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Abstract 

This review was undertaken to clarify importance of genetic diversity and genetic distance of domestic livestock 

species in the future. Importance of farm animal genetic resources is very diverse, particularly for the poor and 

under smallholder production systems in the developing world. Uses include subsistence consumption of 

livestock products, manure, traction, savings, risk management, capital accumulation and socio-cultural 

functions. The present domestic animal diversity as represented in the multitude of our livestock breeds is the 

result of thousands of generations of rural communities manipulating their livestock populations according to the 

requirements of their environment, their subsistence needs and cultural concepts. Genetic characterization has 

recently been the method of describing and classifying livestock breeds/populations using measures of genetic 

distances between populations. Genetic markers like microsatellites, and Single Nucleotide Polymorphisms 

(SNPs) and recently the whole genome are tools used for characterizing genetic diversity between and within 

populations.. Hence, SNP is more preferable to other markers for developing countries due to its simplicity, 

ability to differentiate variations, useful to identify genes of economically important traits and it is cheap.  
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1. INTRODUCTION  

1.1 Background 

Since the domestication process in the Neolithic age livestock have spread all over the world mainly as a result 

of human migration exchange among neighboring human population (Diamond And bell wood ,2005; 

zeder,2008). Domestic animals were multifunctional and they were used for drought work, clothes, manure, fuel 

and food  FAO (2007 ). As domestic animals reached different place they slowly adapted to specific 

environmental conditions of the area and uses and cultural preferences of their new herdsman giving raise to the 

livestock genetic diversity (Wallny, 2003). Livestock contributes significantly to food production and economic 

output in all regions. The relative contribution of livestock to agricultural GDP is higher in the developed regions 

but the trend has been slightly downwards over the past 30 years, whereas in most developing regions there has 

been a rise in the importance of livestock (FAO, 2011). Country reports on farm animal genetic resources (FAO, 

2007) illustrate that importance of farm animal genetic resources is very diverse, particularly for the poor under 

smallholder production systems in developing world. Uses include subsistence consumption of livestock 

products, manure, traction, savings, risk management, capital accumulation and socio-cultural functions. In wild 

animals, patterns of population genetic structure are usually explained by factors that disrupt gene flow, such as 

isolation-by-distance (Wright, 1943), historical geological factors (Gübitz et al., 2000) or physical barriers 

(Nicholls and Austin, 2005). Unlike populations in the wild, dispersal ability and hence gene flow among 

domestic animal populations is believed to be governed more by human intervention than by physical barriers. 

Differences in ancestral origins and migration events are important causative factors explaining genetic 

differences between current populations (Cañón et al., 2001; Rendo et al., 2004). Local management and cultural 

separation (Rege, 2002) can cause genetic isolation of populations leading to reduced effective population size 

and further divergence through drift. 

 

2. REVIEW 

2.1 ANIMAL GENETIC RESOURCE 

Farm animal genetic resources includes all animal species, breeds/strains and populations used for food and 

agricultural production and their wild and semi-domesticated relatives. They encompass about 40 species of 

domesticated animals that have been diversified into more than 7,000 breeds during the 12,000 years since 

humans started farming and raising livestock and adapted to very diverse and specific challenges. According to 

the Food and Agriculture Organization (FAO), about one-third of the documented breeds is threatened or has 

already become extinct (Scherf, 2000). The present domestic animal diversity as represented in the multitude of 

our livestock breeds is the result of thousands of generations of communities manipulating their livestock 

populations according to the requirements of their environment, their subsistence needs and cultural concepts. It 
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is a consequence of cultural diversity and represents a legacy that needs to be stewarded wisely for the future of 

all humankind (Sanders, 2004). 

2.1.2 Genetic Characterization Tools 

2.1.3 Genetic Markers   

To understand the history and evolution of populations it is usually necessary to study a large number of 

polymorphisms (Cavalli-Sforza 1998). Through molecular revolution over the last few decades, a lot of 

techniques have been developed to study population structure using genetic markers. At the first stage of 

research, almost all markers identified have been protein and blood group polymorphism, and only a few 

hundred were previously known (Nei and Roychodhury 1988). These markers are also known as ‘classical 

polymorphisms’ to distinguish them from those obtained by direct Deoxyribonucleic acid (DNA) analyses. The 

use of DNA segments to analyze genetic polymorphisms has resulted in the identification of a great number of 

markers and genetic polymorphisms. A lot of markers were identified to detect population structure and selection 

signatures within populations, consequently identifying quantitative trait loci (QTL) affecting traits of economic 

interest (MacNeil & Grosz 2002; Thaller et al., 2003), as well as qualitative trait loci (Drögemüller et al., 2005; 

Fontanesi et al., 2010). Commonly considered DNA markers are microsatellites and Single Nucleotide 

Polymorphisms (SNPs or ‘snips’).   

2.1.4 Microsatellites 
Microsatellites are direct tandem repeated sequences of DNA with a repeat size ranging from 1 to 6 base pairs 

(bp). Hence, a microsatellite is also called a simple sequence repeat (SSR). To identify microsatellite loci 

suitable for use as genetic markers, different approaches have been developed. One of the prevailing methods to 

identify microsatellites is the use of primers, which are commonly designed directly from the sequence data. In 

this context, the primers serve to detect the variation of microsatellites, by flanking the different numbers of 

repeats provided by Polymerase Chain Reaction (PCR) (Saiki et al., 1988; Newton & Graham 1997). 

Microsatellites are more useful and highly polymorphic than RAPD,AFLP in many animal and plant species 

(Morgante & Olivieri 1993; Queller et al., 1993). Especially the high variation of microsatellite DNA marker 

have led in the past decades for a large number of population structure studies.Before a decade study Baumung 

et al, (2004).explained that within livestock species approximately 90% of all projects were used microsatellite 

genetic markers. while Single Nucleotide Polymorphism (SNP) markers were only investigated in about 10% of 

all projects  In contrast to the past decade, recent analyses in human (Hannelius et al., 2008), cattle (The Bovine 

HapMap Consortium 2009) and sheep Kijas et al. (2009) show that currently SNPs regaining favor for 

uncovering genome-wide population structures. 

2.1.5. Single Nucleotide Polymorphisms (SNPs)   
A SNP is a small (single base pair) genetic change, or variation, that can occur within an individual’s DNA 

sequence. This property of SNPs allows to make associations between marker alleles with QTL’s affecting 

important economic traits in livestock. It has been hypothesized that these SNP studies are most powerful 

method in identifying genes that are responsible for important traits, like Myostatin (MSTN) for double muscling 

within animals (Hill et al., 2010) as well as for undesirable genes such as bovine leukocyte adhesion deficiency 

(BLAD), complex vertebral malformation (CVM) and congenital muscular dystonia (CMD) (Charlier et al., 

2008). Single Nucleotide Polymorphisms are a good choice of marker for the studies of economically important 

traits because of their low mutation rate, high incidence throughout the genome and bi-allelic nature making 

them amenable to automated detection techniques (Dawson 1999). It has been estimated that a well-designed 

genome-wide SNP map requires as many as 500,000 SNPs in human (Vega & Kreitman 2000) and likely up to 

300,000 SNPs in cattle (Eck et al., 2009; Shannon, 2010). Hence, the numbers of available SNP chips are 

increasing annually. In cattle alone, there are currently 11 commercial SNP chips produced by three major 

companies (Illumina, Neogen-GeneSeek and Affymetrix) (Nicolazzi,2015). In addition, there are a constantly 

growing number of custom SNP chips protected by intellectual property (IP), However, as study 

(Nicolazzi,(2015) described  that a list of currently available commercial SNP chips not completely protected by 

IP for the six major livestock species (cow, pig, horse, sheep, goat and chicken).  

This rapid development in the SNP chip technology also provides new insights into the population 

structure of livestock breeds since previous studies have been focused on small sets of microsatellite loci. The 

increase in the number of SNP chips available, however, was not accompanied by an organized effort to 

standardize the genomic/genotype data, making comparison and cross-compatibility of SNP arrays difficult. 

 

2.2. POPULATION STRUCTURE  

In the population ecology of animals 'population structure' refers to the age distribution of individuals of each 

sex within the population. Knowledge of the relative proportions of young and old or males and females, often 

summarized diagrammatically as a 'pyramid of numbers', is regarded as a preliminary step in the quantitative 

description of that population. This knowledge is an essential prerequisite if reliable predictions of future 

population trends are to be attempted. Highly informative genetic markers are essential to study the origin, 
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history and evolution of livestock populations (Troy et al., 2001; Li et al., 2009). After a decade of domination 

by microsatellite markers, recently Single Nucleotide Polymorphisms (SNPs) are becoming more attractive to 

population genetic studies (Behar et al., 2010). High throughput sequencing (Käller et al., 2007), have led that 

SNPs are the most technologically developed abundant markers in genetic science. Additionally it is becoming 

increasingly feasible to genotype hundreds or even thousands of individuals for these large numbers of 

SNPs.These advantages in genetic science provide new insights into complex population structures (Gompert et 

al., 2010). 

2.2.1. Genetic Diversity     

Genetic diversity allows a population to mount a successful evolutionary response to unpredictable 

environmental challenges such as changing weather, disturbance events, and variations in resource availability, 

and population sizes of competitors (Falk et al., 2006). Hoffmann and Willi (2008) showed that the level of 

genetic variation influences the ability of species to respond to threats and environmental changes. When a 

population has a high level of genetic variation, it is better able to adapt to new environmental challenges. On the 

other hand, low genetic variation in a population will limit a species’ ability to respond to the changes in the 

short term and to persist in the long term (Amos and Harwood, 1998). Genetic diversity is affected by several 

factors such as mating patterns, migration, natural selection, and genetic drift. Mating patterns are important 

because nonrandom mating can occur when a population interbreeds. When a population interbreeds, nonrandom 

mating can sometimes occur because one organism chooses to mate with another based on certain traits. In this 

case, individuals in the population make specific behavioral choices, and these choices shape the genetic 

combinations that appear in successive generations. 

Genetic drift is the change in relative allele frequency, which can either increase or decrease by chance 

over time. When genetic drift occurs in small populations, it may decrease the genetic diversity of a population 

or cause extinction through lost of alleles in a population resulting in only one allele present at a particular locus.  

2.2.2. Cause of changes in Genetic Diversity  

Genetic diversity’ refers to the variation of genes within species that is the mix of genes contained within 

individuals. This covers distinct populations of the same species or genetic variation within a population. 

Ultimately, genetic diversity resides in changes in the sequence of the four base-pairs of the DNA that 

constitutes the genetic code. Because changes in populations require changes in gene frequencies,The primary 

causes of changes are mutation, migration, recombination, selection and drift Despite its cardinal role in 

evolution and domestication, the origin, nature, dynamics, function, significance, and maintenance of genetic 

diversity in nature remains controversial. Likewise, questions concerning which evolutionary processes influence 

natural genetic variation for phenotypic, quantitative-trait (QTL) variation (Mitchell-Olds et al., 2007) or what 

the genetic basis of ecologically important morphological variation such as diverse color patterns of mammals 

(Steiner et al., 2007) emerged. The basic problems are how much of molecular diversity in nature, is adaptive 

and how much of the mutations occurring in natural populations are nonrandom rather than random, neutral, 

nearly neutral, non-adaptive or deleterious (Galhardo et al., 2007).  

2.2.3. Genetic Diversity Analysis 
According to FAO recommendations, determining classic genetic distances using neutral, highly polymorphic 

microsatellite markers is the method of choice for investigating genetic relationships and breed differentiation. 

This methodology also provides information for establishing preservation priorities for livestock breeds (Barker 

1999; Marletta, 2006). Nevertheless, phylogenetic methods based on genetic distances cannot be exhaustive in 

their quantification of genetic diversity between closely related groups because they ignore within-group genetic 

variation (Ruane 1999; Marletta, 2006). Genetic diversity is a function of relatedness between individuals that 

share one or more ancestors. The level of relatedness can be expressed as a coefficient of kinship, which appears 

to be of central importance in the definition and measurement of genetic diversity (Eding & Meuwissen 2001). A 

molecular co ancestry-based method has recently been proposed for analyzing the genetic diversity in subdivided 

populations (Caballero & Toro 2002). This uses molecular data to obtain co ancestry coefficients that integrate 

the well-known genetic distances DS, DR and FST, taking into account the allelic frequencies and diversity of 

supposed founder populations. However, only a few authors have explored this approach for analysing actual 

data sets (Caballero & Toro 2002; Fabuel et al., 2004). A valid alternative is a clustering method that uses 

individual multilocus genotypes to infer population structure and to assign individuals to theoretical populations 

(Pritchard et al., 2000). 

2.2.4. Genetic Distance between Populations 
Genetic distance is “that difference between two entities that can be described by allelic variation.” (Nei 

1973).This definition was later elaborated by Nei(1987 as “the extent of gene differences between populations or 

species that is measured by some numerical quantity.” A more comprehensive definition of genetic distance is 

“any quantitative measure of genetic difference be it at the sequence level or the allele frequency level it is 

calculated between individuals population or species” (Beaumont et al., 1998).likewise, Genetic distance is the 

degree of gene difference (genomic difference ) between species or populations that is measured by some 
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numerical method thus the average number of codon or nucleotide differences per gene is a measure of genetic 

distance when the two species to be compared have distantly related data on amino acid or nucleotide sequence 

Populations with many similar alleles have small genetic distances. This indicates that they are closely related 

and have a recent common ancestor. Genetic distance is useful for reconstructing the history of populations. 

Genetic distance is also used for understanding the origin of breed or species and to determine which breed or 

species should be protected to maintain genetic diversity Ruane, (1999).  

2.2.5. Genetic Singularity 
Variation provides considerable information on the effects of gene flow and selection. The shape of a cline can 

be used to estimate the overall strength of the barrier to gene exchange given certain assumptions about selection 

and dispersal (Vines et al., 2003). Recent analyses using many molecular markers have focused on heterogeneity 

in patterns of differentiation across markers and what it might say about the genetic basis of reproductive 

isolation and ecological adaptation (Rieseberg et al., 1999; Turner et al., 2005; Stinchcombe & Hoekstra 2007; 

Yatabe et al., 2007). The studies support the prediction that genomes can be ‘porous’, engaging in extensive 

gene flow while maintaining significant differentiation near loci responsible for divergently selected traits 

(Mallet, 2005). This is in contrast to the conventional idea of ‘the genome’ as a delicately co-adapted gene 

complex that could be severely disrupted by gene exchange (Dobzhansky 1937; Mayr 1963). The distribution of 

genotypes among individuals within localities is the most direct indication of whether distinct groups can co-

exist at the same place and time. ‘Genotypic clusters’ has even been offered as a phenomenological definition of 

‘species’ (Mallet, 1995). The stable co-existence of distinct clusters requires barriers to gene exchange and is 

almost always associated with ecological and behavioural differentiation (Jiggins & Mallet 2000; Schluter 2000; 

Coyne & Orr 2004). An important question is whether ecological, morphological, and behavioural 

distinctiveness require barriers to gene exchange that have genome-wide effects or whether selection processes 

affecting only some genomic regions cause and maintain distinctiveness despite high levels of interbreeding and 

gene exchange across other genomic regions. 

 

3. CONCLUSION  

The present domestic animal diversity as represented in the multitude of our livestock breeds is the result of 

thousands of generations of rural communities manipulating their livestock populations according to the 

requirements of their environment, their subsistence needs and cultural concepts. Genetic characterization has 

recently been the method of describing and classifying livestock breeds using measures of genetic distances 

between populations. Genetic Markers, Microsatellites and Single Nucleotide Polymorphisms (SNPs) are tools 

used to characterize genetic diversity and distance of populations and to study association of SNP with QTL. So 

that recently SNPs have become markers of choice for diversity and for selection of gene of interest because of 

availability in large quantity and its neutrality. 

Genetic diversity allows a population to mount a successful evolutionary response to unpredictable 

environmental challenges such as changing weather, disturbance events, and variations in resource availability, 

and population sizes of competitors. When a population has a high level of genetic variation, it is better able to 

adapt to new environmental challenges. Determining classic genetic distances using neutral, highly polymorphic 

microsatellite markers is the method of choice for investigating genetic relationships and breed differentiation. It 

is generally accepted that genetic variation is the raw material of evolution, without which populations cannot 

evolve in response to changing environments.  

 

4. RECOMMENDATIONS  

SNP analysis for diversity and Gene or marker-assisted selection (MAS) is a promising strategy for genetic 

improvement of economically important quantitative or functional traits in developing countries which have 

huge number of livestock species with large genetic diversities.   
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