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ABSTRACT 

Genetic diversity of different animal species and different animal population of same species can be achieved through various 

methods. These include analysis of certain biomolecules, such as protein-isoelectric focusing, immunochemistry, immunoassay 

and electrophoretic methods etc. But these methods have certain drawbacks due to the requirement for characterization of protein. 

As a result, these techniques have limited application in genetic diversity study. For these reasons nucleic acid, especially the 

DNA based techniques are gaining more attention. There are various types of DNA based methods which are used for genetic 

diversity measurement; such as PCR, RAPD, RFLP, Species specific DNA probes etc. Although, both nuclear and mitochondrial 

genes have been targeted for PCR-RFLP, there are certain advantages of targeting the mitochondrial genes over the nuclear genes 

such as high copy number, maternal inheritance, highly conserved nature etc. Among the mitochondrial genes, the cytochrome b 

gene, 16S rRNA gene, 12S rRNA gene and the D-loop has been widely employed for genetic diversity study. Among different 

techniques, PCR-RFLP is regarded as one of the most efficient methods in terms of the cost, detection power and applicability. 
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1. INTRODUCTION 

Diversity can be defined as the number of different items and 

their relative frequency. For biological diversity, these items 

are organized at many levels, ranging from complete 

ecosystems to the chemical structures that are the molecular 

basis of heredity. Thus, the term encompasses different 

ecosystems, species, genes, and their relative abundance. 

Genetic diversity is the combination of different genes found 

within a population of a single species and the pattern of 

variation found within different populations of the same 

species.  

Domestication of animals was an essential step in human 

demographic and cultural development. During the subsequent 

history of livestock, the main evolutionary forces of mutation, 

selective breeding, adaptation, isolation and genetic drift have 

created an enormous diversity of local populations. The 

genomic sequences are the starting point of genetic diversity 

as the DNA in the nucleus of the cell is transcribed into the 

mRNA.  The transcribed mRNA travels to protein production 

sites and is translated into proteins which is the Central 

Dogma of Molecular Biology.  

2. IMPORTANCE OF GENETIC 

DIVERSITY 

In conventional breeding strategies, genetic diversity study 

provide the molecular signature /markers for different species 

and breeds which have several immediate applications (viz. 

parentage determination, genetic distance estimation, 

determination of twin zygosity and free martinism, sexing of 

pre implemented embryos and identification of disease carrier 

gene) and some long range applications like gene mapping and 

marker assisted selection. In transgenic breeding, molecular 

markers based on genetic diversity study can be used as 

reference points for identification, isolation and manipulation 

of the relevant genes and also for identification of the animals 

carrying the transgenes. Determination of , genetic diversity 

and molecular markers  are extremely important  as they have 

been able to provide authentic and accurate historical 

interpretation of species origin, gene flow and other additional 
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information like  genetic polymorphisms etc. is required for 

conservation of endangered species.   

Genetic polymorphism is the basis for a successful genetic 

improvement programme, required to design and develop a 

suitable breed or variety or strain. Knowledge of origin along 

with the associated diversity is a pre requisite for any breeding 

strategy. Thus, it is important to know the uniqueness and the 

degree of genetic diversity of one population from the other 

populations within a species, as well as one individual to 

another within a population [1] These polymorphisms at the 

nucleotide level are the outcomes of the process of evolution 

that has led to different types of adaptations of life [2].  

Knowledge of genetic diversity is indispensible for 

improvement of livestock species and protection of 

biodiversity. The genetic characterization of the domestic 

animal is global strategy of the Food and Agricultural 

Organization (FAO) for the Management of Animal Genetic 

Resources. This strategy strongly emphasizes on the use of 

molecular methods to determine the genetic status of different 

breeds and species. 

3. METHODS USED FOR STUDY OF 

GENETIC DIVERSITY 

3.1 Biochemical Methods 

Different methods have been developed and already tested in 

this pursuit, for analyzing genetic diversity. Genetic diversity 

of animal can be achieved through different methods. They are 

mainly based on the analysis of certain biomolecules, such as 

protein-isoelectric focusing, immunochemistry, immunoassay, 

electrophoretic methods [3] and determination of specific 

microscopic structural elements [4].However, each of these 

methods has major drawbacks, which are a consequence of 

their dependence on the ability to characterize proteins. 

Protein expression is tissue dependent and they may be 

denatured on processing and heating, leading to subsequent 

loss of analytical specificity [5]. Other techniques will require 

blotting, staining, preparation of antibodies etc. Therefore, 

such techniques have limited application. For these reasons, 

nucleic acid based analysis is becoming more and more 

popular for the identification and differentiation of species on 

the basis of diversity at nucleotide level [6]. 

3.2 Method Based On DNA Technologies 

The recent advances in DNA technologies have made it 

practicable to know a large number of genetic polymorphisms 

at the genomic level and to use them as molecular markers 

with wide variety of applications.DNA have been exploited 

for species identification due to its stability at high 

temperatures and its structure being conserved within all 

tissues of an individual. This has resulted in the development 

of species-specific DNA probes ([7], [8]), Polymerase chain 

reaction (PCR) assays ([9],[10]), Random amplified 

polymorphic DNA (RAPD) ([11], [12]) and Polymerase chain 

reaction-Restriction fragment length polymorphism (PCR-

RFLP). 

Molecular techniques developed over the last two decades 

have been able to provide authentic and reliable tools for 

identification of different markers for different species. These 

techniques are promising and can overcome the drawbacks of 

many conventional methods. Polymerase Chain Reaction 

(PCR) is the most commonly used technique in many fields of 

molecular biology owing to its sensitivity, specificity and 

capability to detect even a single copy of DNA sequence from 

a single cell sample [9] A number of strategies have been 

employed in PCR including use of mitochondrial gene [13]for 

measurement of the genetic diversity. Utilization of 

Polymerase Chain Reaction-Restriction Fragment Length 

Polymorphism (PCR-RFLP) of mitochondrial DNA is the 

mostly used PCR based technique which is accurate, rapid and 

easy to perform. In PCR-RFLP, a conserved region of DNA 

sequence is amplified using PCR, followed by digestion with 

different restriction endonucleases, which can reveal genetic 

variations between different species and between different 

population of same species [14]. Polymerase Chain Reaction 

(PCR) technique is a promising approach for genetic diversity 

study [15]. It is more sensitive and very easy to perform 

compared to other tools. PCR in combination with Restriction 

Fragment Length Polymorphism (RFLP) can be used for 

characterization of different species (and also to study the 

genetic diversity of different animal populations including 

birds [16]. 

3.3    Mitochondrial DNA Vs, Nuclear DNA Used 

for Study of Genetic Diversity  
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Both nuclear and mitochondrial genes have been targeted for 

study of genetic diversity in different animal at nucleotide 

level by PCR-RFLP [13]. Although both nuclear and 

mitochondrial genes have been targeted for diversity study by 

PCR- RFLP, the mitochondrial DNA (mtDNA) has been 

extensively used in phylogenetic and genetic diversity studies, 

as mtDNA sequence is highly conserved in different species of 

animals  [17].Mitochondria are double membrane organelles 

present in the cytoplasm. They are evolved from 

endosymbiotically incorporated organisms and have their own 

genome. Unlike nuclear DNA, mitochondrial DNA is 

continuously replicated, even in terminally differentiated cells, 

such as nerve cells and cardiomyocytes. Mammalian 

mitochondrial DNA is thought to be strictly maternally 

inherited. Sperm mitochondria disappear in early 

embryogenesis by selective destruction, inactivation, or simple 

dilution by the vast surplus of oocyte mitochondria. 

Mitochondrial DNA is circular and double stranded 

(16,569 bp) with 37 genes. Among these, 22 genes encode for 

t-RNAs, 2 genes encode ribosomal RNAs (12S rRNA &16S 

rRNA) and 13 genes encode enzymes involved in electron 

transport chain of oxidative phosphorylation and ATP 

production. In addition to the coding regions, there is only one 

non-coding region, the control region (CR), which is also 

known as D-loop; it contains the main regulatory sequences 

for transcription and replication initiation. The structure, 

genetic content and organization of mitochondrial DNA are 

strongly conserved among mammals. The target genes and 

DNA fragments used as markers for identification of genetic 

diversity in animals include the cytochrome b gene [18] the 

16S rRNA gene [19] the 12S rRNA gene ([20], [21], 

[22],[23],[24]) and the mitochondrial DNA control region, i.e. 

the D-loop ([25] , [26]).  

There are certain advantages of targeting the mitochondrial 

genes over the nuclear genes. Mitochondrial genes are highly 

conserved in different species of animals, which has enabled 

the designing of universal primers for amplification of the 

mitochondridal genes [17].Polymerase Chain Reaction (PCR) 

- Restriction fragment length polymorphism ([24], [18]) DNA 

sequencing [19], Species-specific primer amplification [20] 

(Rojas et al. 2009) and Real-time PCR assays [26] have been 

widely used for study of genetic diversity in different species 

of animals. Among these, the PCR-RFLP is regarded as one of 

the most efficient method in terms of cost, detection power 

and applicability to large scale screening. PCR-RFLP is a 

practical, simple and rapid technique for genetic diversity 

study in  different species and breeds. There are hundreds to 

thousands copies of mitochondrial DNA in each cell, thus 

providing as much DNA molecules as possible to minimize 

the risk of failure due to low DNA concentration with 

degraded templates.  

Evolution of mammalian mtDNA occurs primarily as single 

base pair substitution, with only infrequent major sequence 

rearrangements [27]. Mitochondrial DNA genes exhibit a 

higher mutation rate than comparable nuclear sequences and 

are transmitted through the maternal line as a single haploid 

block of completely linked genes without recombination. 

There is little DNA on the mitochondrial DNA that is non-

coding, nor are there introns or pseudogenes within the 

mammalian mtDNA. Moreover, several thousand copies of the 

mitochondrial DNA genome are present in each cell and the 

rate of its evolution is 10 times faster than that of nuclear 

DNA [28]. 

4. CONCLUSION 

It can be concluded that PCR and PCR-RFLP of mitochondrial 

gene provided the uniqueness and differences of different 

animal species and different population of same species and 

these can be used to achieve genetic diversity at nucleotide 

level.  
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