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Abstract: With recent developments in DNA technologies, a large number 
of genetic polymorphisms at DNA sequence level has been introduced over the last 
decades as named DNA-based markers. The discovery of new class of DNA 
profiling markers has facilitated the development of marker-based gene tags, map-
based cloning of livestock important genes, variability studies, phylogenetic 
analysis, synteny mapping, marker-assisted selection of favourable genotypes, etc. 
The most commonly used DNA-based markers have advantages over the 
traditional phenotypic and biochemical markers since they provide data that can be 
analyzed objectively. In this article the main applications of molecular markers in 
present-day breeding strategies for livestock improvement - parentage 
determination, genetic distance estimation, genetic diversity, gene mapping and 
marker-assisted selection have been reviewed. 
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Introduction 

 
The progress in development of molecular markers suggests their potential 

use for genetic improvement in livestock species. The reason for this is among 
other things, the desire to find an effective way to overcome the limitations 
that incorporates traditional techniques of selection (Petrovic et al., 1997; 
Petrovic, 2000). The markers are the genetic basis for assessing of the observed 
phenotypic variability.Genetic markers are distinguished on three principle classes: 
based on visually evaluated traits (morphological and productive traits), based on 
gene product (biochemical markers), and founded on DNA analysis (molecular 
markers). The idea of using the genetic markers came forward very early in the 
scientific studies (Sax, 1923) but the development of electrophoretic separation of 
isozymes (Markert and Moller, 1959) and molecular markers (Botstein et al., 1980; 
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Nakamura et al., 1987; Williams et al., 1990; Vos et al., 1995; Caetano-Anolles 
and Gresshoff, 1997; Jaccoud et al., 2001) made better the comprehensions in 
biological based sciences.  Molecular markers are specific fragments of DNA that 
can be identified within the whole genome and transmitted by the Mendel`s laws of 
inheritance in the generations. They are not considered as normal genes and as a 
rule do not have phenotypic effect. The existence of different molecular techniques 
require attentive consideration in choosing the relevant marker. This review article 
examine the most widely used molecular markers for genetic diversity studies,  
genetic mapping,  marker-trait association studies, and marker assisted selection 
programs. 

The modern developments in molecular biological research connected with 
livestock breeding include: 

1. Assignment of the entire genome sequence of the most important livestock 
species. 

2. Development of technology to measure DNA polymorphisms at loci 
widespread in the genome (microsatellites and SNPs) 

3. Development of microarray technology to measure gene transcription. 
 
Evaluation of genetic diversity 

 
Genetic diversity among organisms is a result of variations in DNA 

sequences. Genetic variation is essential, and each individual, with the exception of 
monozygotic twins, possesses a nonpareil DNA sequence. DNA variations are 
mutations resulting from substitution of single nucleotides (SNPs), insertion or 
deletion of DNA fragments of various lengths, or duplication or inversion of DNA 
fragments. DNA variations are specified as “neutral” when they cause no change in 
phenotypic traits, and thereby are not subjected to positive, negative, or balancing 
selection and in the opposite they are referred to as “functional”. 

The genetic diversity found in domestic breeds allows breeders to develop 
new characteristics in response to changes in environment, diseases or market 
conditions. Furthermore, losing genetic diversity represents a loss to the history of 
civilization. A considerable number of genetic diversity studies for several 
livestock species have been carried out during recent years by research teams from 
all over the world (Ciampolini et al., 1995;Martin-Burriel et al.,1998;Peelman et 
al., 1998; Mommens et al., 1998. Čítek, Řehout. 2001;Canon et al., 2001;Cervini et 
al., 2006; Mommens et al., 1999, Rendo et al., 2004; M. Zho et al., 2005; Teneva et 
al.,2005;Czernekova et al., 2006; Teneva et al., 2007; Guimeraes, 2007; Cinkulov 
et al., 2008; Loukou et al., 2009, Teneva et al.,2009).  

Currently, microsatellites  are the most popular markers in livestock genetic 
characterization studies (Simianer, 2007). To define species-specific standards, the 
International Society for Animal Genetics (ISAG) formed a FAO/ISAG advisory 
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group on animal genetic diversity which name was changed at the ISAG-meeting 
(2004) to ISAG/FAO advisory group on animal genetic diversity‘. This group 
developed guidelines for cattle, sheep, pig, and chicken, published in the 
Secondary Guidelines for Development of National Animal Genetic Resources 
Management Plans: Measurement of Domestic Animal Diversity (MoDAD): 
Recommended Microsatellite Markers. In these recommendations, which were 
widely spread in the scientific community, 30 microsatellite markers for cattle, 25 
for chicken, 27 for sheep and 27 for pigs, respectively, were listed 
(http://dad.fao.org./) (Simianer, 2007). After Simianer (2007) the microsatellites 
are the primary marker class of choice, but in most studies additional marker types 
like AFLPs are also used. The single nucleotide polymorphisms (SNPs) would be a 
more appropriate choice. As suggested by Werner et al. (2004) SNP markers will 
be a superior and more cost-efficient technical approach in the future. 

 Peter et al. (2007) analyzed the population structure and the genetic 
diversity of 57 European sheep breeds from 15 European countries and 
differentiate the following groups of sheep: Mid-eastern fat tailed sheep, South 
eastern European sheep and North western/Western European sheep.  

Markers such as microsatellites and AFLP were not only used to evaluate the 
genetic diversity, but also to decide on conservation priorities for cattle breeds. The 
European Cattle Diversity Consortium (2006) investigated the genetic distances 
between 69 European cattle breeds to indicate conservation priorities. The use of 
markers derived from genes within diversity studies can also lead to a deeper 
knowledge about the domestication and development of livestock species and 
breeds. For example, the analysis of the geographic distribution of casein 
haplotypes in cattle gave information about the consequences of the domestication 
geographically differentiated natural or artificial selection (Jann et al., 2004; Beja 
Peirera et al., 2006; Taberlet et al. 2007). As in cattle and sheep, a European 
project dealing with genetic diversity in pig breeds was established in recent years 
(Pig biodiversity Project II). The results of microsatellite typing present strong 
support for clustering of European pig breeds (SanCristobal et al., 2006).  

 
Genotyping 

 
AFLP and microsatellites are the ideal molecular approaches for population 

genetics and genome typing except (Luikart et al., 2003). In the past years AFLP 
approach is more frequently used to identify markers associated with traits under 
selection in non-model plant and vertebrate species (Young et al., 1999). In some 
species, only a limited number of microsatellite markers may have been produced. 
In this case, the usual alternative is to use a fingerprinting technique, such as 
RAPD or AFLP. Although RAPD is technically less demanding than AFLP, the 
latter technique will produce more reproducible data, which will be easier to share 

http://dad.fao.org./
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between laboratories. The main interest of both techniques, is to use the same 
reagents, whatever the species studied. However, RAPD and AFLP produce bi-
allelic dominant types of markers and therefore, to achieve the same resolution 
power as with microsatellites or even SNPs, a higher number of markers will have 
to be studied.  

The microsatellites are the markers of choice for genotyping, because they 
are highly informative, distributed in the whole genome and because it is possible 
to amplify different regions simultaneously (Buchanan et al., 1994;MacHugh et 
al.,1997; Krüger, et al., 2002). 

At present, SNPs (Single Nucleotide Polimorphisms) represent the most 
innovative molecular markers in genotyping studies. On the other hand, recent 
advances in high-throughput DNA sequencing, computer software and 
bioinformatics have facilitated and improved the identification of SNP (Single 
Nucleotide Polymorphism).  SNPs represent one of the more interesting approach 
in animal identification because they are abundant in the genome, genetically stable 
and amenable to high-throughput automated analysis (Syvänen 2001). SNPs have 
been already employed in animal identification and paternity analysis in American 
and European beef and dairy breeds (Heaton et al. 2002; Werner et al. 2004) and 
in analysis on genetic distance (Werner et al., 2002).   

 
Genome mapping  
 

Advances in molecular biology techniques and the rapid development of 
DNA markers facilitated the development of comprehensive linkage maps of 
livestock species cattles, sheeps, goats, pigs, chicken (Ellegren et al., 1994; Rohrer 
et al., 1996 and 1998). 

Genetic maps are constructed on the basis of two classes of molecular 
markers: Type I markers that represent the evolutionary conserved coding 
sequences (classical RFLPs), are useful in comparative mapping strategies where 
polymorphism is not necessary. The type II markers (SSR and STMS) have higher 
polymorphism information content (PIC) than conventional RFLPs, can be 
generated very easily and rapidly and are more useful to produce gene maps. 

The opening stage of endeavour  at the construction of a genetic map for the 
chicken genome dates far back as 1936 (Fillion, 1998). Since then were established 
and corresponding maps were constructed, which resulted in a consensus map for 
the chicken genome (Bumstead and Palyga, 1992; Crittenden et al., 1993; Cheng 
et al., 1998; Groenen et al., 2000).  The first reported map in livestock was for 
chicken in 1992, which was quickly followed by the publication of maps for cattle, 
pigs and sheep. Since then, the search for useful markers has continued and further 
species have been targeted, including goat, horse, rabbit and turkey (Guimaraes, 
2007). The current status of the genomic maps for cattle, sheep,  pig and chicken 
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are mapped over 1500 loci in cattle, 370 in sheep, 260 in goat, 640 in pig, 580 in 
chicken (Haley and de Koning, 2006). Information obtained through the 
sequencing of the entire genome, achieved for chickens and cattle (Elsik et al.2009; 
Liu  et al.2009; Zimin et al.2009), integrated with SNP technology, will speed up 
the search for genes.  One of the big surprises from the research was the discovery 
that cattle have far more in common genetically with humans than mice or rats 
have with humans.  This suggests that cattle may make better subjects for studying 
human health. Scientists estimate that the cattle genome contains approximately 22 
000 genes, 80 per cent of which are shared with human beings.  In addition to 
helping medical researchers gain insight into the human genome and thereby 
develop improved ways of treating and preventing disease, the bovine genome 
sequence will serve as a tool for agricultural researchers striving to improve health 
and disease management of cattle and enhance the nutritional value of beef and 
dairy products. Like humans and other mammals, the chromosomes of cattle 
contain segmental duplications, which are large, almost identical copes of DNA 
present in at least two locations in a genome. 

Genetic maps of livestock genomes have been applied in several linkage 
studies to map loci and genes that underlie genetic variance of economically 
important traits (Jungerus et al.,2003,2004; Jungerius,2004; Guimaraes, 2007).  

 
Quantitative Trait Loci  

 
Following Sax (1923), many methods have been developed in the literature 

for detecting quantitative trait loci (QTL) using marker information.  
Quantitative genetics is based on an assumption that performance of 

livestock results from effects of multiple genes at multiple loci, all of which have 
small, additive effects on performance. This is known as polygenic inheritance. 
Production traits show a continuous distribution of phenotypic values rather than 
discrete phenotypic values and are therefore referred to as quantitative traits. They 
are controlled by multiple genes and may be influenced by several environmental 
factors. Genes influencing quantitative trait can be identified through two different 
strategies: the candidate gene approach and the whole genome scan approach. 

The candidate gene approach applies previous knowledge about the 
functions of genes to select those genes that might be involved in the trait of 
interest. The selected candidate genes are tested for association with the trait or 
phenotype. The candidate gene approach has particularly been successful for 
relatively simple traits with only few genes involved in different species – cattles, 
pigs, chicken (Kijas et al., 2001; Bradley et al., 2007; Leyva-Baca et al., 2007; 
Rao et al., 2007; Halabian et al.,2008).  

The myostatin (MH) locus which contains a series of mutations which 
disrupt the myostatin function, detected in several European cattle breeds causing 
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muscular hypertrophy (Georges et al., 1998). Rohrer and Keele (1998), Rohrer 
(2000), Jungerus et al. (2003, 2004) reported of Identification of quantitative trait 
loci affecting carcass composition in swine. 

In the whole genome scan approach, a large number of genetic markers 
RFLP, microsatellites or other similar molecular systems (Beattie, 1994) from 
across the genome is analysed to observe segregation of chromosomal segments 
through a pedigree. Many studies have demonstrated that individual loci affecting 
quantitative traits (QTL) can be detected via linkage to genetic markers (Beever et 
al., 1990; Andersson et al., 1994;  Georges et al., 1995;  Ashwell et al., 1997). By 
analyzing the co-segregation of the phenotypic trait or value with certain 
chromosomal segments in an experimental population, chromosomal regions 
harbouring genes affecting a quantitative trait can be identified and is referred to as 
a quantitative trait locus (QTL) (Andersson et al., 1994; Geldermann et al. 1996; 
Bovenhuis et al., 1997). 

In several studies, different experimental crosses have been used to detect 
QTL regions 
for fatness and meat quality traits in pigs (Andersson et al., 1994; Knott et al., 
1998; Rohrer and Keele, 1998; Walling et al., 1998; Wang et al., 1998; de Koning 
et al., 1999; Jeon et al., 1999; Rohrer et al., 2000; Rattink et al., 2000; Pérez-
Enciso et al., 2000; Wada et al., 2001; Bidanel et al., 2001; Malek et al., 2001; 
Bidanel and Rothschild, 2002). 

To date, the markers used in genome scans are almost exclusively 
microsatellite markers, which occur once every 30 to 46 kb in pigs (Winterø et al, 
1992; Archibald et al., 1995).  SNP markers are far more abundant with an 
occurrence of about 1 SNP per kb in humans (Wang et al., 1998) and about 1 SNP 
per 500 bp in mice (Lindblad-Toh et al., 2000) and cattle (Heaton et al., 2001).  
Because of their abundance SNPs have high potential for detailed haplotype 
analysis and application in association studies. In addition, SNPs are more suitable 
for association studies because they are almost exclusively identical by descent 
because of their relatively low mutation rate. 

 In dairy cattle the loci responsible for milk production and protein and fat 
content have received considerable attention.  Initially, milk yield and protein 
quantity were linked to chromosomes 14 and 21 by Coppieters et al. (1998) and 
Vaiman (1999) respectively, which led to further work and the discovery of five 
possible regions associated with milk and protein yield, fat and protein percentage 
and milk yield. Potential QTL for fat percentage and yield and protein percentage 
were recently reported for chromosomes 3 and 6 respectively (Ashwell et al., 
2002). Conformational type traits, associated with milk yield have been found on 
chromosome 27 (Ashwell et al., 1998; Sonstegard et al., 2001).  

As growth and disease are of economic importance for poultry breeders, 
these traits have been emphasized in the search for QTL. Van Kaam et al. (1998) 

http://www.ejbiotechnology.info/content/vol1/issue2/full/4/#15#15
http://www.ejbiotechnology.info/content/vol1/issue2/full/4/#4#4
http://www.ejbiotechnology.info/content/vol1/issue2/full/4/#5#5
http://www.ejbiotechnology.info/content/vol1/issue2/full/4/#5#5
http://www.ejbiotechnology.info/content/vol1/issue2/full/4/#2#2
http://www.ejbiotechnology.info/content/vol1/issue2/full/4/#14#14
http://www.ejbiotechnology.info/content/vol1/issue2/full/4/#3#3
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tested 368 markers, scanning the whole chicken genome in their search for QTL 
affecting body weight in the chicken and identified chromosome 1 as the most 
likely position. Further work on mapping QTL for growth and fatness on chickens 
is underway (Jacobsson et al., 2002). The HMGI-C gene has also been identified 
as a candidate gene for the adw locus or autosomal dwarf gene in the chicken, 
which is of importance in the broiler breeding stock programmes (Ruyter-Spira et 
al., 1998).  

The searching for QTL in swine is reported in various studies (Rohrer and 
Keele, 1998; Wang et al., 1998).  

 
Marker assisted selection (MAS) 

 
 Most of the traits considered in animal breeding programmes are 

quantitative. They are controlled by many genes as well as are influenced by 
environmental factors. The underlying genes have small effects on the phenotype 
observed. In conventional breeding programmes, selection is carried out based on 
phenotypic traits. There is no knowledge which genes are being selected. The 
concept of marker assisted selection (MAS), utilizing the information of 
polymorphic loci as an aid to selection, was introduced as early as in 1900s (Luo et 
al.1997). With the advent of DNA-based genetic markers in the late 1970s, and 
their subsequent use to detect associations with traits of interest, thus allowing 
MAS to become a reality. 

 MAS is a form of indirect selection and their accomplishment includes two 
steps: identification of the marker loci that is linked to QTL of economic 
importance and utilization of linkage association in genetic improvement 
programme. The association between the markers and the QTL is dependant on the 
distance between the markers and bull traits, type of linkage phase, and degree of 
linkage disequilibrium. MAS is leading to increased rate of genetic improvement 
through higher selection intensity, reduction of generation interval, increase in the 
accuracy of prediction and selection in early age for sex-limited traits.  

The DNA marker maps which contain many markers of known location, 
interspersed at relatively short intervals throughout the genome, constructed for a 
range of economically important agricultural species provides successful 
realization of MAS (MagHugh et al., 1994; Young, 1999). After Dekkers (2004) 
there are three kinds of relationship between the markers and the genes of interest: 

1. The molecular marker is located within the gene of interest. This is the most 
favourable situation for MAS which is named gene-assisted selection 
(GAS).      

2. The marker is in linkage disequilibrium  (LD) with target trait throughout 
the whole population. Selection using these markers is called LD-MAS. 
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3. The marker is in linkage equilibrium (LE) with production trait in the whole 
population. Selection using these markers is refer as LE-MAS and is the 
most difficult situation for applying MAS. 
Dekkers (2004) recently reviewed commercial applications of MAS in 

livestock and concluded that opportunities for the application of MAS exist, in 
particular for GAS and LD-MAS and, to a lesser degree, for LE-MAS because of 
greater implementation requirements.  

Successful application of MAS in breeding programmes requires advances 
in the following five areas (Dekkers and Hospita, 2002; Guimaraes et al., 2007): 

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

2. 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. 

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

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

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

  Most studies in cattles have considered the five economic milk production 
traits: milk, fat and protein production, and fat and protein concentration, although 
a number of studies have also considered somatic cell score (SCS), female fertility, 
herd life, calving traits, health traits, temperament and conformation  traits.  
Genome scans have been completed for Holsteins from Canada (Nadesalinga et 
al., 2001), the Netherlands (Spelman et al., 1996; Schrooten et al., 2000),  France 
(Bennewitz, et al., 2003; Boichard et al., 2003), Germany (Bennewitz, et al., 2003),  
New Zealand (Spelman et al., 1999),  the United States (Georges et al., 1995; 
Ashwell et al., 1996, 1997, 1998, 2004; Zhang et al., 1998; Ashwell and Van 
Tassell, 1999; Heyen et al., 1999 Ashwell, Van Tassell and Sonstegard, 2001), 
Finnish Ayrshires (Viitala et al., 2003; Schulman et al., 2004),  French Normande 
and Montbeliarde cattle (Boichard et al., 2003),  Norwegian cattle in Norway 
(Klungland et al., 2001; Olsen et al., 2002) and Swedish Red and White (SRB) 
(Holmberg and Andersson- Eklund, 2004).  

DNA polymorphisms that occur in and around the structural and/or 
regulatory sequences of a gene of physiological significance (hormone genes, milk 
protein genes, MHC) may directly affect gene expression and contribute to the 
phenotypic variations among the individuals in terms of productivity and health 
(disease resistance/susceptibility) in sheep, goat, chicken (Barillet, 1997; , Erceg, 
Petrovic and Alavantic, 1999; Hickford et al., 2004;  Dekkers 2004; Barillet, 
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Arranz and Carta, 2005; Olivier et al., 2005; Dominik, 2005; Davis, 2005; McRae 
et al., 2005; Zhou et al., 2005). Consequently, such DNA polymorphisms, 
occurring in the genes which already have a priori possibility to be associated or 
closely linked with the performance trait of importance, can be selected as markers 
(Georges et al, 1995; Georges et al, 1998; Haley and de Koning, 2006). 

 
Conclusion 

 
The widespread use of molecular markers offers a great potential to 

improve efficiency of animal breeding.  Economically important traits are 
regulated by the combination of genes and the environment. Genetic markers are 
tags along the chromosome and can be used to identify the region, or loci, where 
the genes of interest are situated. New molecular genetic technologies will improve 
the use of preserved stocks and aid in assessing genetic distance and variation. 
Individual animals could be selected for breeding and preservation based on 
specific knowledge of their genotypes. As we understand more about the genome 
and how complex traits are controlled, and as our toolbox of techniques and 
methodologies grows and improves, we will increasingly be able to enhance 
genetic improvement of livestock as well as the management of livestock 
production and development of high quality products. The purpose is to use 
genomic information in either, functional genomics studies or in marker assisted 
selection to improve the efficiency in animal breeding schemes. 

 
Primena molekularnih markera u napretku stočarstva  
 
A.Teneva, M. P. Petrović 

 
Rezime 
 

Sa razvojem DNK tehnologija, veliki broj genetskih polimorfizama na 
nivou DNK sekvence su predstavljene poseldnjih godina pod nazivom DNK 
markeri. Otkriće novih klasa DNK markera je olakšalo razvoj marker gena, 
kloniranja gena od važnosti u stočarstvu i to na bazi mapa, ispitivanje 
varijabilnosti, filogenetske analize, mapiranja, selekcije poželjnih genotipova 
pomoću markera, itd. Markeri na bazi DNK koji se najčešće koriste imaju prednost 
u odnosu na tradicionalne fenotiske i biohemijske markere jer obezbeđuju podatke 
koji se mogu objektivno analizirati. U ovom radu su predstavljeni načini korišćenja 
i aplikacija molekularnih markera u postojećim odgajivačkim strategijama odn. 
napretku stočarstva – određivanje porekla, ocena genetske distance, genetskog 
diverziteta, mapiranje gena i selekcija pomoću markera.  
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