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Review paper 

 
 Abstract: Molecular genetics investigates the genetic makeup of 
individuals at the DNA level. That includes the identification and mapping of 
molecular genetic markers and genetic polymorphisms. Molecular genetic markers 
(DNA markers) are one of the most powerful means for the genomic analysis and 
allow the connection of hereditary traits with genomic variation. Molecular marker 
technology has developed rapidly over the last decade and two shapes of specific 
DNA based marker, Simple Sequence Repeats (SSRs), also known as 
microsatellites, and Single Nucleotide Polymorphisms (SNPs) prevail applications 
in modern genetic analysis.Genomic simple sequence repeats (SSRs, 
microsatellites) have been used for a variety of purposes, including gene tagging, 
physical mapping, genome mapping, estimation of genetic diversity, phylogenetic 
and conservation genetic purposes in farm animal breeding. SSR analyses are 
applied successfully in parentage verification and pedigree analysis, as disease 
markers and to locate the mutation in genetic disorders in livestock animals. The 
ultimate use of SSRs markers is for mapping quantitative trait loci (QTL), marker 
assisted selection (MAS) in order to practice genomic selection and improve the 
farm animal health. Developments in ‘omics’ technologies, such as genomic 
selection, may help overcome several of the limitations of traditional breeding 
programmes and will be especially beneficial in breeding for lowly heritable 
disease traits that only manifest themselves following exposure to pathogens or 
environmental stressors in adulthood. The current paper provides a brief overview 
of the present – day application of microsatellites markers in animal breeding and 
make significant contribution to the overall farm animal health and resistance to 
disease. 
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Introduction 
 
 

Molecular Genetics deals with  the genomic makeup of individuals at the 
DNA level. It is the identification and mapping of genes, DNA markers and genetic 
polymorphisms ( Teneva et al.,2005,2007,2009;Teneva, 2009) . This enables us to 
use molecular genetics to identify the genes and other molecular markers that are 
involved  in variety of productive traits. On the base of the information of genomic 
makeup it would be possible to select improved livestock. In case it is carefully 
applied, the use of molecular information in selection programmes has the power to 
increase productivity of farm animals, as well as to enhance environmental 
adaptation and maintain genetic diversity. 

Conventional animal`s breeding programmes depend on selection 
programmes based on phenotypic selection ( Walsh, 2000, Teneva and Petrovic, 
2010). This resulted in the selection of a number of economically important genetic 
traits in cattle, sheep, pigs and poultry. In phenotypic selection traits are measured 
directly and animals with superior performance are used as breeding stock where 
the trait is limited, such as production, progeny test schemes have allowed the 
genetic merit of the sex not displaying the trait to be estimated (Dekkers, 2004; 
Naqvi, 2007). There are sundry stumpers related to the phenotypic selection: 

►restriction of the genetic base of a population 
► it could be carried out to traits that are facilely evaluated 
► requiring high costs 
► the difficulties in improving disease resistance in farm animals by 

traditional phenotype selection.  
For the traits that are displayed only in adults, which include most of the 

production traits, it is necessary to raise a large number of individuals for which the 
trait is recorded, so that a few can be chosen for breeding. In the case of progeny 
testing for milk production, the costs are very high, as the test sires have to be 
raised and  then  the daughters themselves raised and bred before the trait can be 
measured and the elite sires selected (Naqvi, 2007). 

Improved animal health is a major objective in current animal breeding 
strategies, but is difficult to achieve by traditional breeding methods. Thus, 
selection for genetic disease resistance provides a potential avenue for improving 
the health status of farm animals, increasing productivity and reducing the need for 
pharmaceutical intervention, in this way reducing costs and delaying the 
appearance of resistant pathogens. The achievement of such improvement is one of 
the most important applications of molecular genome research.  
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In 1940`s Irwin and co-workers used blood group antigens for parentage 
verifications in the Holstein Friesian cattles (Hines, 1999). Later, in the 1950’s 
Stormont (Hines, 1999) studied the blood groups in cattle and their applications in 
the detection of incorrect parentage. Landsteiner in the early 1900’s on human 
blood group variability and Erlich and Morgenroth and Todd and White on blood 
groups in farm animals researched into immuno-genetics and genetic variability 
among animals (Hines, 1999; Marle-Köster 

 
and Nel, 2003).  

It is, however the development of molecular biology and especiallay DNA 
based markers during the past three decades that created exciting new means for 
studying livestock genetics and animal breeding. Selection according to genotype 
has become an important tool in the breeding of farm animals. In very recent years 
the molecular biological approach has also been revolutionized by the application 
of new technologies (Hayes et al., 2009). 

 
Molecular  Marker Technologies 

 
 In this regard the use of molecular genetic technologies potentially offer a way 

to select breeding animal at an early age and to select for a broad range of traits as 
well as to  enhance reliability in predicting the mature phenotype of the individual 
(Weir et al., 2006; Naqvi, 2007; Toro at al., 2009; Hayes et al., 2009). The several 
categories of potential gene - based implementations are in: 

►Animal identification and traceability 
► Molecular-genetic analysis of genetic diversity 
► Reproductive improvement 
►Transgenic livestock 
►Gene based trait selection 
►Animal health: diagnosis, protection and treatment 
► Nutrition and metabolism  
Molecular genetics allows to study the genetic make-up of individuals at the 

DNA level. The use of molecular genetics in selection programmes is based on the 
ability to determine the genotype of individuals for mutations or indirect markers 
using DNA analysis. This information is then used to assess the genetic value of 
the individual,which can be captured in a molecular score that can be used for 
selection (Dekkers and Hospital, 2002).  

After a lot of authors (Dekkers and Hospital, 2002; Womack, 2005; Naqvi, 
2007) the main reasons why molecular genetic information can result in greater 
genetic gain than phenotypic information are: 

 Assuming no genotyping errors, molecular genetic information is not 
affected by environmental effects and, therefore, has heritability 
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  Molecular genetic information can be available at an early age, even at  
the embryo stage, thereby allowing early selection and reduction of 
generation intervals  

  Molecular genetic information can be obtained on all selection candidates, 
which is especially beneficial for sex-limited traits, traits that are 
expensive or difficult to record, or carcass traits (traits that require 
slaughter) 

Molecular genetic markers represent one of the most powerful tools for the 
analysis of genomes and enable the association of heritable traits with underlying 
genomic variation. Molecular marker technology has developed rapidly over the 
last decade and two forms of sequence based marker, Simple Sequence Repeats 
(SSRs), also known as microsatellites, and Single Nucleotide Polymorphisms 
(SNPs) now predominate applications in modern genetic analysis.  

 
Simple Sequence Repeats (SSRs) markers  
 

SSRs also known as microsatellites are short sequence elements that are 
arranged in a simple internal repeat structure (Awadalla and Ritland, 1997; Moxon 
and Wills, 1999; Duran et al., 2009). These are very powerful genetic markers, due 
to their genetic codominance, abundance, dispersal throughout the genome, multi-
allelic variation, high reproducibility and high level of polymorphism, could 
characterize and discriminate all genotypes (Tautz, 1989; Schlotterer and Tautz, 
1992; Li et al., 2002).  

SSRs provide a number of advantages over other molecular markers, 
namely that multiple SSR alleles may be detected at a single locus using a simple 
PCR based screen, very small quantities of DNA are required for screening, and 
analysis is amenable to automated allele detection and sizing (Schlotterer,  2000)  

Studies of the potential biological function and evolutionary relevance of 
SSRs is leading to a greater understanding of genomes and genomics 
(Subramanian  et al., 2003). SSRs were primarilly considered to be evolutionally 
neutral (Awadalla and Ritland, 1997). More recent data suggests that they probably 
play an important role in genome evolution (Moxon and Wills, 1999) and provide 
points of recombination. 

 They are assumed to be involved in gene expression, regulation and 
function (Gupta et al., 1994; Kashi et al.,1997) and have been found to bind 
nuclear proteins  and function as transcriptional activating elements (Li et al., 
2002), scilicet they suggested to have a significant functional role. 

SSR analyses are applied successfully in parentage verification and 
pedigree analysis, as disease markers and to locate the mutation in genetic 
disorders in livestock animals. The ultimate use of SSRs markers is for mapping 
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quantitative trait loci (QTL) and in marker assisted selection (MAS) in order to 
practice genomic selection. 

 
 
Ssr Marker Applications In Animal Genetics And Breeding 
 

The main properties of the SSRs markers - abundance, hypervariability and 
Mendelian inheritance make them very informative markers in the genome analysis 
and are used for various applications in many livestock species (Tautz, and Renz, 
1984; Tóth et al., 2000; Beuzen et al., 2000; Binadel et al., 2001; Katti et al..2001; 
Adamov et al., 2011) in individual identification, parentage and pedigree analysis, 
genome mapping, population genetics, conservation and management of biological 
resources. 

 
Individual identification, parentage and pedigree analysis  
 

Allozymes are not the best markers for estimation of hereditary 
relationship because of their restricted ability for sampling the genome as a whole.  
The most effective marker for this type of evaluation are microsatellites as they are 
codominant and hypervariable (thus able to distinguish between closely related 
individuals) (Chakraborty et al.,1988). In general, only 30-40 microsatellite loci 
are needed to provide a satisfactory estimation of relationship (Blouin, 2003). 

The PCR based microsatellite typing provide the powerful tool for the 
identity and the paternity testing. Selected panel of microsatellite loci and the 
multiplex PCR system form a highly discriminating powerful tool for parentage 
testing (Peelman et al., 1998; Luikart et al., 1999).  

The microsatellites have been successfully and extensively employed for 
the parentage testing and individual identification for the breed allocation etc., in 
various domestic animals –cattle, dogs, horses (Fredholm and Wintero, 1996; 
Bowling et al., 1997; Guerand et al., 1997; Peelman et al., 1998; Alter et al., 2001; 
Bjornstad and Roed, 2001; Adamov et al., 2011).  Coppieters et al. (1993), based 
on the observed allele frequencies in the studied pig populations, estimated the 
exclusion probability for the quadruplex microsatellites to be 0.96. Kaul et al. 
(2000) estimated the probability of identity of two random individuals from the two 
different native Indian pig populations, based on 13 microsatellites, to be 3.51×10-
19. 

In 2004 Gentilini and coworkers used a DNA fingerprint technique based 
on microsatellites to solve a parentage testing in Boxer breed.  

The concept of genetic relatedness and parentage is central to many 
aspects. In agriculture, measurements made on related individuals can be used to 
estimate the additive and dominance components of variance, which in turn are 
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needed to predict the gain from breeding programmes for domesticated animal 
species (Weir et al., 2006; Selkoe and Toonen, 2006). 

The multiallele microsatellites are currently using as modern genetic 
markers to assess the degree of relatedness between individuals or to address 
suggested degrees of relatedness (Weir et al., 2006). 

 
Population analyses/estimation of genetic diversity 
 

The high degree of the polymorphism of SSR markers makes them the 
markers of choice for such studies over the conventional markers like the 
restriction fragment length polymorphism (RFLP), which generally have only two 
alleles, and has a maximum theoretical heterozygosity of 50% (Botstein et al., 
1980, Teneva et al., 2005). The microsatellites give discriminating and 
significantly concordant results as compared to RAPD (Zhanjiang, 2007).  

Since the beginning of the 1990s, microsatellite molecular data have 
become more suitable for the characterization of genetic diversity (Bowcock et al., 
1994; Laval et al., 2000; Groeneveld et al., 2010). Fredholm et al. (1993) 
characterized 24 porcine (dA-dC)n-(dT-dG)n microsatellites for genotyping of the 
four European pig breeds. The variation between the Chinese indigenous Meishan 
and the Western breeds was also studied using the microsatellite markers (Paszek 
et al., 1998b). Li et al. (2000b) reported variation among the seven local pig breeds 
of China using the six microsatellite loci. Niu et al. (2001) analysed the 5 lines of 
pig inbred lines with the 35 microsatellite loci. In order to clarify the genetic 
relationships among the major pig breeds is necessary to use the common set of the 
microsatellites for analysis of the genetic diversity. 

To maintain the concordance of the results so that the data can be 
compared at the international level, the Food and Agricultural Organisation (FAO) 
has recommended the use of a species specific set of microsatellite markers for 
molecular characterization in following farm animals – cattle, buffalo, sheep, goat, 
horse, donkey, pig and chicken (FAO, 2011). These guidelines revise and build 
upon the Secondary guidelines: measurement of domestic animal diversity 
(MoDAD) published by FAO in 1993.  

Genetic population studies using the microsatellites help in rating the 
genetic variation within and between the breeds and to define a diversity measure 
which will permit the ranking of the breeds for conservation purpose thus 
providing the useful information concerning the relative contribution to the genetic 
diversity (Laval et al., 2000, Martinez et al., 2000; Behl et al., 2002). This will 
allow for the future management of the breeds to be based on the greater 
knowledge of their genetic structure and the relationships between breeds for 
conservation breeding purposes (Takezaki and Nei, 1996; Caballero and Toro, 
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2002; Aberle and Distl, 2004; Kim et al., 2004; Taberlet, et al., 2008; Toro et al., 
2009). 

Commonly, neutral molecular markers have some clear advantages when 
used to estimate the genetic diversity of populations: they are relatively easy to 
characterize, and they can provide unbiased estimates of random processes such as 
genetic drift (Luikart  et al,. 2003). Microsatellites are currently the most widely 
used markers for inferring genetic diversity. One of the purposes of genetic 
diversity studies is to manage, preserve and disseminate these to breeding 
organizations and relevant government agencies (FAO, 2011). Many studies refer 
microsatellites exploitation for genetic diversity evaluation and relationships 
among cattle populations (MacHugh et al., 1997; Canon et al., 2001; Kim et al., 
2002; Maudet et al., 2002; Dorji et al., 2003; Jordana et al., 2003; Metta et al., 
2004; Mukesh et al., 2004; Pandey et al., 2006). 

 The genetic diversity of eleven pig breeds from six European countries 
along with a small sample of wild pigs was evaluated by Laval et al. (2000) using 
18 microsatellite markers. Significant breed differentiation (FST = 0.27) and 
moderate diversity (He= 0.35 to 0.60) was observed amongst the eleven breeds 
with the French Basque found to be the most genetically distinct. During the 
PigBioDiv I project (Ollivier et al., 2005; Ollivier, 2009), 58 European populations 
including 29 local breeds, 18 national varieties of international breeds, 21 
commercial lines and the Chinese Meishan breed, used as an out-group were 
genotyped for 50 microsatellite markers. Data from 11 breeds generated during the 
PiGMap project (Laval et al., 2000) were also included in the analysis. These data 
showed that the individual breed contributions to between breed diversity ranged 
from 0.04% to 3.94% of the total European between breed-diversity, and that local 
breeds accounted for 56% of the total, followed by commercial lines and 
international breeds.  

Kim and Choi (2002) used six microsatellite loci on 67 individuals to 
characterize genetic variability and structure of Korean native black pigs. Thuy et 
al. (2006) analysed five Vietnamese indigenous breeds and showed a higher degree 
of polymorphism, allelic diversity, and heterozygosity than in the commercial pigs 
of European origin. 

The preliminary findings from the microsatellite data of the indigenous 
pigs from Bhutan, Nepal, Sri Lanka, and Papua New Guinea, which have been 
recently reported (Nidup et al.,2010a; Nidup et al., 2010b) suggest rich 
biodiversity of indigenous pigs resource in South Asia and Papua New Guinea. All 
these microsatellite studies indicate the existence of biodiversity, potential 
conservation, and sustainable utilization of swine genetic resources, particularly the 
indigenous breeds, in European and Asian countries. 
 
Microsatellite markers for the gene mapping/ linkage analyses 
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The excellent properties of the microsatellites makes them an effective tool 
for linkage studies and gene mapping. There are several advantages in using of 
microsatellites for the genome wide linkage search (Peelman et al., 1998, Teneva, 
2009): their ubiquity in the genome, a small number of the families will be 
sufficient to prove or disprove the linkage because of the highly polymorphism, 
multiple microsatellites can be analysed simultaneously since several loci can be 
amplified in the single PCR. 

The genetic linkage analysis is based on the principle that if two genes on 
the DNA segment are located close to each other on the same chromosome, they 
are likely to be inherited together. The linkage between the two genetic loci is 
established when they show significant co-segregation in the offspring (Duran et 
al., 2009). The microsatellite markers scattered throughout the mammalian 
genome, are probably best markers available for linkage studies. Linkage maps 
solely or mostly built up by microsatellite markers have been reported for various 
species of farm animals (Barendse et al., 1994; Ellegren et al., 1994; Archibald et 
al., 1995; Kappes et al., 1997; Binadel et al., 2001; Ellegren, 2004; Takahashi et 
al., 2005). 

The linkage maps for the genomes of the pig and other domestic animals 
are important as these genetic maps have made it possible to map the disease genes 
and their potential ability to genetically dissect the phenotypic traits of the 
agricultural or biological significance. Marklund et al. (1999) identified a linkage 
group of three microsatellite loci, blood groups L, GBA and ATP1B1 on the pig 
chromosome. Hasan and coworkers (1999) employed the 14 microsatellites to map 
the L oxidase gene, which is a candidate for the vitamin C deficiency in to the 
chromosome 14. A whole genome scan was conducted using 132 microsatellite 
markers to identify the chromosomal regions that have an effect on the teat number 
in the Chinese Meishan pigs and the five commercial Dutch pig lines (Hirooka et 
al., 2001). 

The microsatellite loci have been also used for detection and localisation of 
the quantitative trait loci for the growth and fatness in the pigs (Marklund et al., 
1999; Binadel et al.,2001). The molecular genome scan analysis to identify the 
chromosomal regions influencing the economic traits in the pigs using the 
microsatellites have been reported for the teat number by Malek et al. (2001a,b). 
The information may subsequently utilized for the breeding programmes in 
domestic animals through marker assisted selection (MAS). 

 
QTL mapping by the use of microsatellite markers  
 

Over the last decade considerable effort has been put into the construction 
of genetic and physical maps of the genomes of livestock species (Dekkers, 2004; 
Willijams, 2005; Erhardt and  Weimann, 2007, Teneva et al., 2007). In the first 
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instance these maps were composed predominantly of anonymous, microsatellite 
markers. The bovine genetic map now contains over 3,800 markers (Ihara et al., 
2004). These genetic maps have been used to select markers that are distributed 
across whole genome. These markers are then used in QTL mapping studies to 
track the inheritance of specific regions of chromosomes through generations of 
families. Microsatellite markers are commonly used in these studies because they 
usually have several alleles and hence the parental origin of a particular marker can 
usually be determined to track the inheritance of specific regions of chromosomes 
through generations of families (Dekkers, 2004; Duran et al., 2009). 
  Until recently, microsatellites were the markers used for mapping 
quantitative trait loci for production and functional traits in farm animals 
(Hiendleder et al., 2003; Kühn et al., 2003) and tightly linked markers are used for 
marker assisted selection in practice. They are also the prerequisite for the 
identification of positional and functional candidate genes responsible for 
quantitative traits.  

Genome scans for QTL are completed for all major livestock species ( 
http://www.animalgemome.org/QTLdb/; http://bovineqtl.tamu. edu/index.html). 
When marker-QTL associations are identified, MAS can be applied in breeding 
programmes with the aim of improving selection response (Meuwissen and 
Goddard, 1996). In German Holstein cattle a whole genome scan was performed 
and QTLs for functional traits (Kühn et al., 2003), body conformation and 
behaviour were identified (Hiendleder et al., 2003).  

Using an identical design Harder et al. (2006) detected QTL for lactation 
persistency traits in cattle. On the basis of a QTL identified on BTA 18, it could be 
shown using comparative mapping strategies, that it is possible to identify a 
candidate gene. DGAT1, the gene encoding diacylglycerol O-acyltransferase, was 
identified a candidate gene for milk production traits by Grisart et al. (2002) and 
Winter et al. (2002). Since DGAT1 has main effects on the fat content of milk, the 
analyses of promoter variants of the bovine aS1-casein (CSN1S1) gene lead to a 
significant effect on the protein percentage in dairy cattle (Prinzenberg et al., 
2003). The effect of DGAT could be further differentiated by including CYP11B1 
variants (Kaupe et al., 2007). 

  
Marker assisted selection (MAS) 
 

A major objective of quantitative trait loci (QTL) studies is to find 
genes/markers that can be implemented in breeding programs via marker assisted 
selection (MAS). There is a general agreement from theoretical and simulation 
studies that application of MAS has the potential to increase the rate of genetic gain 
especially if traditional selection is less effective (Khatkar et al., 2004)  
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Since the 1970s, the discovery of technology that enables identification 
and genotyping 
of large numbers of genetic markers, and research that demonstrated how this 
technology could be used to identify genomic regions that control variation in 
quantitative traits and how the resulting QTL could be used to enhance selection, 
have raised high expectations for the application of gene- (GAS) or marker-assisted 
selection (MAS) in livestock. Yet, to date, the application of GAS or MAS in 
livestock has been limited (Dekkers, 2004).  

After Dekkers( 2004)  the successful application of MAS in breeding 
programmes requires advances in the following five areas: 

• Gene mapping: identification and mapping of genes and genetic 
polymorphisms. 

• Marker genotyping: genotyping of large numbers of individuals for large 
numbers of markers at a reasonable cost for both QTL detection and routine 
application for MAS. 

• QTL detection: detection and estimation of associations of identified 
genes and genetic markers with economic traits. 

• Genetic evaluation: integration of phenotypic and genotypic data in 
statistical methods to estimate breeding values of individuals in a breeding 
population. 

• MAS: development of breeding strategies and programmes for the use of 
molecular genetic information in selection and mating programmes. 

Advances in MAS have been made in all farm animal species principally 
on the base of microsatellite being the marker of choice for QTL searching and 
gene mapping. 

In dairy cattle, after the first work of Georges et al. (1995), many large 
scale QTL detection experiments were designed to exploit the population structure 
and the recording systems existing in large dairy breeds. Most of them used the so-
called granddaughter design. A recent review (Khatkar et al, 2004) summarized the 
results of more than 50 experiments and presented a meta-analysis.  

To date, only few QTL have been fully characterized with a strong putative 
or well-confirmed causal mutation: DGAT1 on chromosome 14, GHR on 
chromosome 20, or SPP1  on chromosome 6 (Boichard et al., 2006) They all affect 
milk production traits, whereas no QTL affecting functional traits such as fertility 
or mastitis resistance has been characterized so far.  

To the authors’ knowledge, MAS development still remains limited due to 
some limiting factors including biological factors (reproductive capacity) and many 
theoretical considerations related to the effectiveness of MAS (e.g. diverting 
selection pressure from polygenes to a single marked gene), which are generally 
applicable to MAS in livestock,  its cost, its high organisational demand, to the 
limited number of genes of importance fully characterised, and also to some lack of 
confidence of users (Muir, 2003; Dekkers, 2004; Boichard et al., 2006).  
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Microsatellites for identification and control of disease 
disorders in livestock 
 

In molecular genetics, there have been considerable advances in animal 
breeding and genetics, relevant to animal disease control. These advances are of 
considerable veterinary interest, showing that observed animal performance is the 
outcome of the interaction between the animal’s genetic makeup and the specific 
environment it was exposed to. Thus improved genetics has the potential to 
complement current approaches to animal disease control. Improvement in animal 
health through genetic selection is advantageous, because genetic gain is 
cumulative and permanent, as the genes introduced into a population can persist for 
many generations (Berry et al., 2011). 

Microsatellite sequences are most commonly employed in determining 
progress in identification and control of livestock disease disorders (Berry et al., 
2011). 

Kriegesmann et al. (1997) mapped genes for genetic diseases such as 
BLAD in cattle and  developed a DNA test to identify the unfavourable allele. Fujii 
et al. (1991) studied the gene variant in pigs responsible for the maligne 
hyperthermia syndrome (MHS), which is closely related to meat quality. Both tests 
are successfully implemented within breeding programmes in the breeds affected 
and have reduced the frequency of the unfavorable allele. 
  Of great interest are the markers that are linked to disease resistance QTL, 
like E.coliresistance in pigs (Meijerink et al., 2000), nematode resistance in sheep 
(Coltman et al., 2001), trypanotolerance in cattle (Hanotte et al.,2003). Peelman 
(1999) identified four microsatellites as the preliminary diagnostic tool to type pigs 
for the K88 E. coli neonatal diarrhea resistance or sensitivity. 

A lot of candidate microsatellite loci were selected as markers associated 
with different livestock diseases: markers located in the ovine MHC (Crawford et 
al., 1995), INRA111 and INRA131 for bovine mastitis (Schulman et al., 2004), 
CP26 for tuberculosis (Acevedo-Whitehouse et al., 2005). 

The presence and frequence of microsatellites instability (MSI) could be 
used for detecting diseases or tumors (McNiel et al., 2007; Sotirakopoulos et al., 
2010; Zhou et al., 2012).  Microsatellite mutations or microsatellite instability 
(MSI) leads to DNA replication error (RER) phenotype. Microsatellite instability 
(MSI), reflecting a cellular deficiency in DNA mismatch repair (MMR), is now 
regarded as an important biomarker to predict the cellular genome mutation (Zhou 
et al., 2012). If uncorrected, these errors are fixed after a next round of replication 
as addition or deletion of one or more microsatellite sequences. This mutated 
phenotype manifests as MSI, and appears to play an important role in 
tumorogenesis and/or tumor progression. Marek’s disease provides excellent model 
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for the study of herpes virus-induced tumors both in experimental and natural 
conditions (Zhou et al., 2012). 

 Apart from a few candidate gene studies, most efforts to identify Marek `s 
disease resistance genes have used genome-wide QTL scans with microsatellite 
markers (Cheng et al., 2013). Two studies utilized ADO Llines 6 (MD resistant) 
and 7 (MD susceptible). Vallejo et al. (1998) and Yonash et al. (1999)  identified 
14 QTLs (7 significant and 7 suggestive) where the QTLs explained up to75% of 
the genetic variance. By measuring not only disease incidence but also disease-
related traits, the QTLs could be grouped by trait type. Some QTLs were associated 
almost exclusively with viremia levels and the remaining QTLs with disease, 
survival, tumor incidence, nerve enlargement, and other disease-associated traits, 
which suggests that disease resistance occurs at least at two levels: initial viral 
replication and cellular transformation (Cheng et al., 2013). 
Genetic resistance to footrot in sheep varies between populations and phenotypes. 
The estimated heritability is between 0.10–0.20 (Smith et al., 2012), indicating the 
potential capacity of microsatellite loci for effective selection for resistance.  
 Other agents causing unexplained types of scrapie or atypical scrapie first 
reported in Norway in 1998 are now widespread (Benestad et al., 2003; Orge et al., 
2004; Moum et al., 2005). Recently, Lühken et al. (2007) have associated 
microsatellites MCMA53 and MCMA16 on sheep chromosome 15 with 
susceptibility to atypical scrapie. Other polymorphic microsatelittes also occur 
within the ovine and bovine PRNP gene (Geldermann et al., 2003; Luhken et al., 
2007). 

Candidate gene microsatellite variation in TCRG4 locus is associated with 
parasitism in wild bighorn sheep (Luikart et al.,2008). Catalase gene - SHP4 is 
associated with facial eczema disease resistance in sheep for ovine eczema (Phua 
et al., 1999). 

Davies et al. (2006) studied BL4 for IgA QTL parasitic infection in 
Scottish blackface sheep. Two microsatellite markers (TGLA48 and BMC5221) 
are in the linkage group as genes with the gene ontology (GO; 
www.geneontology.org) code for defence response to Gram-negative bacterium 
(Smith et al., 2012).  Studies on QTL affecting parasite resistance in cattle have 
been carried in USA (Gasbarre et al., 2002).  For genetic analysis of the DNA 
polymorphism more than 200 microsatellite markers were tested and found at 
regular intervals (about 20 cM) across the entire genome. Preliminary results of 
QTL analysis show that an expected heterozygosity index was 50%, and 45% for 
polymorphism information content (PIC). These data suggest that parasite-
resistance is related to acquired immunity, associated with the interferon gamma 
gene (IFNG) gene. The gene was also found as QTL for resistance to 
gastrointestinal nematodes in sheep. 

In Germany the study on QTL for resistance to parasites was carried out on 
the Rhönschaf sheep (Janssen et al., 2002). Statistical analysis showed significant 
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association between parameters of resistance (faecal egg count) and the markers 
OarCp73, DYMS1 and BM1815. The DYA gene (belonging to the class IIb 
subregion of the major histocompatibility complex – MHC) closely linked to the 
microsatellite DYMS1, is a possible candidate gene for resistance to Haemonchus 
contortus in sheep. 
  Indigenous (unimproved) breeds of sheep seemed to be significantly 
resistant or tolerant to parasites as compared with commercial (improved) breeds. 
The widest polymorphism among the MHC genes is found in locus DRB1 which 
encodes the beta chain of the DR protein molecule, located on the surface of 
antigen-presenting cells. Charon et al. (2002) showed a significant association 
between microsatellite polymorphism in DRB1 gene and the faecal nematode egg 
count on primitive Heatherheaded sheep. A total of 23 alleles were identified 
across the investigated gene fragment. Alleles 482 bp and 530 bp showed 
significant association with resistance to gastrointestinal nematodes, while the 568 
bp allele was found related to susceptibility to parasites. 

Bovine Progressive Degenerative Myeloencephalopathy (Weaver 
Syndrome) is a recessive neurological disease that has been observed in the Brown 
Swiss cattle breed since the 1970’s in North America and Europe.  

Weaver Syndrome was mapped to Bos taurus autosome (BTA) 4 by 
Georges et al. (1993), and the microsatellite (MS) marker TGLA116 (58.21 Mbp) 
was identified as a diagnostic marker due to its close linkage (estimated 3% 
recombination rate) with the locus containing the Weaver allele. The authors have 
identified a microsatellite locus (TGLA116) closely linked to the weaver gene 
discovered in testing the hypotheses that the genetic disease in cattle - progressive 
degenerative myeloencephalopathy (weaver disease) is associated with increased 
milk production. TGLA116 and the weaver locus were assigned to bovine synteny 
group 13. The authors posted that this microsatellite marker could be used to 
identify weaver carriers, to select against this genetic defect, and to study the effect 
of the chromosomal region on milk production in Brown Swiss and other breeds of 
cattle. 
The locus was later refined to a 10 Mbp window between markers BMS2646 and 
MAF50 (46.31and 56.42 Mbp, respectively) (Denise and Medrano, 2005). Weaver 
carrier animals were either identified from affected progeny or via a commercially 
available genetic test based upon the haplotype of 6 MS markers: RM188, MAF50, 
RM067, TGLA116, BM1224, and BM6458, within a 43.8 cM region (McClure et 
al., 2013). 
 
Conclusion  
 

The development of molecular markers for genetic analysis has led to great 
increase in our knowledge of livestock genetics and our understanding of the 
structure and behaviour of animal genomes.  
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 In recent years, the demonstration of genetic polymorphism at the DNA 
sequence level has provided a large number of marker techniques with variety of 
applications. However, utilization of marker-based information for genetic 
improvement depends on the choice of an appropriate marker system for a given 
application.  

Microsatellites have the highest heterozygosity among all marker types 
because of their high number of alleles.  For as much as most RFLP, RAPD, AFLP 
and SNP markers are biallelic markers, they have a maximal heterozygosity value 
of 0.5. Thus, microsatellites are most informative as genetic markers. This feature 
makes microsatellites the unique marker system for identification of individuals 
such as parentage analysis, as well as the choice of markers for many other types of 
applications. The major application of microsatellite markers is for the construction 
of genetic linkage and QTL maps.  
  Although the MAS development still remains limited due to some limiting 
factors including biological factors (reproductive capacity) and many theoretical 
considerations related to the effectiveness of MAS, the ultimate use of STR 
markers is for mapping quantitative trait loci (QTL) and in marker assisted 
selection (MAS) in order to practice genomic selection in nucleus breeding 
programs. Developments in ‘omics’ technologies, such as genomic selection, may 
help overcome several of the limitations of conventional breeding programmes and 
will be especially beneficial in breeding for lowly heritable disease traits that only 
manifest themselves following exposure to pathogens or environmental stressors in 
adulthood. 

Microsatellite sequences are most commonly employed in determining 
progress in genetic resistance to livestock diseases and control of genetic disorders 
in livestock animals. There continues to be very significant advances in efforts to 
control disease, with the potential for significant improvements to both 
performance and welfare. These advancements will included improved 
understanding of disease pathophysiology and epidemiology for improved disease 
control in farm animals. 
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Rezime 
 

Molekularna genetika istražuje genetski sastav pojedinaca na nivou DNK. 
To uključuje identifikaciju i mapiranje molekularnih genetskih markera i genetskih 
polimorfizama. Molekularni genetski markeri (DNK markeri) su jedan od 
najmoćnijih sredstava genomske analize i pružaju mogućnost povezivanja 
naslednih osobina sa genomskim varijacijama. Tehnologija molekularnih markera 
se brzo razvila u poslednjoj deceniji, a dva oblika markera na bazi DNK, Simple 
Sequence Repeats (SSR), takođe poznati kao mikrosateliti, i polimorfizam 
pojedinačnih nukleotida - Single Nucleotide Polymorphisms (SNP) preovlađuju u 
primeni u modernoj genetskoj analizi. 

Genomske sekvence - ponavljanja (Simple Sequence Repeats - SSR, 
mikrosateliti) se koriste za razne svrhe, uključujući označavanje gena, fizičko 
mapiranje, mapiranje genoma, procena genetičke raznovrsnosti, filogenetske i u 
svrhu genetičke konzervacije u uzgoju farmskih životinja. SSR analiza se uspešno 
primenjuju u verifikaciji roditeljstva, i analizi pedigrea, kao markeri bolesti i u 
pronalaženju mutacije i genetskih poremećaja kod farmskih životinja. Krajnja 
upotreba SSR markera je za mapiranje lokusa kvantitativnih osobina (QTL), 
selekciji pomoću markera (MAS), kako bi se u praksi primenjivala genomska 
selekciju i unapređenje zdravlja farmskih životinja. Razvoj u tehnologijama 
"omics“', kao što je genomska selekcija, može pomoći u prevazilaženju nekoliko 
ograničenja tradicionalnih odgajivačkih programa a posebno će biti korisna za 
oplemenjivanje i odgoj na nižu naslednost naslednih osobina bolesti koje se 
ispoljavaju tek nakon izloženosti patogenima ili ekološkim stresorima u odraslom 
dobu. Ovaj rad daje kratak pregled današnje primene mikrosatelit markera u 
stočarstvu i daje značajan doprinos ukupnom zdravlju životinja uzgajanih na farmi 
i otpornosti na bolesti. 
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