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ABSTRACT 
Microsatellite or short tandem repeats (STRs) represent codominant molecular genetic 
markers and are scattered ubiquitously distributed within genomes of all prokaryotic and 
eukaryotic organisms. Being highly polymorphic and relatively small, these markers are 
extensively used in an array of fundamental and applied fields of life and medical sciences. 
Rapid exploitation of microsatellite loci has provided biologists with a set of molecular tools 
with unsurpassed versatility. In the field of aquaculture, microsatellites are proven tools for 
the characterization of genetic stocks, broodstock selection, constructing dense linkage 
maps, mapping economically important quantitative traits, identifying genes responsible for 
these traits and application to marker-assisted breeding programmes. In this review, 
functional and practical applications of microsatellites are considered, with special emphasis 
on fish genetics and aquaculture.  
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INTRODUCTION 

Recent years have witnessed increasingly 
rapid development of molecular 
phylogenetics and systematics. This is 
caused by the development of new varied 
methods of analysis of molecular DNA 
markers. These methods allow researchers 
to evaluate genetic relationships among 
taxa at a new, more advanced level and 
obtain new facts pertaining to their 
phylogeny and biodiversity. 

The microsatellites: simple sequences 
with complex evolution are among most 
variable types of DNA sequence in the 
genome19. Microsatellites or simple 
sequence repeats (SSRs) are short tandem 
(satellite) DNA repeats, and are found in 
greater or less abundance in the genomes  

 

of just about every known organism and 
organelle; deserve special consideration 
because high variability makes them a 
tool of population genetics.  

Microsatellites are organized in 
continuous clusters with the “head-to-tail” 
orientation of monomer units. The length 
of monomers in a cluster ranges from 
several to several thousand base pairs.  
These short tandem repeats (STRs) 
demonstrate high levels of allele 
polymorphism. These properties have led 
to their extensive use in population 
genetic structure analyses, gene mapping, 
and paternity identification84,47. The 
microsatellites are codominant markers of 
relatively small size, which can be easily 
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amplified with the polymerase chain 
reaction. These features provide the 
foundation for their successful application 
in a wide range of fundamental and 
applied fields of biology and medicine, 
including forensics, molecular 
epidemiology, parasitology, population 
and conservation genetics, genetic 
mapping and genetic dissection of 
complex traits.  

In the field of fisheries and aquaculture, 
microsatellites are useful for the 
characterization of genetic stocks, 
broodstock selection, constructing dense 
linkage maps, mapping economically 
important quantitative traits and 
identifying genes responsible for these 
traits and application in marker assisted 
breeding programmes120.  

Even though microsatellites are 
considered selectively neutral markers, 
they contribute to DNA structure, 
chromatin organization, regulation of 
DNA recombination, transcription and 
translation, gene expression and cell cycle 
dynamics. To date, microsatellites are far 
from being completely identified and 
characterized, providing intriguing 
perspectives for discovery of new 
properties and characteristics of 
microsatellites, which will help the design 
of new research fields and the practical 
use of these markers. 

There is an increasing interest for genetic 
improvement to maximize efficiency of 
aquaculture production. In order to 
establish a selection program and 
minimize the effects of inbreeding, fish 
progeny needs to be traced back to their 
family groups. In the last decade, several 
studies have demonstrated the ability to 
establish parentage in fish reared 
communally using highly polymorphic 

markers, particularly microsatellites. 
These studies established that 
microsatellites are useful markers for the 
construction of genetic maps and have 
wide applications in fish biology and 
genetics in aquaculture.24,34,33,45,40,81,9. 
Recently, the application of microsatellite 
has extended to more areas of studies, 
from population genetics, molecular 
ecology, and molecular breeding to the 
management of fishery resources. 

Applications of Microsatellites in 
Fisheries 

Molecular markers provide direct 
assessment of pattern and distribution of 
genetic variation28 and thus help in 
answering, “whether the population is a 
single unit or composed of subunits”. 
Several evolutionary forces affect the 
amount and distribution of genetic 
variation among populations and thereby 
population differentiation27. Geographic 
distance and physical barriers enhance 
reproductive isolation by limiting the 
migration and increased genetic 
differentiation between populations. 
Impact of migration and gene flow on 
genetic differentiation also depends upon 
effective size of receiving population and 
number of migrants received. Increased 
computational power and mathematical 
models have enhanced the scope of 
conclusions that can be drawn out of 
genotype data generated through 
molecular markers. Some of the 
possibilities are assignment of migrants79, 
determination of genetic bottlenecks65, 
besides genetic variation and 
differentiation estimations115,73,85. These 
have been extensively employed across 
various taxonomic groups (mosquito:30 
turtle:101 amphibians:49 vertebrates:72.  
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In fisheries biology, these distinctive 
markers are extensively used to evaluate 
the effective population size of stocks87, 
stock identification102, levels of 
inbreeding108, population structure and 
gene flow18, parentage54, and quantitative 
traits46. 

Genetic diversity 

Genetic diversity or variation and its 
measurement have vital importance in 
interpretation, understanding and 
management of populations and 
individuals. The genetic variation in and 
between populations is the outcome of 
several factors, such as mutation rate, 
breeding size of the population, breeding 
strategy, migration and, above all, 
selection12. The most common measures 
of genetic diversity are heterozygosity, 
allelic diversity, and proportion of 
polymeric loci60,74. Habitats with greater 
biodiversity are more resilient and recover 
from various disturbances3.  The 
conservation of genetic variation is an 
essential component of many species 
management programmes.  Ultimately, it 
is genetic variation that allows species to 
adapt to changing environmental 
conditions and respond to 
selection=breeding programmes. To 
manage any biological resource 
effectively, researchers must identify the 
level of genetic variation within and 
among populations. Measuring genetic 
diversity in wild fish populations or 
aquaculture stocks is essential for 
interpretation, understanding and effective 
management of these populations or 
stocks.  

The conservation of various fish species 
has traditionally been done through 
restocking and genetic variability is 
pivotal to maintaining the capability of 

restocked fish to adapt to a changing 
environment2. One approach that have 
been successfully used in uncovering 
cryptic population structure in freshwater 
is microsatellite markers.  

Microsatellites, being highly variable 
genetic markers, are sensitive and 
promising in studying genetic variation, 
especially among closely related 
populations or populations sampled over a 
reduced geographical scale26,119. These 
markers have been chosen to study 
population diversity in most major taxa of 
organisms and successfully used in 
revealing population genetic diversity98, 99 
for the reason that they are co-dominant 
and highly polymorphic. 

Microsatellite have been isolated and 
characterized in a large number of fish 
species and have been used in a wide 
range of applications, as in evolutionary 
biology, population genetics and 
ecology23. By characterizing the 
geographical distribution of allele 
frequencies, population sub-structuring 
can be detected and local populations 
identified. The levels of genetic diversity 
between fish populations revealed with 
microsatellite markers are much higher 
than those obtained with phenotypic or 
allozyme markers68,103,110,14 for the reason 
that microsatellites exhibit higher levels 
of polymorphism and abundance in 
genomic DNA than allozyme markers93. 

In recent years, more and more 
microsatellite-related reports have been 
issued in fish, such as Northern pike Esox 
lucius100, Indian major carp, Catla catla67, 
common carp, Cyprinus carpio121, 
Atlantic sturgeon, Acipenser oxyrinchus 
oxyrinchus42, Silurus glanis110 cichlid fish, 
Oreochromis niloticus7, Portuguese 
Guadiana91, M. nemurus112, hucho trout, 
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Hucho taimen62, sea bass, Dicentrarchus 
labrax10, Arctic charr, Salvelinus 
alpinus66, and so on.  

Microsatellite markers also find 
application in aquaculture to assess loss of 
genetic variation in hatcheries, 
comparison of variation estimates 
between hatchery stocks and wild 
counterparts. The information is found 
useful to monitor farmed stocks against 
inbreeding loss and to plan genetic 
upgradation programmes. A major aspect 
of such studies addressed is concerned 
with the assessment of escapes into the 
natural population and introgression of 
wild genome. For instance, genetic 
diversity of Atlantic salmon from Ireland 
and Norway were analyzed using 15 
microsatellite markers77. To summarize 
the genetic diversity through 
microsatellite analyses, there is a trend 
toward increased genetic variation in the 
progression from freshwater to 
anadromous to marine fish. 

Population and Conservation Genetics 

The molecular structure and genetic 
variability of microsatellites is 
comprehensively exploited in 
evolutionary studies of a wide variety of 
fish species.  Microsatellite loci are 
always a prime choice for the appraisal of 
the dynamics of populations, including 
demographic bottlenecks106,37, population 
size fluctuations and effective population 
sizes. Common measures of genetic 
diversity are heterozygosity, allelic 
diversity, and the proportion of 
polymorphic loci83. Marked decreases in 
the observed heterozygosity and reduced 
number of observed alleles of tested 
microsatellites11 and severe, temporary 
reduction in size might be accredited to 

the action of population genetic 
bottlenecks. 

Because bottlenecks may influence the 
distribution of genetic variation within 
and among populations, the genetic 
effects of reductions in population size 
have been studied extensively by 
evolutionary biologist119. Loss of genetic 
diversity may reduce the potential of 
small populations to respond to selective 
pressures1, and increased inbreeding may 
reduce population viability75,116. Changes 
in heterozygosity are often measured to 
detect bottlenecks60. Microsatellite DNA 
markers have been used to assess 
bottlenecks in many fish species106, 21, 53.  

The genetic mapping 

Genetic mapping epitomize one of the 
major research fields in which 
microsatellite markers have been applied. 
Microsatellites remain the markers of 
choice for the assembly of linkage maps, 
because they are highly polymorphic and 
informative, and entail a small amount of 
DNA for each test. The enrichment of 
linkage maps assembled by microsatellites 
greatly benefits the mapping and 
characterization of genes responsible for 
medically, agriculturally and 
evolutionarily important complex traits. 
This also provides a good opportunity for 
marker-assisted selection (MAS) in 
commercially significant species80,114. 

A review of literature reveals that 
microsatellites have been isolated and 
used for genetic mapping in various 
economically important fishes such as 
Atlantic salmon56, channel catfish64,114, 50, 
Nile tilapia13, rainbow trout90 and 
zebrafish51. 

Individual and parentage identification 
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Microsatellites represent codominant 
single-locus DNA markers. For each 
simple sequence repeat of microsatellite, a 
progeny inherits one allele from the male 
parent and another allele from the female 
parent. This simple inheritance pattern can 
explain the extreme popularity of 
polymorphic simple sequence repeat loci 
in paternity testing. In forensic science, 
microsatellites are widely used for 
individual DNA identification because of 
their relatively stability in degraded DNA 
due to their small size94.  

Microsatellites are significantly exploited 
for paternity and relatedness analysis of 
natural populations, hatchery broodstocks 
and trade control of fish products, 
including those from aquaculture63. These 
DNA markers have also been report to 
resolve paternity and reproductive 
contribution in wild and farmed 
populations of various economically 
significant species such as bluegill sunfish 
Lepomis macrochirus72, red sea bream 
Pagrus major17, turbot Scophthalmus 
maximus8, chinook salmon Oncorhynchus 
tshawytscha and rainbow trout4, Atlantic 
salmon55. 

In addition, microsatellite loci show a 
high degree of allelic variability, and thus 
exclusivity. Moreover, they remain 
relatively stable in bone remnants and 
dental tissue, providing the basis for the 
successful application of ancient DNA for 
molecular analysis6. Furthermore, 
microsatellites obtained from historical 
fish scale collections has helped to 
explicate demographic declines in 
abundance, which resulted in the complete 
collapse of populations of lake trout in the 
upper Laurentian Great Lakes of North 
America during the past 40 years37. Other 
cases where DNA from old fish scales 
was used to characterize historic 

populations involve northern pike Esox 
lucius68, 59 and brown trout Salmo trutta38. 
Also the membrane lining of fish otoliths 
contains DNA, which can be used to 
genotype historic populations [Atlantic 
cod Gadus morhua:44, New Zealand 
snapper Pagrus auratus:39]. 

Propagation assisted rehabilitation 
programmes 

Habitat alterations and overharvesting 
have contributed to the decline or 
disappearance of numerous natural 
populations. In addition, reinforcement 
programs of wild populations based on 
releases of hatchery-reared fish of non-
native origin compromise the 
conservation of remnant native trout 
resources. Effect of these programmes 
through releases in natural populations 
has been studied in many fishes through 
molecular markers. Brown trout 
population structure in an alpine lake with 
three major recruitment streams was 
assessed by analysis for eight DNA 
microsatellite markers and compared with 
the non-native population.41. 
Microsatellites have increased application 
in genome mapping16, paternity testing71, 
and forensics48. These markers have 
increasingly been used in population 
studies of both contemporary97, 107, 104 and 
historical samples20. 

Identification of microsatellite loci 
through cross-species amplification  

Microsatellite markers are developed 
through microsatellite enriched partial 
genomic library construction. The 
procedures involve high skill, cost and 
time. In view of large number of animal 
species that require genetic diversity 
analysis, cross priming between related 
species can be a useful strategy to save 



                                                                  Singh et al                                    Review Article                        

IJBR 2[2][2011]123‐137                                                                        www.ijbr.ssjournals.com 
 
 

cost and time. The sequences flanking the 
microsatellites are conserved among 
related species and provide great potential 
for using primers developed in one 
species to characterize loci in other 
species as122. However, to large extent, 
flanking sequences have been found 
conserved within the families but 
conservation among distantly related 
species is also reported in some 
vertebrates.  

Knowledge of microsatellite loci that are 
conserved between families and orders 
will be of evolutionary significance and 
find application in generating population 
genetics data for wide range of species. 96 
have reviewed cross-species amplification 
of microsatellite markers in various 
taxonomic groups. 

Among fishes, cross priming has been 
demonstrated in various groups and used 
as tool to identify polymorphic 
microsatellite marker. A survey of 
literature reveals that cross species 
amplification has been reported within 
various families e.g., Percidae117,61, 
Blennioidei36, Pangasidae76, Cottidae22, 
Sebastidae111. Cross species amplification 
has also been reported within and between 
subfamilies77,105.123 demonstrated the 
possibility of using primers 
interspecifically among cyprinids. Primers 
of microsatellite loci from Catla catla 
were used to cross amplification of 
particular microsatellites locus in Labeo 
rohita69. Microsatellite primers designed 
for common carp Cyprinus carpio were 
successfully amplified in silver carp 
Hypophthalmichthys molitrix and bighead 
carp Aristichthys nobilis109.  5developed 
microsatellite primers in fathead minnow 
Pimephales promelas, which were 
screened in two congeneras, Pimephales 
notatus and Pimephales vigilax and other 

five species, Notropis stramineus, 
Cyprinelle lutrensis, Semotilus 
atromaculatus, Campostoma anomalum 
and Cyprinus carpio.  Several other 
reports demonstrate successful 
amplification of heterologous or 
homologous microsatellite loci among 
various fish species88,78,36,95,69,58,70,35,57,86,76, 

43. These data indicate that success rate 
cross species amplification is locus-
dependent, and support the finding that 
cross species amplification decreases with 
the increase of the divergence time25.  

Future perspectives 

In this review, with special prominence on 
fishes, we considered microsatellites as 
structural genomic components and as 
genetic markers, which have specific 
evolutionary mechanisms, functions and 
applications.  Microsatellites exhibit 
attributes that make  them  particularly  
suitable  as genetic markers for  numerous  
applications  in  aquaculture  and  
fisheries  research.  

The microsatellite technique opens new 
perspective for studying the structure of 
closely related populations, population 
samples over a reduced geographic scale 
and less isolated populations. It is also a 
unique tool for tracking pedigrees in 
breeding programs and marker-assisted 
selection. Microsatellite loci have a high 
efficacy for creating a genetic framework 
onto which other markers and genes are 
integrated using various mapping 
strategies. In aquaculture, microsatellites 
represent the markers of choice for 
genetic monitoring of farmed stocks in 
view of breeding programs through the 
analysis of genetic variability and 
pedigree structure to design beneficial 
crosses, select genetically improved 
stocks, minimize inbreeding and increase 
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selection response15,52. Microsatellite-
based techniques can also applied in 
genome scans in natural populations to 
search for the genetic basis of adaptive 
selection and biodiversity in an increasing 
number of species89.                         

Large-scale DNA marker-based 
approaches derived from population and 
conservation genetics will greatly assist 
the management of wild fish stocks. As 
advanced genomic resources become 
more and more available in model and 
economically important organisms. 
Availability of such data could be very 
useful for stock management, selective 
breeding programs and sustainable use of 
wild resources.  
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