep breeds; 
the third cluster was formed by Iranian, Austrian, Burkina Faso and Peruvian sheep breeds. 
Principal components analysis revealed individuals from Urial sheep population being distributed 
between the two major clusters of Hamdani-Karakachanska-West Palminska and Shal-
Krainersteinschaf-Junin-Djallonke while being distinct from the cluster of four Indian breeds. 
Analysis of molecular variance (AMOVA) was performed to assess the distribution of STR variation 
as a function of both breed membership and geographic origin, the results of which revealed the 
structure based on phylogeny to be evidently stronger than the structure based on geographic 
origin. Bayesian clustering of individuals without prior population information revealed the most 
appropriate K with nine genetic clusters. In conclusion, the present study showed the Urial sheep 
being genetically closer with West Asian and East European sheep breeds and did not find any 
evidence to support Urial as a potential wild ancestor for the Asian domestic sheep lineage. 

 

 

Figure 6.53 Distribution of allele sharing distance (IBS) between pairs of individuals. Distance was 
plotted separately where pairs are drawn from within the same population (red bars) and from 
across the populations (blue bars) 
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Figure 6.54 a-b UPGMA dendrogram (top) and radial tree (below) based on pairwise Nei’s 

genetic distance among different sheep populations 
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Figure 6.55 Multi dimensional scaling (MDS) plot of pairwise FST among different sheep 

populations (S stress = 0.03854) 
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Figure 6.56 Three dimensional scattergram of principal components derived from pairwise allele 
sharing distance among individuals of different sheep populations (3 largest PCs explained 53.4% 
of total variance; PC1=32.19; PC2=11.83; PC3=9.39) (CMT-Captive Mouflon Type; DJA-Djallonke; 
HAM-Hamdani; JNN-Junin; KAR-Karakachanska; KSF-Kraniersteinschaf; MEC-Mecheri; MRS-
Madras Red; NEL-Nellore; PAT-Pattanam; SHA-Shal; URI-Urial; WEP-West Palminstka) 
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Figure 6.57 Bayesian clustering of 471 sheep under assumption of 2 to 9 clusters without a priori 
population information. The breed names are given below the bar plot and the geographical origin 
indicated above the bar plot with the individuals of different breeds separated by vertical black 
lines. 
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Table 6.49 Mean basic diversity indices, number of loci deviating from Hardy-Weinberg equilibrium 
and average within breed inter-individual allele sharing distance in different sheep populations 
(no=Observed number of alleles; Ho = Observed heterozygosity; He = Expected heterozygosity; FIS 

= Inbreeding coefficient) 

Region Population 
Popula

tion 
code 

no Ho He FIS 

No. 
loci 

not in 
HWE 

Average 
within breed 

inter-
individual 

allele sharing 
distance 

Asian Wild Urial URI 7.5 
0.7
39 

0.7
93 

0.06
7 8 0.704 

Captive 
Mouflon Type 

Captive Mouflon 
Type CMT 4.2 

0.5
35 

0.6
47 

0.16
2 10 0.563 

West Asia 

Hamdani HAM 8.1 
0.7
00 

0.7
33 

0.04
1 1 0.637 

Shal SHA 5.4 
0.6
47 

0.6
71 

0.03
3 2 0.558 

Eastern 
Europe 

Karakachanska KAR 6.1 
0.6
76 

0.6
99 

0.01
6 1 0.564 

West Palminska WEP 8.0 
0.6
68 

0.7
17 

0.06
3 2 0.625 

Western 
Europe Krainersteinschaf KSF 5.3 

0.6
37 

0.6
40 

-
0.00

5 2 0.525 

West Africa Djallonke DJA 6.6 
0.6
26 

0.6
41 

0.02
8 2 0.53 

Latin America Junin JNN 7.8 
0.6
76 

0.7
26 

0.06
3 4 0.633 

South Asia 

Mecheri MEC 6.4 
0.6
25 

0.6
40 

0.01
3 4 0.529 

Madras Red MRS 5.9 
0.5
49 

0.5
53 

-
0.00

1 3 0.457 

Nellore NEL 7.4 
0.6
56 

0.6
84 

0.03
8 5 0.583 

Pattanam PAT 7.4 
0.6
06 

0.6
45 

0.05
7 6 0.558 
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Table 6.50 Analysis of molecular variance among different sheep populations 

 

Source of variation 
Sum of 
squares 

Variance 
components 

Percentage 
variation 

P-
value 

No Grouping 

Among populations 1086.37 1.204 15.93 0.000 

Within populations 5736.69 6.354 84.07 0.000 

Geographical grouping (I-HAM, SHA; II-MEC,MRS,NEL,PAT; III-KAR,KSF,WEP; IV-JNN; V-
DJA; VI-CMT; VII-URI) 

Among groups 542.40 0.373 4.88 0.000 

Among populations within 
groups 543.97 0.926 12.10 0.000 

Within populations 5736.69 6.354 83.02 0.000 

Phylogenetic grouping (I-HAM, SHA, KAR, WEP; II-MEC, MRS, NEL, PAT; III-KSF, JNN; IV-
DJA; V-CMT; VI-URI) 

Among groups 747.84 0.790 10.25 0.000 

Among populations within 
groups 338.53 0.569 7.38 0.000 

Within populations 5736.69 6.354 82.37 0.000 

 

6.8.3 Mitochondrial ATP6 and ATP8 Genes Based Molecular Diversity And Phylogeny of 
Punjab Urial  

The taxonomy of wild sheep has been a complex debate with different classifications and revisions 
suggested based on their morphology, geographical distribution and chromosome number. In 
Pakistan the Punjab Urial (O. vignei punjabiensis), is an important sub-species of O. vignei 
however a scarce molecular data is reported that urged us to investigate its genetic diversity and 
phylogeny using mitochondrial DNA, ATPase6 and ATPase8 genes. A total of 842 bp complete 
coding region of both ATP6 and ATP8 genes were amplified by PCR followed by sequencing. The 
sequences were aligned and edited using CodonCode Aligner and single nucleotide 
polymorphisms (SNPs) were identified. The boot strapped Neighbor joining tree constructed from 
MEGA6 explained the genetic relationships of O. v. punjabiensisiis with Ovis ammon (Argali) than 
the Ovis aries (sheep). The phylogenetic analysis also showed the genetic positioning of Punjab 
Urial with respect to other 23 different reported mammalian species as well. Based on current 
declining population trend in Punjab Urial there is a serious demand for effective conservation 
activities for O. vignei punjabiensis in the country. 
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Figure 6.58 Phylogenetic Analysis of Punjab Urial in comparison with mammalian species using 

MEGA6.1 based on Mitochondrial ATP6 and ATP8 Genes 

6.8.4 Interleukin 2 gene sequences based genetic diversity of endangered Punjab Urial  

Since sheep have a long history of domestication, their subsequent formation of discrete breeds 
is inevitable. Punjab urial (Ovis vignei punjabiensis) is endemic to wild northern Punjab, Pakistan 
and also an endangered species according to International Union of Conservation of Nature and 
Natural Resources (IUCN) red list categories. Unfortunately, this species has been grossly 
neglected by the scientific community from conservation perspective and if timely attention is not 
paid for its conservation, it may become extinct. Better understanding of genetics of immune 
response can be helpful to design effective conservation strategies for Punjab urial. Cytokines 
being the major mediators of immune system are signaling compounds (proteins in nature). They 
control a large variety of cellular functions including cell proliferation, differentiation and apoptosis. 
The objective of this study is to assess the molecular genetic diversity of endangered Punjab urial 
(Ovis vignei punjabiensis) based on interleukin 2 gene sequences. Interleukin 2 (IL2) is a gene 
which encodes a cytokine significantly involved in some vital activities of immune response 
regulation. In this study, the IL2 gene (492 bp including regulatory TATA box, exon 1 and 2) was 
amplified and sequenced in  DNA samples collected from wild as well as captive O. v. punjabiensis, 
followed by alignment and phylogenetic analysis. The neighbor joining tree constructed from 
MEGA6 showed that O. v. punjabiensisiis closer to Ovis ammon (Argali) than the Ovis aries 
(sheep); the tree also depicted O. v. punjabiensis relationships with other mammalian species. 
According to the several analysis presented in the present study, O. v. punjabiensis is a unique 
isolated population found in Pakistan which is endemic as well as endangered. The species is 
closely related to Argali and sheep but has differences in the genetic makeup. Therefore, in-situ 

 15U (Wild)

 8UJ (Jallo Park Lahore)

 3UZ (Lahore Zoo)

Punjab Urial

 Ovis aries (NC001941)

 Capra hircus (NC005044)

 Bubalus bubalis (NC006295)

 Bos indicus (JN817303)

 Bos taurus (HQ025805)

 Bos grunniens (Domestic yak) (GQ464260)

 Bison bison (American bison) (GU946998)

 Hippocamelus antisensis (Peruvian guemal) (JN632646)

 Mazama gouazoupira (Gray brocket) (JN632658)

 Mazama americana (Red brocket) (JN632657)

 Odocoileus virginianus (White tailed deer) (JN632672)

 Rucervus duvaucelii (Barasingha) (JN632696)

 Dama mesopotamica (Mesopotamian fallow deer) (JN632630)

 Cervus elaphus yarkandensis (Yarkland deer) (GU457435)

 Cervus nippon taiouanus (Formosan sika deer) (EF058308)

 Camelus bactrianus (Bactrian Camel) (AP003423)

 Camelus bactrianus ferus (Wild Bactrian Camel) (EF507800)

 Camelus dromedarius (Arabian Camel) (JN632608)

 Lama guanicoe (Guanaco) (EU681954)

 Vicugna vicugna (Vicugna) (FJ45689)

 Lama glama (llama) (AP003426)

 Lama pacos (NC002504)

 Homo sapiens (JF896800)
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and ex-situ conservation techniques for Punjab urial present a good solution to preserve this 
endangered species from extinction. Stake holders such as, government institutions, wildlife 
authorities, naturalists and conservationists can consider the preservation of this endangered 
peculiar animals from extinction.  

 

 

Figure 6.59 Neighbor Joining Treeconstructed with MEGA6 using IL-2 sequences from Punjab 

Urialand other different mammalian species.  

 

Pair wise evolutionary distance 

The matrix containing entries in the case of O. v. punjabiensis related to evolutionary changes 
compared with other selected organisms was screened out and plotted. In the figure, Punjab Urial 
was found to be the closest relative of O. ammon and O. aries as indicated with a straight line on 
zero level on horizontal axis which means negligible difference between their IL-2 sequences. The 
large deviations were observed when it was compared for pair-wise analyses with Bos gaurus, Bos 
taurus and Bos indicus, Bison bison and Bubalus bubalis. The larger peaks revealed their farther 

evolutionary relationship. 

 Ovis v. punjabiensis (Punjab Urial)

 Ovis ammon (Argali)

 Ovis aries (Sheep)

 Capra aegagrus (Wild goat)

 Capra falconeri (Markhor)

 Capra hircus (Goat)

 Bubalus bubalis (Water buffalo)

 Bison bison (American bison)

 Bos indicus (Cattle)

 Bos gaurus (Gaur)

 Bos taurus (Cattle)

 Saimiri sciureus (Common squirrel monkey)

 Mus musculus (House mouse)

 Homo sapiens (Human)
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Figure 6.60 Evolutionary distance was calculated between selected species by making pair-wise 
comparisons among them. Species were plotted around horizontal axis, while phylogenetic 
distance achieved by them with the passage of time was placed as “Evolutionary Distance” along 
vertical axis. The graph shows the distance pattern for O. v. punjabiensis lineage with respect to 

selected individuals. 

 

6.8.5 MDS analysis of variation pattern 

The different species present at the same spot were given identical color. For example, lower left 
compartment contained top most data point representing three organisms. Thus, their respective 
colors were kept similar, whereas each data entry in the rest of the plot was given unique color as 
all entries were representing their respective organisms. 

In order to cluster the data, a suitable transformation was achieved by scaling it with a suitable 
eigen value that results into its linear combinations. During MD scaling here two eigen values were 
implicitly computed and scaled to get two linear combinations of the phylogenetic distance variation 
data. Linear combination in 1st dimension was obtained by using 1steigen value while 2nd dimension 
transformation vector was computed with the help of 2nd value. In this way, ‘n-1’ eigen values could 
be achieved to get ‘n-1’ number of data shapes/transformations. After obtaining data in two new 
shapes, they were clustered based on small difference between them. In total, 13 sequences were 
previously analysed to get evolutionary distance matrix. The computed MDS profile with the help 
of distance matrix is shown below in Fig. 2 [33].  
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Figure 6.61 Multidimensional scaling for IL2 gene was plotted to see within-species pattern 
variations; for instance, Ovis v. punjabiensis (Punjab Urial) was abbreviated to OP; O. ammon 
(Argali) to OA; O. aries (Sheep) to OAr; Capra falconeri (Markhor) to CF; C. aegagrus (Wild goat) 
to CA; C. hircus (Goat) to CH; Homo sapiens (Human) to HS; Bison bison (American bison) to BB; 
Bosgaurus (Gaur) to BG; Bostaurus (Cattle) to BT; Bosindicus (Cattle) to BI; Bubalusbubalis 

(Water buffalo) to BB.  

 

6.8.6 Interferon alpha of Major Histocompatibility Complex Class I sequences analysis 
in Punjab Urial (Ovis vignei punjabiensis) 

The objective of this study is to characterize endangered Punjab Urial via interferon alpha-A gene. 
Blood samples were collected for DNA extraction, PCR followed by sequencing using genetic 
analyzer 3130xl. Sequences were aligned and identification of single nucleotide polymorphisms 
and phylogenetic analysis were done through BioEdit 7.0.9.0 and MEGA 6.1 software respectively. 
The highly polymorphic nature of this gene fragment makes it potential candidate for finding 
molecular markers related to breed adaptation and immunity to geographic regions with various 
climatic conditions and pathogen load. These valuable findings on interferon alpha-A gene 
provided foundation for detailed study.  
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Figure 6.62 Interferon alpha-A based phylogenetic tree (Neighbor joining method) constructed by 
MEGA 6.1 for Punjab Urial in comparison with other mammalian species sequences available on 
GenBank NCBI. 
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Table 6.51 Polymorphic sites detected in the IFNα-A region of Punjab Urial Sequences 

Name of Breed 
 

SNPs 
Position 

SNP 
Nucleotide 

Change 
With 

Transition 
or 

Transversion 

 
Indo-pacific 
humpbacked       
Dolphin 

 
121 

 
A 

 
T 

 
Transversion 

 140 G C Transversion 

Bottlenosed dolphin 121 A T Transversion 

 140 G C Transversion 

Beluga whale 121 A T Transversion 

Killer whale 121 A T Transversion 

White-tailed deer 121 A T Transversion 

Water buffalo 121 A T Transversion 

Domestic yak 121 A T Transversion 

 140 G A Transition 

Domestic goat - - - - 

Cattle 121 A T Transversion 

Domestic sheep 140 G A Transition 

22U - - - - 

5UZ - - - - 

21U - - - - 

6UZ - - - - 

2U - - - - 

24U - - - - 

25U - - - - 

20U - - - - 

3U - - - - 

11U - - - - 

19U - - - - 

1U - - - - 

18U - - - - 

12U - - - - 

3UZ - - - - 
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Answer the following questions 

 
1. What do you mean by Phylogenetics? 
2. What is the role of Polymerase Chain Reaction (PCR)? 
3. Define function of Polymerase Information Content (PIC)? 
4. Mention at least three reasons of using microsatellite marker 
5. Explain Markov Chain Monte Carlo (MCMC) method?  

 
 
 
 
 
 
 
 
 
 



245 
 

GLOSSARY 

Adaptation  

In science, an adjustment, likewise called a versatile characteristic, is a quality with a current 
practical part in the life of a life form that is kept up and developed by method for normal choice. 
Adjustment alludes to both the present condition of being adjusted and to the element 
developmental process that prompts to the adjustment. 

Agriculture  

The science of cultivation including improvement of the soil to enhance harvests and raising the 
creatures to give sustenance, fleece, and different items. 

Apoptosis  

Apoptosis is a procedure of modified cell passing that happens in multicellular living beings or the 
process of programmed cell death by which cell undergo an ordered sequence of events. 

Biodiversity 

Diversity of plants and animals life within a region.  

Blastocyte 

It is an undifferentiated stage in the blastula stage of an embryo. 

Cell division 

It is a division of a cell into two daughter cells with the same hereditary material. 

Chromosome 

A string like structure of nucleic acids and protein found in the core of most living cells, conveying 
hereditary data as qualities 

Cytoplasm 

It consists of contents of the cell except nucleus which include vesicles and organelles. 

Cytosol  

The aqueous solution of cytoplasm of the cell 

Databank  

A database collection of prearranged information  

Dehydration 

The process of removing water from something 
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Ecosystem 

The system which is consists of an ecological community and its environment and it function as a 
unit. 

Endocytosis 

A process in which plasma membrane of the cell folds into inward direction. 

Evolution 

 The process of modification 

Excocytosis 

The mechanism in which the secretion of substances occur through cellular membrane. 

Extinction 

The process of making or becoming extinct 

Fission 

The process whereby one item split to become two 

Fungi 

 It is spongy and abnormal growth as granulation tissue found in a wound 

Generation 

The process of creating a living creature  

Genes 

A segment of DNA and RNA from a cell or an organism 

Genome 

The complete genetic information of an organism  

Glycolysis  

The cellular degradation of simple sugar glucose 

Homeostasis 

It is an ability of a system to adjust its internal environement. 

Homobox  

A short sequence of DNA that is shared by several genes 
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Innovation 

The introduction of something new 

Mitosis 

 It is the process of division of cell nucleus in which the genome is copied and divided into two 
similar halves. 

Translation 

It is a process in which a strand of messenger RNA directs assembly of amino acid into protein 
within a ribosome. 
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