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Microsatellites are tandemly repeating motifs of 2- 6 bp in length, found in
genomes of almost all eukaryotes. Due to their properties they have become
an indispensable tool for biodiversity analysis and conservation
management in wild natural populations. In this current paper, we have
reviewed some of the major applications of microsatellites in wildlife
conservation. The present study discussed with the role microsatellites can
play in management of natural populations for conservation and the
difficulties that are encountered during their field application.

Introduction
Microsatellites or simple sequence repeats
(SSRs) are tandemly repeated motifs of 1 - 6
bases found in all prokaryotic and eukaryotic
genomes. They are ubiquitously present within
the genomes and are usually characterized by
a high degree of length polymorphism.
Microsatellites are valuable tools for genome

mapping in many organisms (Knapik et al.,
1998), however, they are also widely used for
ancient and forensic DNA studies, in
population genetics and conservation/
management of biological species (Jarne and
Lagoda, 1996). The repeat motifs of
microsatellites are usually up to six base pair
long and are tandemly repeated and a single
motif is usually arranged in repeating units in
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head to tail manner without interruptions.
These tandemly repeating di- or tri- nucleotide
bases create polymorphism by varying the
number of repeat unit and are shown to be
polymorphic in almost all eukaryotic
organisms (Litt and Luty, 1989). Frequency of
their
occurrence,
co-dominant
nature,
polymorphism and distribution in genome
make them an excellent marker for mapping
studies (Luty et al., 1990). Furthermore, the
property
of
being
multiplexed
and
automatization provides new areas where
these markers can be potentially applied in
large sample sizes. From past decade the use
of microsatellites in natural populations has
been increasing tremendously, and they have
been used for analysis of population structure
(Arora and Bhatia, 2004) and dispersal
patterns (Wimmer et al., 2002), estimation of
genetic variability and inbreeding (Mateus et
al., 2004), evaluation of paternity to maintain
pedigree records (Luikart et al., 1999), for
tracking alleles through a population (Arranz
et al., 1998) and individual identity and
estimation of degree of relatedness between
populations or pairs of individuals (Maudet et
al., 2002). The increment in use of
microsatellite markers for population level
studies have been due to the fact that they are
randomly found distributed throughout the
genome, occurs in non-coding part, neutral,
highly polymorphic within and between breed/
species, co-dominant in nature and a relatively
small mount of DNA is required for
genotyping as it is PCR based. The genomic
DNA for microsatellite genotyping can be
obtained from tissue or minute quantities of
blood, from shed hairs, epithelial sloughing in
saliva (Inoue et al., 2007) urine (Valiere and
Taberlet, 2000) or faeces (Brinkman et al.,
2011; Shrivastava et al., 2013). The loci are
amplified by PCR and resolved in denaturing
PAGE or alternatively, the primers are
sometimes fluorescently labelled, and the
allele sizing is done by automatic fluorescent
scanner to produce peaks at different alleles.

Because alleles vary in the number of repeats
of the microsatellite motif, heterozygous
individuals will show two PCR product bands,
while homozygote will only display a single
band.
Application of molecular methods in
estimation of genetic diversity of natural
populations, species identification in animal
forensics provides advantage of being
reproducible and accurate. The use of genetic
techniques in conservation of wild natural
populations is in diversity analysis and it aims
in estimating the relatedness between
individuals in a population to design a proper
mating plan to minimize inbreeding and
reduce incestuous mating in captive breeding
programms (Frankham et al., 2002).
Populations having lower genetic diversity
and elevated levels of inbreeding are relatively
higher risk of extinction (Saccheri et al.,
1998). Russello and Amato (2004) has
emphasized that “assessment and preservation
of biodiversity of wild populations is crucially
important to minimize the loss of initial
genetic variation as a consequence of
inbreeding”. This brief perspective article will
focus on the application of microsatellites in
wildlife conservation and decision making and
the challenges faced in the application of this
technique in natural populations.
Estimation
inbreeding

of

genetic

diversity

and

One of the most potential roles of
microsatellite markers is in genetic diversity
and inbreeding analysis. Inbreeding in wild
populations has been known to occur and its
consequences have been an issue of debate.
Ralls et al., (1988) used the data of forty
captive populations from 38 species and
showed average increase in mortality of 33%
inbred mating, they also suggested that in
natural population the total cost of inbreeding
depression in wild species may be much
higher and may have substantial evolutionary
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consequences (Ralls et al., 1988; Crnokrak
and Roff, 1999). Later on, Crnokrak and Roff
(1999) showed that cost on inbreeding in wild
species was much higher in natural
populations than in captive bred populations
and fitness traits exhibited moderate to high
levels of inbreeding depression under natural
conditions. Slate et al.(2000) used nine
microsatellite markers in red deer population
(Cervus elaphus) to estimate the effect of
inbreeding depression on lifetime breeding
success in natural wild population. They
showed that heterozygosity was positively
correlated with male and female life time
breeding success in targeted red deer
population (Slate et al., 2000). Inbreeding
effects the health and lifetime parameters in
wild species. Charpentier et al., (2008)
showed the effect of inbreeding on captively
bred ring-tailed lemurs housed under semi
natural conditions. Genomic DNA was
obtained from blood and tissues and the
animals were genotyped at 10 -15
microsatellite loci developed from bamboo
lemur and eastern lesser bamboo lemur. It was
shown that genetic diversity affects the fitness
related traits including burden of parasites
(some expressing immunocompetence), it was
also shown that inbred lemurs are likely to die
earlier due to diseases as compared to the
outbred ones (Charpentier et al., 2008). Liberg
et al., (2005) discovered a severe inbreeding
depression in wild wolf population using 32
autosomal microsatellite loci.The question of
number of loci than must be used for accurate
assessment of inbreeding depression was
addressed by Slate and Pemberton (2002), that
showed that power to detect heterozygosityfitness association is low when ten or lesser
number of markers are used. However, they
also concluded that molecular methods can not
always be used to disregard the presence of
inbreeding in populations and they may not
detect all cases of inbreeding depressions
(Slate and Pemberton, 2002). O'Grady et al.,
(2006) estimated the risk of extension due to

increased levels of inbreeding using
simulation study. They concluded that median
time of extinction across species is increased
with increment in inbreeding or with
inbreeding depression. Inbreeding depression
lowers the population size that increases the
probability of extinction. Thus, it becomes
necessary to ascertain and give emphasis to
inbreeding levels during captive mating
programmes and introduction/ re-introduction
of species. The other important estimates that
can be obtained by application of
microsatellites is the heterozygosity, genetic
diversity or distance or estimation of
hybridisation in natural populations. Arif et
al., (2010) utilized seven microsatellite loci on
24 Arabian oryx to assess genetic diversity in
captive bred population. They found high
level of genetic diversity within the population
with average gene flow ranging from 0.204 to
0.424 and emphasized on the use of marker
related
genetic
diversity indices
in
management of captive breeding programme
(Arif et al., 2010). Diversity analysis has been
a mainframe in formulating mating plan and
management of wild animal species either in
captive areas or semi captive or natural
habitats, Zidek et al., (2008) performed
biodiversity analysis using nine microsatellite
loci in two different populations of deer and
found that majority of genetic variation (89.1
%) was due to differences among individuals
and only 11.9 % was due to differentiation
among the origin of animals, Ruiz-Garcia et
al., (2006) has reported high level of genetic
diversity in Columbian jaguar population and
reported no bottleneck effects in the
population overall. A significant finding with
managemental perspective was reported by
Valvo et al., (2009). They found out genetic
sub-structuring in Red deer (Capreolus
capreolus) in provinces of Belluno and Trento
and pointed out that the ecological sub
divisions of the populations did not coincide
with the administrative sub-divisions of the
province that are used for management of the
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population underscoring the usefulness of
genetic estimated of population structure in
managemental decisions (Valvo et al., 2009).
Parentage and hybridization
Another important aspect of application of
these markers, which requires a separate
mention is in parentage analysis and
estimation of hybridisation in wild
populations. Haanes et al., (2005) identified a
panel of microsatellite markers, for Norwegian
red deer, that can be used for parentage
analysis in large populations when one parent
is known which can be effectively used in
captive bred individuals. A significant
application was reported by DeYoung et al.,
(2002), which showed multiple paternity in
white tailed deer using microsatellite markers.
They reported the first ever case of multiple
paternity for single ungulate litter that can
have implications on reproductive biology of
the species and their management strategies
(DeYoung et al., 2002). Zsolnai et al., (2009)
have developed eight plex microsatellite PCR
for parentage determination and control in
deer (Red deer and fallow deer). Similarly,
microsatellite markers have been developed
for plateau pika (Ochotona curzoniae) (Li et
al., 2009) and have been shown to be 99.999
% effective in determination of parentage in
plateau pika (Li et al., 2010). Hybridisation
and cross amplification of microsatellites from
different related species have also been found
useful, in study of forensics or identification
or in estimation of introgression. Cross
amplification is substantially an important
aspect as some endangered / cryptic species
are hard to find and hence, isolation and
development of novel microsatellite markers
in such species will be quite difficult. Such
cross amplifications have been reported
between woolly monkeys and new world
primates (DiFore and Fleischer, 2004), cattle
and wild gaur (Nguyen et al., 2007), ungulates
and Pampas deer (Cosse et al., 2007) etc. A
significant study that deserves separate

mention was of Mantellatto et al., (2010),they
used microsatellite loci from Reindeer
(Rangifer tarandus), Red deer (Cervus
elaphus), Chital or spotted deer (Cervus axis),
Dwarf musk deer (Moschus berezovskii), on
five species of genus Mazama (Brazilian
brocket deer). Total 15 markers were tested on
two individuals of each species. Out of these
fifteen fourteen were amplified in genus
Mazama which was later on confirmed by
sequencing (Mantellatto et al., 2010).
Challenges in non-invasive DNA typing
One of the major challenges in application of
DNA technology is in obtaining the genomic
DNA from wild populations. It is often not
possible to collect blood for DNA isolation
specially in natural populations or sometimes
in semi-captive areas. Also, for endangered
and cryptic species, methods like trapping and
radio-collaring may not yield the desired
results (Taberlet et al., 1999). Shrinking
habitat, less number of individuals, high risk
of death or injury during capture for sample
collection may also complicate the process
(Greenwood, 1996). The methods of non invasive sampling have thus been advocated
for field collection of samples, such as
collection of fallen hairs, faeces, saliva etc.
(Piggott and Taylor, 2003). The potential
sources of DNA include shed or plucked hairs
from primates, marmots, bear (Constable et
al., 2001; Banks et al., 2003). Hair trapping
and methods of hair collection for DNA
isolation have been proven to be useful in
Capuchin monkeys (Valderrama et al., 1999),
free ranging black bear and brown bears
(Woods et al., 1999). In addition to hairs, the
next target for non-invasive sampling can be
epithelial cells shed from intestinal lining with
faeces (Hoss et al., 1992). DNA isolation from
faeces has been effectively used in many wild
animal species including primates (Utami et
al., 2002), mountain lions (Ernest et al.,
2000), bears (Taberlet et al., 1997), dolphins
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(Parsons et al., 1999), black rhinos (Garnier et
al., 2001), chital deer (Shrivastava et al.,
2013). Besides the faecal DNA other unusual
sources of DNA have been also tried like
urine in wolves (Valiere and Taberlet, 2000),
chewed food in chimpanzees (Morin and
Woodruff, 1996), sloughed skins in cetaceans
(Valsecchi et al., 1998), nesting materials,
egg shells and feathers in birds (Pearce et al.,
1997; Nota and Takenaka, 1999). Non –
invasive genotyping has gained momentum in
past decade however, there are some possible
limitations that must be considered into. The
main limitation is the quality and quantity of
DNA obtained from such samples as well as
possible contamination of the field samples.
This makes microsatellite genotyping error
prone. Poor quality DNA or mostly the faecal
DNA in microsatellite analysis shows allelic
dropouts (mis-identification of heterozygote
individual as homozygote) and production of
false alleles (Taberlet et al., 1999; Piggott and
Taylor, 2003). The error rates are more
consistent in faecal DNA, as the quality and
quantity of faecal DNA depends on variety of
factors, these include time of collection, target
species, season of collection, individual
variations etc. (Goossens et al., 2000;
Shrivastava et al., 2012). For example,
Lucchini et al., (2002) have shown that wolf
faeces collected in fresh winter produce good
quality DNA as compared to the older ones or
those collected in summer. Therefore, there
are a number of variables affecting quality
and quantity of DNA obtained from noninvasive sampling, this however, also implies
that a single protocol may not work for all
type of samples at all time and DNA isolation
protocol needs to be adjusted and developed
accordingly (Taberlet et al., 1999).
To nullify the false allele rates, studies using
faecal DNA have used replicates of samples
per PCR reaction. Initial studies have
suggested the use of 10 or more replications
per PCR reaction (Navidi et al., 1992),
however, it was also found that this multiple

tube approach can be effectively used with 3 8 replicates per sample (Taberlet et al., 1999).
The other source of error is the contaminating
DNA mainly obtained from semi digested
food that can produce false bands. To nullify
this species specific or genus specific primers
can be designed with better sequence
homology and stringency (Piggott and Taylor,
2003). If at all, the primer specificity is not
reached, the final PCR products can be
sequenced to determine their origin and
similarity. The other factor to consider is the
collection and storage of the samples DNA
isolation. The field samples must never be
touched with bare hands as human DNA can
interfere in analysis, for hairs it is relatively
easy to store in paper envelops and bought to
lab for processing, however, for faecal DNA
utmost care is required, as the type and
texture of faeces from each species is
different. It is suggested that faecal samples
may be dehydrated (Farrell et al., 2000),
alcohol treated (Constable et al., 2001),
frozen at -21 oC (Ernest et al., 2000), or
stored in buffers containing high salt
concentration (Frantzen et al., 1998) that will
hinder the activity of DNA degrading
enzymes. A similar consideration is to be
given for the extraction protocols. Surface
washing and whole sample homogenization
can be adopted but they depend on size and
type of the faecal matter. Small faecal
samples are good for surface wash as some
studies (Flagstad et al., 1999) have effectively
utilized the surface washing and achieved low
error rates (2%) as compared to whole sample
homogenization (30%). It is clear that type of
sample, time of collection, species targeted
and contamination are the factors that affect
the accuracy of genotyping as well as the
collection and DNA extraction protocol that
needs to be followed. Therefore, it is
imperative to run a pilot study for
standardization of collection, storing and
extraction protocol before going for large
scale field sampling (Taberlet et al., 1999).
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In the current brief review, we tried to
underscore the usefulness of microsatellite
DNA markers in wildlife conservation and the
role it can play in decision making and
management of captive mating programms for
species conservation. There has been a lot of
work that has been done in the field, however,
few factors must be considered viz., type of
study, species targeted and source and
processing of genomic DNA. We also
highlighted the advantages that microsatellite
provides over other markers viz., being
ubiquitous, co-dominant, PCR mediated,
hence are preferred for population level
studies. Some limitations however still
remain, as the requirement of good quality
and quantity of DNA, that may instil
genotyping error and false alleles, however
careful design of experiment and pretesting
the protocols using a pilot study will alleviate
these difficulties. The use of microsatellite
therefore is widespread in wildlife
conservation which can be effectively utilized
with precautions.
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