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Abstract

Assessing the variation in domestic animals through genetic diversity analysis, forms the basis for
sustainable management and development of Farm Animal Genetic Resources. Microsatellites, which
were reported to be highly polymorphic and widely distributed throughout the genome, have proved to be
one of the best molecular markers for genetic diversity analysis. International Society for Animal
Genetics (ISAG) and FAO advisory group proposed specific microsatellite panels for diversity analysis
in livestock species. Microsatellites can be combined with PCR and made more economical, if
multiplexing is done along with the usage of fluorescent labelled primers. Usually, 15-25 microsatellites
are chosen and data obtained from 30 unrelated individuals from each population. After genotyping, raw
data will be obtained in the form of allelic sizes for each microsatellite locus and reliability of data should
be checked using appropriate softwares. Genetic variation in the populations can further be assessed by
measuring allelic richness, Polymorphic Information Content and private alleles. F-Statistics which
describes the statistically expected level of heterozygosity in a population can also be measured from
microsatellite data. Genetic distance estimated indicates a measure of genetic divergence between species
or between populations within a species and dendrogram can be constructed further. Structure Analysis
which detects underlying genetic populations among a set of individuals and Bottleneck analysis which
detects genetic signatures of a recent reduction in population size, augments the data on genetic diversity.
Though whole genome genotyping arrays with SNP data have advantages, microsatellites are still
considered suitable markers to provide complementary information on genetic diversity.
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1. Introduction

Genetic diversity within and between populations could be measured and this formed the basis
of evolutionary and conservation biology. According to Erikson et al. (1993) 71 genetic
diversity provided raw material for adoption and evolution, and hence was essential for long
term survival of the species and populations. There is worldwide recognition of the need for
conservation of livestock diversity and for characterization of breeds and populations
including their genetic differentiation and relationships. (Food and Agricultural Organisation
(FAO), 1998) 1221

Wang et al. (2009) " explained genetic diversity as any variation in nucleotides, genes,
chromosomes or whole genomes of organisms. According to Mittal and Dubey (2009), genetic
diversity could be assessed among different accessions, individuals within same species (intra
species), among species (inter species) and/or between genus and families. Effective
management of farm animal genetic resources required comprehensive knowledge of not only
the breed characteristics, but also data on population size and structure, geographical
distribution, production environment and within and between breed genetic diversity
(Groeneveld et al., 2010) 2. The genetic diversity of domesticated animals is often
overlooked as having a meaningful

contribution to global biodiversity.

Thus, Genetic diversity can be estimated between populations, families and individuals. Since
genetic variation forms the basis of all livestock breeding programs, assessing the variation
through genetic diversity analysis, forms the basis for sustainable management and
development of Farm Animal Genetic Resources. Understanding how to analyse genetic
diversity through most appropriate methods, reveals much about the molecular variations and
population structure.
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2. Role of microsatellites in diversity analysis
Microsatellites were described as tandemly repeated motifs of
variable lengths that were distributed throughout the nuclear
genome in both coding and noncoding regions (Jarne and
Lagoda, 1996) 33, Microsatellites were di, tri, tetra or penta
nucleotide units, repeated in tandem and very useful as
genetic markers as they were highly polymorphic, locus
specific, co dominant and PCR based (Powell et al., 1996) 59,
Boyce et al. (1996) [ opined that microsatellites showed high
variability, high mutation rate, large number, distribution
throughout the genome, co dominant inheritance and
neutrality with respect to selection. For defining breeds and
describing them, microsatellite loci were considered to be best
suited (Goldstein and Pollock, 1997) 2%, Luikart et al. (1999)
3 reported that mutations showed a much higher rate in
microsatellites than in non-neutral markers, which reflected in
changes in the number of repeats and thus in the length of
fragments.

Gama and Bressan (2011) 2% observed that microsatellite loci
had high levels of allelic diversity which were essential in the
analysis of genetic diversity. Autosomal microsatellites were
reported to be the most popular markers for characterizing the
genetic  constitution of  breeds, establishing breed
relationships, describing the history of livestock and the
uniqueness at the breed level (Lenstra et al., 2012) [,
Microsatellites, which were reported to be highly
polymorphic and widely distributed throughout the genome,
have proved to be one of the best molecular markers for
genetic diversity analysis.

Among DNA markers, Fadhil et al. (2018) 2 considered
polymorphic microsatellite markers, as the most preferable
system for diversity analysis in farm animals using PCR
applications. Individual identification and certification have
gained significant progress in many countries for major
livestock species, due to the use of microsatellites
(Svishcheva et al., 2020) 671,

2.1 Selection of microsatellites for genetic diversity
analysis in domestic animals

Microsatellites were found to be powerful tools to
differentiate between breeds and results obtained were in
agreement with the breeding history and geographical origin
(Saitbekova et al., 1999; Yang et al., 1999) [63.76.771 " From
1990s onwards, molecular data became more and more
relevant for characterisation of genetic diversity (Groeneveld
et al., 2010) B2, Then came the necessity for providing
common guidelines throughout the world for analysis of
molecular data, so that global comparison and future
development of Animal Genetic Resource was possible.

FAO (2011) 2% issued guidelines advising not to use marker
categories such as Major Histocompatibility Complex or
protein polymorphisms for diversity studies. They further
advised that choice of marker panel was the most critical
decision in microsatellite analysis. International Society for
Animal Genetics (ISAG) and FAQO advisory group proposed
panels of 30 microsatellite markers for nine major livestock
species (www.globaldiv.eu/docs/ microsatellites%20
markers.pdf). The use of FAO-ISAG panel of microsatellites
maximised the utility of the study to the regional or national
level to obtain a global view to Animal Genetic Diversity.
Many existing datasets from completed characterization
studies that have used FAO-ISAG markers allowed new data
to be compared with more breeds than any other
microsatellite panel, particularly for cattle, sheep and goat
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(FAO, 2011) 2%, Hale et al. (2012) ¥ reported that 25 to 30
individuals per population was enough to accurately estimate
allele frequencies in microsatellite studies and there appeared
to be little benefit when sampling size was increased.

The study of genetic diversity of livestock at the molecular
level has developed into an active area of research around the
world and hence it is most appropriate to use Microsatellites
from FAO-ISAG panel, so that the study maintains a global
uniformity. Using SNP chips is a modern alternative for
genetic diversity analysis, but demands huge economic
commitment.

2.2 Multiplex PCR for Microsatellite Amplification
Multiplex PCR is a widespread molecular biology technique
for amplification of multiple targets in a single PCR
experiment. In a multiplexing assay, more than one target
sequence can be amplified by using multiple primer pairs in a
reaction mixture. In a single template PCR reaction, the
technique uses a single template DNA along with several
pairs of forward and reverse primers to amplify specific
regions in a template.

Reports indicated that multiplexing was done for
microsatellites as it proved to be less costly in terms of both
time and money (Guichoux et al., 2011; Hamoy and Santos,
2012). Researches where multiplexing was done for
microsatellite amplification in goats included those performed
by Tolone et al. (2012) '4 and Agaoglu and Ertugrul (2012)
4, Lia et al. (2018) 3 reported multiplex SSR-PCR as an
efficient and economical technology which yielded accurate
genetic information under limited resources.

2.3 Tagging PCR Primers with Fluorescent Dyes

For conducting multiplex PCR, while screening large number
of individuals, it is possible to fluorescently tag 5° end of PCR
primer by making modifications in the primer. The dyes
usually used include FAM (Blue), VIC (Green), NED
(Yellow) and PET (Red). By carefully standardising the
annealing temperature and magnesium chloride concentration
or by combining Touchdown PCR with multiplexing, two to
four microsatellite loci can be amplified and then genotyped
using automated sequencer with software for allele calling.
Another alternative is doing simple PCR with fluorescent
labelled single pair of primers and then mixing PCR products
obtained from different fluorescent labelled primers, before
sending for genotyping. Fluorescent labelled primers were
used for microsatellite analysis by several workers (Dixit et
al., 2009; Kumar et al., 2009; Dixit et al., 2010; Martinez et

al., 2012; Aljumaah et al., 2012, Radhika et al. 2016) 14 40. 15
47,3, 62]

One of the major reasons for microsatellites becoming
markers of choice in genetic diversity studies is that, it can be
combined with PCR or can be made more economical if
multiplexing is done along with the usage of fluorescent
labelled primers.

2.4 Genotyping

After proper amplification of each microsatellite by PCR,
amplified fragments should be checked on agarose gels by
electrophoresis and on conformation, sent for genotyping.
Since repeat units are small in size, amplification detection
methods using capillary electrophoresis on an automated
DNA sequencer and subsequent sizing using suitable
softwares have to be done. This provided discrimination
between two closely sized alleles. After genotyping, raw data
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will be obtained in the form of allelic sizes for each
microsatellite locus. Binning of alleles can be done using
suitable software like Flexibin. Then reliability of data can be
checked for null alleles, Linkage Equillibrium and for Hardy
Weinberg Equillibrium (HWE). (Amos et al., 2007,
Kallinowski, 2007 3% and Excoffier and Lischer, 2010) Bl A
data conversion program considered as starting point for
formatting input data files is Convert (Glaubitz, 2004) [28
which can create input files for several other formats. From
this point, the file formats obtained maybe used as input files
for different computer programs, in order to analyse the
following parameters.

3. Estimation of genetic variation

Allelic variation and heterozygosity analysis were reported as
the major two approaches which examined genetic variation
in populations (Allendorf and Luikart, 2007) M. Allelic
richness, Polymorphic Information Content (PIC) and private
alleles were estimated to determine allelic variation in the
data. Counting the total number of alleles at a particular locus
in a population is considered as a method to measure genetic
variation. But the number of distinct alleles depended heavily
on sample size and it became difficult to interpret the result
when sample sizes differed across populations. Allelic
richness was defined as a measure of allelic diversity that
considered the sample size (Mousadik and Petit, 1996) % or
the number of distinct alleles expected in a random sub-
sample drawn from the population (Petit et al., 1998) [,
Barker (1994) [61 suggested that for studies of genetic
distance, microsatellite loci should have more than four
alleles to reduce the standard error of the distance estimates.

3.1 Private Alleles

Private allele richness or number of unique alleles in a
population is a simple measure of genetic distinctiveness.
Presence or absence of private alleles was reported to give an
idea about the migration rates between populations as Slatkin
(1985) ®4 proved that there is a linear relationship between
actual number of immigrants entering to a subpopulation at
each generation (Nm) and average frequency of private alleles
at equilibrium. They concluded that if gene flow is small,
several private alleles were found in populations that
developed by mutations. Lowel and Allendorf (2010) 4
opined that length of time that a new allele stays private was
determined by the migration rates, which meant that
proportion of alleles that were private decreased as migration
rate increased. According to Svishcheva et al., (2020) [®7], the
presence of private alleles in native breeds of cattle indicated
unique gene pools, and they further pointed out that the
private alleles might be considered as an effective tool for the
genetic identification of breeds.

Presence of more private alleles in a population indicated
distinctness of that genetic group over others. As the
migration rate or gene flow (Nn) increased, the proportion of
private alleles started to decrease and in many animal
populations, private alleles were observed in very low
frequency only.

3.2 Polymorphic Information Content (PIC)

PIC is a measure of polymorphism for a marker locus and is a
relative measure of the informativeness of a marker, which
depends on the number of alleles of this marker and its
relative frequency in the population (Bolstein et al., 1980).
Hande (2010) B34 stated that markers were classified as
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polymorphic and informative, if PIC was greater than 0.5,
whereas if it is above 0.75, the locus becomes much more
informative.

3.3 Heterozygosity

The measure of genetic diversity in a population is otherwise
termed as expected heterozygosity (He), which is the expected
probability than an individual will be heterozygous at a given
locus. Average expected heterozygosity calculated over all
loci within a population can be considered as the best general
measure of genetic variation as Gorman and Renzi (1979) %
reported that He was not generally affected by sample size and
even a few individuals were sufficient for estimating He, if a
large number of loci were examined. He was compared with
Ho, (observed heterozygosity) to determine whether a
population was in Hardy Weinberg Equilibrium.

3.4 F-Statistics

F-Statistics describes the statistically expected level of
heterozygosity in a population or expected degree of
reduction in heterozygosity when compared to Hardy-
Weinberg expectation. F-Statistics include Fis, Fst and Fir.
The F-Statistics or the inbreeding coefficients in a population
developed by Wright (1965) and extended by Nei (1972) [
was reported as the oldest and most widely used method to
measure the genetic differentiation within and between
populations (Allendorf and Luikart, 2007) [,

34.1Fis

Fis is the inbreeding coefficient of individual relative to
subpopulations. It is a measure of departure from Hardy-
Weinberg proportions within local subpopulations Wright and
Ewens (1969) [ defined Fis as the proportion of the total
inbreeding within a population that was because of inbreeding
within subpopulations. It was estimated from heterozygote
deficit. Nei (1987) B explained a number of factors
including inbreeding, locus under selection (genetic
hitchhiking), null alleles (non amplifying alleles) and
presence of population substructure (Wahlund effect) as
possible reasons for lack of heterozygotes in a population.
Positive Fs estimates indicated either presence of inbreeding
in the population and/or a Wahlund effect as observed by
Pariset et al. (2003) [5¢1,

Tang (2006) [ opined that degree of inbreeding was high
when Fis was a positive number, whereas there was
outbreeding within breeds when Fis was a negative value.
Lenstra et al. (2012) 2 suggested that for most livestock
species, geographical isolation and selective breeding
generated multiple subdivisions.

3.4.2 Fst

Fsr is a measure of genetic divergence among sub populations
and can be used as a distance measure. Fst ranges from zero
to one and becomes zero, when populations have equal allele
frequencies, during panmixia and Fsr is equal to one, when all
the genetic variation is explained by population structure,
when populations are fixed for different alleles. Fsr is
otherwise called as fixation index. Genetic structure of
population was studied for different species and breed
differentiation was reported as 0.099 in dogs (Jordana et al.,
1992) 510.1 to 0.2 in humans (Cavilli-Sforza et al., 1994) 14,
0.1 in European cattle breeds (Mac Hugh et al., 1998) 161,
0.17 in goats (Saitbekova et al., 1999) 6% and 0.08 in Spanish
horse breeds (Canon et al., 2000) !, Generally Fsr values
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between 0.05 and 0.3 were typical for differentiation of
livestock breeds, with a value over 0.15 indicating significant
differentiation, although much smaller values could also be
significant (Frankham et al., 2002) . Fsr calculated for
Indian cattle was 0.113 (Mukesh et al., 2004) 51 whereas for
Indian sheep breeds, Nalli and Chokla it was 0.083 (Sodhi et
al., 2006) and the low level of genetic differentiation between
two sheep breeds suggested larger extent of genetic exchange
between the breeds through inadvertent mating due to sharing
of common breed tract. In an extensive study by Canon et al.
(2006) 291 where 45 goat breeds from Europe and Middle East
were analysed, less than seven per cent of the total genetic
variability was attributed to differences among breeds. The
results were interpreted as being a consequence of high
mobility of goats which have accompanied human migration
and commercial routes thus providing the opportunity for
admixture among the populations from which the breeds
currently recognised have originated (Naderi et al., 2007).
Lenstra et al. (2012) 4 observed that genetic distances
between multiple samples of the same breed or between
closely related breeds tend to be smaller than the distance
between divergent breeds.

3.5 Gene Migration (Nm)

N is the effective number of migrants in a population. In the
context of conservation and maintenance of genetic
variability, migration values (Nr) could be interpreted as the
upper limit of number of migrants per generation, which
would allow the maintenance of observed genetic
differentiation between breeds (Canon et al., 2000) 1,

Sodhi et al. (2006) %61 suggested that high level of gene flow
(3.896) was the probable cause of great genetic similarity
among neighbouring breeds. Unlike populations in the wild,
dispersal ability and hence gene flow among domestic animal
populations was believed to be governed more by human
intervention than by physical barriers (Gizaw et al., 2007) 27,
Gene flow can be estimated from Fsr. High gene flow
between breeds is often the reason for less genetic
differentiation between them and in case of domestic animals,
it is a consequence of human intervention.

3.6 Genetic distance

Genetic distance is a measure of genetic divergence between
species or between populations within a species, which gives
an indication about the shared common genes between
populations. It gives a relative measure of time that has
elapsed since the populations have existed as single cohesive
unit. Nei (1972) 531 stated that if the rate of genetic change is
constant per year or generation, then Nei’s standard genetic
distance (Dsr) increased in proportion to divergence time.

3.6.1 Neighbor-Joining (NJ) and UPGMA trees

In UPGMA described by Sneath and Sokal (1973) 6% a pair
of taxa with the smallest distance was combined into one
cluster and formed composite taxa. This process was repeated
until a rooted tree was made. The branch lengths were
calculated so that the sum of branch lengths from taxa to the
node connecting the two taxa was half the distance of the two
taxa. In UPGMA, the rate constancy (rate of genetic change is
constant per generation or year) was assumed.

In NJ method described by Saitou and Nei (1987) B4 all
branches were connected to one node and a pair of taxa or
population which gave the smallest sum of branch lengths
were combined into a cluster and formed a composite taxa.
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This process was repeated until an unrooted tree was
produced.

Takezaki and Nei (1996) %8 opined that if rate constancy
approximately holds, UPGMA was efficient in constructing
the correct tree topology.

3.6.2 Bootstrap Test

In bootstrap test (Felsenstein, 1985) 1 the loci were
resampled with replacement. The phylogenetic tree was
constructed with the distance values calculated from the same
number of resample loci as that of the original input dataset in
each replication. The number of replications in which the
branch appeared was counted and the proportion of this
number in the total replications was shown in per cent on the
branch of the tree.

According to Dadi et al. (2008) 3, low bootstrap values
implied that the classification observed on the dendrogram
were not well supported and did not represent distinct
evolutionary units. Zero or negative figures were not to be
considered.

3.6.3 Construction of Dendrogram

Phylogenetic reconstruction reduced highly multidimensional
data into a two dimensional diagram. Trees of individuals or
breeds could be reconstructed on the basis of genetic
distances (Lenstra et al., 2012) 421,

Reynold’s distance (Da) was used as an estimator of
subdivision parameters and was found to be the most accurate
distance measure for recent divergence events measured by
microsatellites (Laval et al., 2002) 4. Lenstra et al. (2012)
12l stated that genetic distances between multiple samples of
the same breed or between closely related breeds were smaller
than the distances between divergent breeds.

3.7 Structure Analysis

Structure Analysis detects underlying genetic populations
among a set of individuals genotyped at multiple markers. It
computes the proportion of the genome of an individual
originating from each inferred population.

Pritchard et al. (2000) [ recognised the need for a procedure
to identify genetically differentiated population directly from
individual genetic polymorphic data, instead of relying on a
priori population information. Genotypic clustering models
were developed in a Bayesian statistical framework, available
in software package Structure V.2.3.4 from Pritchard et al.
(2000) ®1 and modified by Falush et al. (2003) 4. This
program offered the prospect of inferring the number of
underlying populations, ‘k’ present in an emperical data set,
thus providing an effective way to illustrate the presence of
population structure and to distinguish distinct genetic
populations.

The most significant factors to determine for structure
analysis are the burn in length, ancestry model and estimation
of ‘’k’ (number of populations).

Burn in length explained how long to run the simulation
before collecting data to make sure that the simulated
population reached to drift mutation equilibrium which
minimized the starting configuration. Typically, a burn in
length of 10,000 to 1,00,000 was reported as more than
adequate (Falush et al., 2003) 4. For the ancestry of
individuals, admixture model was preferred as it was flexible
for many complexities of real populations as it assumed that
individuals had mixed ancestry (Falush et al., 2003) 24,
Parker et al. (2004) 71 opined that Structure was designed to
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overcome the limitations inherent in phylogenetic tree models
and were applied to infer genetic structure in several species.
Pritchard and Wen (2004) [9 explained that Structure
algorithm did not provide a statistical indication of most
likely ‘k’. Instead ‘k’ was identified as a point of inflection on
the log likelihood curve that led to a plateau or by the
maximum value. One method for estimating ‘k’ was
suggested by Evanno et al. (2005) 8] where Ln P(D) equals
log likelihood for each k i.e. L (k). Therefore when ‘k’ is
approaching a true value, L (k) plateaus and reaches it
maximum value. Another method developed by Tapio et al.
(2010) ™, and widely used, tested similarity between the
results of individual runs for each different value of ‘k’. At
maximum similarity, it is argued that the correct ‘k’ is
obtained.

Structure analysis helps to identify the structure of a
population, especially its admixture, directly from individual
genetic polymorphic data, instead of relying on prior
population grouping.

3.8 Bottleneck Analysis

Bottleneck analysis allowed detecting genetic signatures of a
recent reduction in population size based on the assumption
that bottlenecks produced a faster reduction of allelic diversity
than of heterozygosity (Cornuet and Luikart, 1996) 2, They
computed the distribution of expected heterozygosity by
simulating a coalescent process for each locus and population,
and under the assumption of mutation drift equilibrium, under
three possible mutation models, infinite alleles model (IAM),
stepwise mutation model (SMM) and two phase mutation
model (TPM). They also stated that distribution obtained by
simulation allowed to calculate the significance of the
difference between observed and expected heterozygosities
under the scope of three statistical tests (Wilcoxon signed-
rank, sign and standardized differences tests) implemented in
the program.

Tantia et al. (2004) [ reported that any population that
experienced a recent bottleneck showed higher than expected
heterozygosity for a large majority of loci. Genetic bottleneck
occurred when population experienced temporary reduction in
size, which influenced distribution of genetic variation within
and among populations (Kumar et al., 2009) 41,

For analysisng microsatellite data, R package is
recommended. Otherwise, different computer programs have
to be chosen for estimating different parameters. In order to
estimate the allelic diversity and for calculating F statistics,
FSTAT 2.9.3 Package (Goudet, 2001) B3 may be used.
Observed and effective number of alleles denoted as n,and ne
maybe determined by Pop Gene 1.32 (Yeh et al., 1999) U7,
Cervus Version 3.0.3 (Kallinowski et al., 2007) % may be
used to determine PIC. To identify genetically differentiated
population directly from individual genetic polymorphic data,
Structure analysis using software Structure (Pritchard et al.,
2000) U modified by Falush et al. (2003) [ maybe
performed. Analysis maybe done using software program
Bottleneck V.1.2.02 (Cornuet and Luikart, 1996) [*?1 to detect
genetic signatures of a recent reduction in population size
using three possible mutation models IAM, SMM and TPM
under the scope of three statistical tests (Sign test,
Standardised difference test and Wilcoxon test).

4. Conclusion
The investigation of genetic diversity at molecular level was
proposed as a valuable complement and sometimes proxy to
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phenotypic diversity of local breeds and is presently
considered as one of FAQO priorities for breed characterization
(Ajimone-Marsan et al., 2014). Molecular marker of choice
for genetic diversity analysis, the microsatellites, could be
successfully utilised for analysing domestic animal
populations. This is done by calculating allelic richness,
Polymorphic Information Content, private alleles, F-Statistics
including Fis, Fst and Fir, Genetic distance, admixture in the
populations (Structure analysis) and by detecting genetic
signatures of a recent reduction in population size (Bottleneck
analysis), using appropriate computer programs. The future of
genetic diversity studies lies in the development of SNP
panels that assay thousands of markers and whole genome
sequencing of livestock species. Yurchenko et al. (2017)
studied European cattle breeds using whole-genome
genotyping arrays and Upadhyay et al. (2019) studied
Genomic relatedness and diversity of Swedish native cattle
breeds. Edea et al. (2018) reported that whole genome
sequencing in domestic animals, primarily cattle, gained
much advance in recent years. Though such arrays with SNP
data have advantages, microsatellites are still considered
suitable markers to provide complementary information on
genetic diversity (Yu et al., 2015) and researchers are
publishing recent works on microsatellites for genetic
characterisation (Mira et al. 2021).
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