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Abstract. The reduction of the size and range of populations, and the destruction of their breeding sites
has led to situations in which the existence of a population depends on breeding performed by humans in
controlled conditions. Such conservation and restoration work should be based on maintaining the ability
of protected populations to adapt to environmental conditions. This ability is determined by genetic
variation within populations as well as individual genetic characteristics specific to a given population.
Managing and preserving the genetic variation of a conserved population is one of most important factors
that determine the success of a conservation program. This paper reviews a method based on DNA
microsatellite polymorphism and its associated techniques for detection, management and conservation of
genetic variation. It covers the use of this method in detecting and monitoring changes in intrapopulation
genetic variability. It also covers the usefulness of this technique in assembling breeding pairs based on
their genetic profiles, evaluating genetic differences between populations, optimizing and managing
genetic variation resources deposited in banks of cryopreserved gametes, and evaluating the effectiveness
of programs for conservation and restoration of species. Finally, suggestions for further development of
the method are included.

Keywords: biodiversity, bioinformatic tools, conservation of endangered species, genetic variation,
human dependent populations, molecular techniques

Introduction

The rate of extinction of populations has been accelerating since the end of the 19%
century, especially that of populations susceptible to environmental changes caused by
human activity. Reduction of population ranges, destruction of breeding sites and
reduction of population sizes have led to populations that depend on breeding
performed by humans in controlled conditions (Koljonen et al., 2002). After being
reared in controlled conditions, individuals are released into existing populations to
extend the existence of those populations (Brown and Day, 2002).

Large numbers of progeny can be obtained from a few parents by using
cryoconservation techniques and artificial breeding, but this method does not take into
consideration the genetic differences between parents and their impact on population
fitness. Although this method can be effective if environmental conditions are optimal,
it leads to gradual reduction in the genetic variation of populations, which progresses
with each succeeding generation (Fraser, 2008). This decrease in variation reduces the
potential of the population to adapt and makes it vulnerable to changes in environmental
conditions and invasion of pathogens, and thus could pose a threat to the existence of
that population (Pastor et al., 2004; Zemanova et al., 2015).

Therefore, maintaining the ability of protected populations to adapt to environmental
conditions should be the basis of conservation and restoration works. This ability is
determined by genetic variation, which can be estimated with molecular techniques.
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This paper reviews a method of estimating genetic variability based on DNA
microsatellite polymorphism and its associated techniques, which can be used to help
conserve species endangered by extinction and to solve problems in conservation
biology.

The paper should serve as useful compilation of up-to-date information about this
method and its applications, as well as a source of suggestions for future developments
of the method.

Microsatellite DNA

Microsatellite fragments of DNA constitute a substantial part of the genome of
eukaryotic organisms (Charlesworth et al., 1994; Sawera et al., 2001). They are
commonly used as a marker of genetic diversity in protected populations (Nielsen and
Sage, 2001; Kim et al., 2004; Jurczyk, 2006; Zemanova et al., 2015). Microsatellite DNA
is also used in monitoring the genetic fitness of conserved populations and in tracking
their interaction with other populations (Was and Wenne, 2002).

Microsatellite DNA has a number of characteristics that make it useful for these
purposes. First, changes within microsatellite sequences are inherited according to
Mendel's laws. Second, because changes in microsatellite fragments are not subject to
natural selection, it is likely that the individuals that are heterozygous in many of the
microsatellite loci may also be heterozygous in loci encoding proteins responsible for
their adaptability. Thus, the degree of polymorphism of microsatellite loci is a measure
of the level of genetic variability in a stock or natural population (Guichoux et al.,
2011). Third, microsatellite fragments can be used as universal markers and will not be
affected by chromosomal mutations, because they are evenly distributed within
chromosomes (Sawera et al.,, 2001). Fourth, these fragments are adjacent to
evolutionally preserved flanking sequences (Santana et al., 2009). The presence of these
flanking sequences enables the design of short oligonucleotides (primers) and the
replication of mini-microsatellite sequences using the Polymerase Chain Reaction
(PCR) (Sztuba-Solinska, 2005). Finally, microsatellite DNA can be used to detect very
small genetic differences between organisms. This is because microsatellite fragments
are some of the most polymorphic fragments of DNA, due to the presence alleles
differing in length in a given chromosomal locus. The differences in length result from
variations in the number of the repeat motifs that make up a microsatellite DNA
fragment (O'Conell and Wright, 1997; Kelkar et al., 2010).

Advantages of Microsatellite DNA for Estimating Genetic Variability

Although the various techniques for estimating genetic variability have their
advantages, the use of microsatellite DNA for this purpose has a number of advantages
that make it a method of choice in a wide range of applications. For example, single
nucleotide polymorphisms (SNP) can be used in studies on genetic variation as well.
The SNP technique requires the analysis of many sites of point mutations, and therefore
also requires detailed knowledge of the genome of the investigated species (Fernandez
et al., 2005). This can be a limitation of the SNP method because the genomes of many
endangered species are mostly unknown. In contrast, the region flanking a microsatellite
marker is evolutionary conserved, which allows these markers to be amplified when
they are present in closely-related species and genomic knowledge about one of the
species is lacking. Methods based on microsatellite DNA also offer other advantages
over methods based on anonymous multilocus genomic markers (RFLP, AFLP, ISSR)
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and on SNPs: the microsatellite technique is easily transferable between laboratories; it
requires only limited equipment and computational facilities; it provides a high
polymorphism information content (PIC) per locus; and it is highly cost efficient when
only a small number of loci are needed (Bezault et al., 2012). For these reasons,
microsatellites markers are likely to remain the optimal choice for a wide range of
ecological and evolutionary studies (e.g., relatedness and parentage analysis, population
diversity and demography assessment, noninvasive genetic analysis, and conservation)
(Bezault et al., 2012).

Methodological Considerations

To properly assess genetic differences on the basis microsatellite DNA
polymorphism, samples must be taken from an appropriate number of individuals
(Ruzante, 1998; O'Connell and Wright, 1997). These samples need to be properly
acquired and preserved. PCR primers and the PCR reaction must be properly designed,
and the lengths of DNA fragments need to be measured.

Typically, the sample size for inferring the amount of genetic variation in the
population is a few dozen individuals (Hart et al., 2014). The number of individuals in a
sample is usually difficult to determine because it depends on the number of genetic
markers used and their polymorphism (O'Connell and Wright, 1997). As the number of
individuals and the number of microsatellite markers that are examined increase, the
precision of the estimates of genetic differences within and between populations also
increases (O'Connell and Wright, 1997). However, it can be difficult to increase the
number of individuals in a study due to limited availability and increased costs. As a
guideline, if at least 5 markers are used and their polymorphism varies between 5 to 10
alleles, a sample size of about 50 individuals should be used (O'Connell and Wright,
1997). In studies based on 10 polymorphic microsatellite markers, increasing the
number of individuals from 50 to 100 had no significant effect in the level of genetic
diversity estimated in the population (Ruzzante, 1998).

Samples for analysis of microsatellite DNA polymorphism can be collected from live
individuals (Powell et al., 1996). This enables studies on commercially valuable
individuals and endangered species, such as marine vertebrates (Thorpe et al., 2000) and
many fish species (Kumar et al., 2007; Naik et al., 2018). If the results are used for
optimizing the assemblage of individuals into breeding pairs, the individuals should be
marked before sample collection, which can be done with microchip tags (Kaczmarczyk
and Fopp-Bayat, 2012).

After sample collection, the tissue should be preserved until DNA extraction.
Unfortunately, using 70% ethanol and then storing the tissue at 4°C does not always
successfully preserve the DNA. A much more reliable method is drying samples in a
laboratory drier, placing them in paper envelopes and storing them at about 20°C until
DNA is isolated (Kaczor, 2013).

DNA can be extracted with a phenol/chloroform extraction protocol (Sambrook et
al., 1989) or DNA extraction Kits, which are designed for extracting DNA from tissues
like blood, muscles, etc. (Zuchowska, 2011; Kaczor, 2013; Ocampo et al., 2018),
allowing various tissues to be used as a source of DNA.

To amplify microsatellite fragments with the PCR technique, primers that are
complementary to the regions of DNA that flank the microsatellite are needed. The
primers’ sequences can be obtained from published reports on the genetic variation of a
species, and from the National Center for Biotechnology Information database at
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www.ncbi.nlm.nih.gov. When studying a species with a little known genome, like the
lake minnow, DNA sequencing is useful for identifying microsatellite loci (Furukawa et
al., 2004; Grover and Sharma, 2016). Furthermore, because the sequences surrounding
microsatellite DNA are often conserved, it is often possible to use a set of primers that
have been developed for another species that is not too phylogenetically distant. For
example, primer sets that were designed for use with the zebra fish (Danio rerio) or
with other species of cyprinid fish such as Campostoma anomallum can be used in
studies of the lake minnow (Eupalasella percnurus) (Kaczmarczyk and Zuchowska,
2011; Kaczmarczyk, 2013; Gadomski, 2013).

Microsatellites can be amplified separately, via singleplex PCR, or together in a
single multiplex PCR reaction (Edwards and Gibs, 1994; Migliaro et al., 2013), which
allows up to 21 genetic markers to be amplified in a single PCR reaction (Shewale et
al., 2013). Multiplex PCR not only accelerates research and reduces the costs of
analyses (Guichoux et al., 2011; Migliaro et al., 2013; Liu et al., 2017), but also
combines well with the use of an automatic capillary DNA sequencer for detection of
microsatellite DNA polymorphism. To assemble a group of genetic markers into a
multiplex set, the primers need to be labelled with phosphoramide dyes at the 5' end so
that the product of amplification of one locus can be distinguished from the product of
another. Either the forward or the reverse primer should be marked in each set. If the
PCR products of two or more microsatellites have a similar size range, each primer pair
should be marked with a different type of phosphoramid dye (Liu et al., 2017).

Automated capillary electrophoresis is the primary method of detection of
microsatellite DNA polymorphism. It can detect single nucleotide differences in DNA
lengths (Butler et al., 2001), and it allows greater accuracy, speed, and reproducibility
than previous methods of detecting polymorphism of microsatellite loci. Automatic
capillary electrophoresis is carried out in a polyacrylamide gel that is optimized for use
in a specific type of automatic DNA sequencer and for a specific method of measuring
DNA fragment length (Mansor et al., 2015). It is combined with software that detects
differences in the length of DNA fragments, stores the results, and can perform further
analyses, such as genotyping (Dennis et al., 2010).

To meet the objectives of conservation biology, the genotyping results from the
investigation of microsatellite DNA polymorphism can be subjected to mathematical
and statistical analyses using various software packages. These packages can be divided
into four groups. The first group comprises software that calculates indicators of genetic
variation within populations and the genetic distance between populations, and
compares those indicators across populations to track phylogenetic relationships. This
group includes software such as ARLEQUIN (Excoffier et al., 2005; Excoffier and
Lischer, 2010), MSA (Dieringer and Schlétterer, 2003), STRUCTURE (Pritchard et al.,
2000; Falush et al., 2003, 2007; Hubisz et al., 2009), GENEPOP (Rousset, 2007) and
others. There is some overlap between the first group and the second, which comprises
programs that can estimate the likelihood of events that affect genetic variation, such as
migrations, and bottleneck and founder effects; these programs include ARLEQUIN
(Excoffier et al., 2005; Excoffier and Lischer, 2010), BOTTLENECK (Piry et al.,
1999), STRUCTURE (Pritchard et al., 2000; Falush et al., 2003, 2007; Hubisz et al.,
2009). The third group comprises software for optimal assemblage of individuals into
breeding pairs, based on their genetic profiles and indicators of the genetic variation
expected in their progeny, such as GENEASSEMBLAGE 1.0 (Kaczmarczyk, 2015).
The fourth group comprises programs that combine the use databases and genetic
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profiling to determine the origin of individuals or commercial products, for example
SPAGeDi software (Hardy and Vekemans, 2002) and COLONY (Jones and Wang,
2009).

Microsatellite DNA polymorphism for conservation of endangered populations

The uses of the analysis of DNA microsatellite polymorphism can be divided into
two categories. First, genetic variation can be assessed at the intra- and interpopulation
levels. This assists in identifying processes affecting genetic variation and assessing
methods for maintaining and managing genetic resources, including the genetic
variability of populations created in conservation programs and the restitution of extinct
populations (Kim, et al., 2004; Hart et al., 2014). Second, the genetic profiles of
individuals can serve a variety of other ends. For example, the survival of individuals
obtained under controlled conditions can be compared to that of individuals produced
via natural reproduction (ICES WGBAST, 2017). Individual genetic profiles can also be
used to manage cryopreserved gamete banks, to optimize assemblage of individuals for
breeding (Abdul-Muneer, 2014), and to identify interspecies hybrids (Cruz et al., 2014).

Detection and monitoring of changes in intrapopulation genetic variability

Breeding individuals from local populations under controlled conditions can increase
the likelihood of breeding closely related individuals, and thus reducing the genetic
variability of the population. When a small number of individuals whose relationship is
unknown are used for breeding, the risk of inbreeding increases (Bentsen and Olesen,
2002). Inbreeding usually increases homozygosity (Yi et al., 2015), which may decrease
allelic diversity, which may affect the adaptive ability of the population (Charlesworth
and Charlesworth, 1987; Saccheri et al., 1996; Crnokrak and Roff, 1999; Hedrick and
Kalinowski, 2000; Chapman et al., 2009; Nielsen et al., 2012) and may lead to
expression of genetic defects encoded by recessive alleles (Charlesworth and Willis,
2009; Gao et al., 2015).

The harmful effect of inbreeding on viability and population fitness is more evident
in populations than in commercial stocks (Crnokrak and Roff, 1999; Whitlock, 2004;
Harrison et al., 2011) and may cause programs for conservation of endangered species
to fail (FAO/UNEP, 1981; Olech, 2003; Hallerman, 2003). Estimating genetic
variability based on microsatellite DNA polymorphism is thus a useful tool that can be
used to determine the level of genetic diversity in a protected population. It can be used
for comparisons with stable populations that do not show inbreeding depression
(Kaczmarczyk and Zuchowska, 2011; Gadomski, 2013), and for detection of differences
between populations that are important for their survival in their respective
environments (Gadomski, 2013; Abdul-Muneer, 2014).

Based on the length of DNA fragments and genotyping results, indicators of genetic
variation can be calculated. These indicators are the observed (Ho,) and expected
heterozygosity (He), genotypic and phenotypic diversity, the percentage of polymorphic
loci (P), the average number of alleles in a locus (A) and allelic richness (R) (Min et al.,
2015; Long et al., 2017). For assessing genetic variation and tracking its changes, the
most important of these indicators are heterozygosity and allelic diversity (Hoban et al.,
2014). Low values of (Ho), (He) and (A) indicate low genetic variation in the population
(Szczecinska et al., 2016), and a statistically significant difference between (Ho) and
(He) indicates a departure from Hardy-Weinberg equilibrium. This departure can reflect
a disturbance in the genetic balance of the population, possibly connected with changes
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in population size or with non-random assemblage of individuals in reproductive pairs
(Hansen et al., 2008). By comparing these indicators of genetic variation with historical
data and data from other populations, the genetic diversity in a population can be
assessed, and actions can be taken to counter diversity loss, if necessary (Kim et al.,
2004). These indicators can be calculated with software packages such those mentioned
above.

Detection of the consequences of reduction of genetic variability resulting from
founder and bottleneck effects

A founder effect occurs when only a few individuals start a new population, causing
the genetic variation of the new population to be only a fraction of that of the parent
population (Whitlock and McCauley, 1990; Kusza et al., 2013; Rochet and Lise, 2016).
A bottleneck effect might be caused by environmental changes or human activity, such
as overfishing (Rochet and Lise, 2016). This temporary reduction in population size
reduces the genetic variation in the population. A bottleneck effect may also result from
reproduction under controlled conditions. Populations whose existence depends on
reproduction in controlled conditions where a small number of parental individuals are
used are especially vulnerable to genetic bottlenecks (Price and Hadfield, 2014).

The polymorphism of microsatellite DNA can be used to estimate the probability that
a founder or bottleneck effect occurred, and the size of those effects (Knapen et al.,
2003). To this end, microsatellite DNA fragments are used to track changes in the
number of alleles, allelic frequencies and heterozygosity. Based on this data, the Garza-
Williamson (G-W index) can be calculated. This index provides information about the
size of the founder or genetic bottleneck effect that probably occurred in the history of
the population. It is calculated on the basis of two numbers. The first is the number of
alleles of a given microsatellite, and the second is the allelic range. This range is the
difference in length between the longest and the shortest fragments that contain that
microsatellite. The G-W index is based on the observation that, when population size
decreases, the number of alleles at a microssatelite locus is more likely to be reduced
than the allelic range. Thus, the index is calculated for polymorphic loci by dividing the
number of alleles of a given microsatellite in a population by its allelic range plus one.
In a population that did not experience a genetic bottleneck, the G-W index ranges from
0.8 to 1. Values below 0.8 indicate the possibility of reduction of genetic variability,
while those below 0.6 indicate a significant reduction in genetic variability due to a
genetic bottleneck effect (Garza and Williamson, 2001).

As an alternative, the expected heterozygosity (He) and the heterozygosity resulting
from genetic drift and mutation (Heq) can be compared, and the distribution of allelic
frequency at microsatellite loci can be determined (Cristescu et al., 2010). In this
procedure, one of three models can be used: the infinite alleles model (IAM), the
stepwise mutation model (SMM), or a combination of these two hypotheses, the two
phase model (TPM) (Di Rienzo et al., 1994). The two phase model is based on the
observation that heterozygosity and allelic frequency reflect changes in population size
(Rosa de Oliveira et al., 2009). If He is significantly higher than Heq (typically at p <
0.05) and the distribution of alleles has changed from an L-shape to shifted, then the
population is likely to have been affected by a bottleneck or founder effect in the recent
past (Hart et al., 2014). These calculations can be performed with BOTTLENECK
software (Piry et al., 1999; Cristescu et al., 2010).
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Assemblage of breeding pairs based on their genetic profiles

Using individuals for captive breeding without knowing their genetic characteristics
can lead to a progressive decline in genetic variation, because the probability of
breeding individuals that are genetically similar to each other is higher than that of
breeding those that differ substantially (Kaczmarczyk, 2016; Aguiar et al., 2018). The
resulting offspring will have lower heterozygosity and allelic diversity than their
parents, and this process is likely to progress with each successive generation (Bentsen
and Olsen, 2002; Fraser, 2008). For this reason, techniques for genetic management of
broodstock should be applied (Blackie et al., 2011) genetic profiles should be prepared
before individuals are selected for breeding and assembled into pairs. These profiles
should include information such as the individual’s sex, the population it came from,
and a list of the alleles of microsatellite DNA that were detected across the investigated
microsatellite loci (Kaczmarczyk, 2015). These profiles can be used to produce progeny
that are as genetically diverse as possible because only the individuals that genetically
differ the most will be selected and assembled into breeding pairs. To find the best pairs
out of many possible combinations, software like Geneassemblage 1.0 (Kaczmarczyk,
2015) can be used, which is appropriate not only for diploid organisms but also for
tetraploid or partially tetraploid organisms because it calculates the expected percentage
of offspring with three alleles that are the same and a fourth that differs, i.e. "weak
heterozygotes" (Fopp-Bayat et al., 2015).

Evaluation of genetic differences between populations

Allelic frequency can change in response to environmental conditions. These
changes cause and maintain genetic differences between populations (Higgs and
Derrida, 1992) that can be essential for their survival (Barraclough and Nee, 2001).
Thus, preservation of genetic diversity is important for the success of conservation
programs: for example, the maintenance of the unique genetic characteristics of cheetah,
lion, panther and humpback whale populations is closely related to the success of
conservation programs (O'Brien, 1994; Hedrick and Fredrickson, 2010).

Genetic distance is a measure of the difference in genetic characteristics between
populations and species. Interpopulation genetic differences are manifested by the
occurrence of private alleles and differences in allele frequencies (Avise, 2004). Private
alleles are variants of microsatellite DNA fragments specific to a given species,
population or group of populations. Identification of the private alleles in an individual's
genotype enables determination of the population it came from and whether it is an
interspecies hybrid (Van Dongen et al., 2012). In contrast to private alleles, common
alleles are detected in all studied populations (Slatkin, 1981). As the phylogenetic
distance between populations increases, the number of private alleles increases, the
number of common alleles decreases, and the frequencies of alleles in the respective
populations differ to a greater extent (Rosenberg, 2011).

To estimate genetic distance, gene flow between populations and interrelations
between species, methods based on microsatellite polymorphism can be used
(McManus et al., 2015). Although a description of all of these methods is beyond the
scope of this paper, more than one method should be used, and their results should be
compared (Balloux and Lugon-Moulin, 2002; Haris et al., 2013). Two methods are
given below as examples.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):1599-1615.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1702_15991615
© 2019, ALOKI Kft., Budapest, Hungary



Kaczmarczyk: Microsatellite DNA in conservation of endangered populations
- 1606 -

One of the most commonly used methods is based on the fixation index (Fst). To
determine the statistical significance of Fst, a permutation test is done, and the P-value
indicates the proportion of the permutations that give an Fst greater than or equal to the
observed Fst (Reynolds et al., 1983; Slatkin, 1995). Fst is proportional to the genetic
differences between populations. Its value ranges from 0 to 1, where O indicates no
genetic distance, and 1, the largest possible difference between populations. Typically, a
value of 0.05 or less indicates a very small genetic difference; 0.05-0.1 a moderate; 0.1-
0.25, a large; and above 0.25, a very large genetic distance (Balloux and Lugon-Moulin,
2002).

As an alternative to Fsr, the difference in mean size of alleles (5u?) can be calculated,
which compares the mean allele sizes of microsatellite segments in terms of repeat
number (Goldstein et al., 1995). The method is largely unaffected by differences in
sample sizes, although it shows bias with small sample sizes (Ruzzante, 1998). Unlike
Fst, there is no upper limit to the value indicating genetic distance that is calculated by
this method. A value of Sp? above 10 indicates a very large genetic distance between
populations (Goldstein et al., 1995; Harris et al., 2013). du? can be estimated using
MSA 4.05 (Dieringer and Schlétterer, 2003).

The genetic distance between pairs of populations and the intrapopulation genetic
diversity can be represented graphically (Waser and Strobeck, 1998). The graph is
based on a genetic assignment test, which determines the probability of occurrence an
individual with a specific genotype in its native population versus the probability of its
occurrence in another population (Larson et al., 2014; Kaczmarczyk and Wolnicki
2016). Those calculations are performed by Arlequin software (Excoffier et al 2005;
Excoffier and Lischer, 2010), and can be imported into an Excel spreadsheet (Microsoft,
USA) and scaled as co-ordinates in an X—Y coordinate system. If a point representing
an individual lies on the diagonal between the X and Y axes, the probability of its
occurrence in its native population is the same as the probability of its occurrence in the
alternative population. Points that are closer to one axis than to another have a greater
probability of occurring in the population that corresponds to the nearer axis than in the
other population, and the further the points are from the diagonal, the greater the
probability of that individual occurring in the population that corresponds to the nearer
axis. The spread of points within a cloud of points representing a group of individuals
shows the degree of intrapopulational differences, and the distance between the points
indicates the genetic differences between the individuals in that population
(Kaczmarczyk and Wolnicki, 2016).

Optimization and management of genetic variation resources deposited in banks of
cryopreserved gametes

Cryopreservation of gametes is a method for protecting the genetic resources of a
population (FAO, 2012), and is used to safeguard the level of genetic variability (Yang
and Tiersch, 2009) in the event of a catastrophe resulting in the extinction of the
population. It is used for both endangered species and economically valuable breeds and
breeding lines (Zhang, 2004; Cabrita et al., 2010).

The potential usefulness of cryopreserved gametes in protecting the genetic
variability of a population depends on the genetic diversity of the individuals from
which the gametes were collected (FAO, 2012). If gametes from a group of individuals
are cryopreserved without taking into account the genetic differences between them,
only a small part of the genetic variation in that population may be preserved. This
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could lead to a strong founder effect, resulting in a restored population with too little
genetic variation to ensure its survival. Increasing the size of the group from which
gametes are collected is not an ideal solution because it not only increases the cost of
creating a gamete bank, but also does not always safeguard the genetic diversity of the
population. This is particularly a concern for species such as the lake minnow, whose
populations are characterized by low levels of genetic diversity (Kaczmarczyk and
Zuchowska, 2011; Kaczmarczyk and Wolnicki, 2016).

To address the potential problem of a lack of genetic diversity in preserved gametes,
genetic profiles of gamete donors can be developed using microsatellite DNA
polymorphism to indicate which individuals differ the most and are especially valuable
for conservation of genetic diversity in that population. This technique can be used with
genomes that are relatively little investigated, and it enables maximum conservation of
genetic diversity with the minimum number of samples. The resulting information can
be used to assemble breeding pairs (Danchin-Burge et al., 2009) and maintain the
genetic diversity of the population (Fernandez et al., 2005).

The polymorphism of microsatellite DNA as a tool for evaluation of the effectiveness
programs for conservation and restoration of species

Maintaining the level of genetic diversity of protected populations is one of the
criteria for assessing the effectiveness of conservation programs (Stem et al., 2005), and
investigations of the polymorphism of the microsatellite DNA can be used for this
purpose. The results of investigations of microsatellite DNA that are obtained from
samples taken from the current population can be compared with those from archival
material (Abdul-Muneer, 2014), which can be formalin or paraffin-treated tissues (Shi
et al., 2004; Wu, 2005) and scales (Kumar et al., 2007), or bones (Piglionica et al.,
2012). Alternatively, the genetic diversity of a conserved population can be compared
with that of stable populations in which there is no decrease in viability (Gadomski,
2013). It is possible to check whether the genetic variability of the newly created
population of conserved species is close to that of a population that has existed for many
years (Kashiri et al., 2018). It is also possible to estimate the size the founder effect
involved in the creation of a new population (Gadomski, 2013).

In human-dependent species, the survival rate of individuals obtained in controlled
conditions and released into the environment also indicates the effectiveness of
conservation programs. In this context, microsatellite markers are used to determine
whether an individual was produced by natural reproduction or human-controlled
reproduction (Martinez and Fernandez, 2008). A database with the genetic profiles of
individuals used in reproduction and the use of SPAGeDi (Hardy and Vekemans, 2002)
or COLONY software (Jones and Wang, 2009) enable estimation of the probability that
an individual was produced by artificial or natural reproduction. Estimating the relative
amounts of individuals produced by natural reproduction and those produced in
controlled conditions indicates the relative effectiveness of natural breeding and
conservation or restoration programs. This technique has been used for example in
evaluation of the effect of the release of brown trout (Salmo trutta L.) obtained under
hatchery conditions on the genetic characteristics of the Danish population of this
species (Hansen et al., 2000) and in monitoring the effectiveness of programs for the
conservation of sea trout (Salmo trutta morpha trutta) and salmon (Salmo salar) (Bartel,
2000; Was and Wenne, 2002; Nilsson et al., 2008; Jones et al., 2010; ICES WGBAST,
2017).
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One approach that is used in conservation programs is limited translocation, in which
endangered populations are relocated to safer habitats. This method is currently used in
the conservation of many species including the lake minnow (Kusznierz et al., 2006;
Kaczmarczyk and Wolnicki, 2016). Because the effectiveness of this strategy depends
on the degree of genetic diversity achieved by the population in the target location, the
factors that decrease genetic variability, such as the founder effect, should be limited
(Fraser, 2008). When the genetic characteristics of the source population and the genetic
profiles of individuals are known, it is possible to minimize the size of the founder
effect by choosing the optimal size and composition of the group that will be transferred
(Gadomski, 2013). Furthermore, the information obtained about the source population
will allow comparison of the genetic diversity of the source population with that of the
newly established population, and estimation of the influence of the founder effect on
the new population, which in turn allows assessment of the effectiveness of this method
of species conservation.

To counteract changes in the environment due to human activities, species
restoration can be employed. The main objective of these programs is to ensure that the
genetic characteristics and functionality of the restored population are as close as
possible to those of the original (extinct) population. To this end, individuals are
selected from the available populations whose genetic characteristics are as similar as
possible to those of the extinct population (Falk et al., 2001). The accuracy of this
selection depends on the use of techniques such as the evaluation of genetic differences
based on the polymorphism of the microsatellite DNA (Cibrian-Jaramillo et al., 2013).
This technique was used, for example, in the program for restitution of Baltic salmon in
Pomeranian rivers, in which evaluation of microsatellite polymorphism showed that the
most similar existing population, and thus the most appropriate for use as stocking
material, was the population spawning in the Daugava river (Bartel, 2001).

Future directions

Future developments in the application of microsatellites should include studies of
the correlation between levels of genetic variation determined on basis of microsatellite
DNA polymorphism and population fitnes. If we find that decreased genetic variation,
as determined by this technique, correlates with reduced population fitness, then we will
be able to use microsatellite DNA polymorphism to indicate which conservation
projects should be given priority. This task will require genetic analysis of many
individuals and populations, so the developement of multiplex PCR techniques for all
relevant species is yet another task that should be undertaken. Finally, the future of
investigations of microssatelite loci in conservation biology should involve
combinations of the results of studies on intra- and interpopulation variation and genetic
profiling with bioinformatic tools designed to manage genetic variation on both local
and worldwide scales. Tools such as databases of genetic profiles of individuals and
donors of gametes deposited in cryoconservation banks, combined with software
designed to evaluate genetic similarity between individuals will be the future of
conservation/restoration programs based on progeny produced in controlled conditions.

Summary

This paper has reviewed a molecular method based on analysis of the polymorphism
of microsatellite DNA for use in the conservation and restoration of endangered
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populations. This method is particularly useful when the conservation or restoration
work involves supporting populations with individuals obtained in controlled breeding
programs. Analysis of microsatellite DNA polymorphism can be used to estimate and
monitor genetic variability, and to select individuals for breeding or transfer that will
maintain a safe level of genetic variation in a population. Furthermore, this method can
also be used to optimize the selection of gametes for cryopreservation. The analysis of
microsatellite DNA polymorphism can help not only to ensure the lasting success of
conservation and restoration projects, but also to reduce costs by indicating how many
individuals should be included in a project.
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