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Abstract

Teneva, A. & Dimitrova, I. (2021). Application of DNA markers for the assessment and characterization of genetic 
resources in sheep breeding. Bulg. J. Agric. Sci., 27 (6), 1238–1247

This review summarizes the advances in molecular biotechnology for characterization of AnGR in sheep breeding. The 
review gives a brief summary on the development of genetic markers including both the classical genetic markers and more 
advanced DNA-based molecular markers – new generations of molecular markers for use in the genetic improvement of sheep 
breeds. This will help better understanding the characteristics of different genetic markers and the genetic diversity of sheep 
genetic resources.

In this review, we focus on the introduction of the most important DNA-based markers, and their various applications in 
characterizing sheep animal genetic resources (AnGR).
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Introduction

The development of every farm breeds has led to each 
having its own specific genetic characteristics that consti-
tutes the genetic diversity of the population. These special 
animal genetic resources develop animal production for hu-
man food needs. 

For evaluating the genetic structure and diversity of 
sheep populations various genetic markers are used. In pre-
vious studies morphological markers, biochemical markers, 
such as proteins and isozymes, were utilized. 

With the rapid development of modern biotechnology, 
many different conventional DNA-based molecular markers 
had been used in sheep populations for assessment of ge-
netic diversity – RFLP (Restriction Fragment Length Poly-
morphism), RAPD (Random Amplified Polymorphic DNA), 
AFLP (Amplified Fragment Length Polymorphism) and 
SSR (Microsatellite DNA).

Nowadays novel strategies such as whole genome SNP 
chips and DNA barcoding have developed. The conventional 

and the latest DNA – based molecular markers assure much 
more precise and reliable information for the assessment of 
genetic diversity than previous markers. 

Knowledge of the genetic diversity of livestock species 
and sheep in particular is important to maximize the poten-
tial of genome-wide association studies, and genomic pre-
diction, conservation, management and use of Animal Ge-
netic Resources (AnGR) (Fernández et al., 2011; Al-Mamun 
et al., 2015). 

Genetic markers applied to AnGR assessments in 
sheep breeding

There are two main types of conventional genetic mark-
ers used to evaluate genetic diversity: morphological and 
molecular markers.

Morphological markers
Morphological markers refer to the external animal 

characteristics of sheep. They are used in the identification, 
classification, and characterization of genetic evolution of 
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different sheep populations (Gizaw et al., 2007). However 
the application of morphological markers is limited in the 
evaluation of quantitative traits. Only those traits that are 
controlled by a single locus can be used for morphological 
markers and their expression is reproducible, regardless of 
environmental conditions.

The molecular markers in turn are divided into:
1. Biochemical markers – variations in protein mole-

cules;
2. Molecular (DNA markers) – related to differences in 

DNA structure.
Genetic markers are used to characterize:
1. Phenotypic diversity (phenotypic traits);
2. Chromosomal diversity (at the karyotype level);
3. Iimmunological diversity (blood groups, HLA anti-

gens);
4. Protein diversity (isoenzymes);
5. DNA diversity of sheep populations (polymorphism of 

DNA sequences).
Modern trends in sheep breeding include the use of new 

molecular methods – DNA based markers on the applica-
tion of DNA technologies, thus providing the industry being 
profitable and competitive.

Molecular markers (DNA based markers) 
A molecular marker is based on the nucleotide sequence 

mutations within the individual’s genome. They are the most 
reliable markers available. Molecular markers are used for 
evaluation of genetic variations at the DNA level between 
different populations and individuals that is taking place rap-
idly and directly. Molecular markers are developed quickly, 
and they are become more and more informative (Vignal et 
al., 2002; Liu & Cordes, 2004). Existing polymorphisms in 
the genome of organisms allow them to be used as markers to 
identify and distinguish representatives of the same species, 
as well as to breed and interspecific differentiation. Markers 
linked to a specific trait can be used to diagnose it in early 
stages, and based on its established localization on a specific 
chromosome to construct genetic maps (Albert et al., 1994; 
Stein et al., 1996). Marker’s selection in small AnGR is an 
important trend in practical genetics (Marker Assisted Selec-
tion – MAS), suggesting the use of DNA markers associated 
with productivity traits trough genotyping and creation of 
genetic cards (Vignal et al., 2002).

RFLP (Restriction Fragment Length  
Polymorphism)

RFLP is a method based on the detection of different 
length fragments obtained by restriction of genomic DNA 

with a specific endonuclease enzyme. Genomic DNA re-
striction results in DNA fragments whose length and number 
may vary between species or breeds. The disadvantage of 
this technique is the need to use a large amount of DNA (5-
10 μg), as well as the complicated procedurally and materi-
ally methodology.

In general, the RFLP technique is inferior to the cur-
rent methods for genotyping of genetic resources like PCR 
(Polymerase Chain Reaction) because of the aforementioned 
considerations and because of the lower level of polymor-
phism than other DNA marker systems – SSR and AFLP. 
Despite of lower level of polymorphism compared to other 
DNA marker systems (SSR and AFLP) and the methodolog-
ical limitations mentioned above, RFLP markers have been 
successfully applied in genetic resources research in animal 
husbandry. After first use to map the human genome (Bot-
stein et al., 1980), they have been successfully applied in 
sheep (Montgomery et al., 1988).

Although their limited use, RFLP markers also serve as 
an important tool for evaluating genetic diversity within and 
across species (Old & Primose, 1998). Until 1995 RFLP 
markers have been identified for a total of 86 loci in the 
sheep genome (Ovis aries), 54 of them mapped to 16 differ-
ent chromosomes (Montgomery et al., 1995). 

Genetic diversity has been reported in Australian Merino 
sheep by Parsons et al. (1996)   using 22 polymorphic marker 
lengths of restriction DNA fragments. Based on 6 microsat-
ellites and 2 RFLP markers (associated with prolactin and 
β-lactoglobulin loci), Jandurovà et al. (2005) have studied 
the level of genetic variation in 3 indigenous sheep breeds 
from the Czech Republic and Slovakia.

In the last years many investigations have been done on 
polymorphism of different sheep genes and their relationship 
with productive traits using PCR –RFLP. A link between 
RFLP markers and some QTL in sheep has been reported by 
Mukberjee et al. (2006).

To analyze polymorphism in CAST and CPLG genes 
in sheep by PCR-RFLP method in Slovakia, Gábor et al. 
(2009) used 96 sheep of Tsigai, improved Valachian, East 
friesian, Lacaune breeds as well as  the crossbreds Lacaune 
and Tsigai. In the total population of sheep, authors detected 
homozygous genotype MM – 0.87, heterozygous genotype 
MN – 0.13 for calpastatin gene. Homozygous genotype NN 
has not been observed. For the callipyge gene only homozy-
gous genotype AA was identified. The heterozygous geno-
type AG and homozygous genotype GG were not detected.

The PCR-RFLP technique can be used to genotype indi-
viduals in cases where single nucleotide polymorphisms are 
localized in a restriction site, whereby after fragmentation by 
the respective enzyme specific fragments are generated, the 
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fractionation of which is most commonly performed elec-
trophoretically (Vignal et al., 2002). Based on PCR-RFLP 
analysis, genetic diversity was characterized and genetic 
distances were established for different native sheep breeds 
from China (Xianglong et al., 2007); Egypt (Abdel-Rahman 
et al., 2010); Indonesia (Prayitno et al., 2011) and others.

Candidate gene analysis with influence on sheep produc-
tivity traits and their subsequent application for accelerated 
selection – the so-called Marker-Assisted Selection (MAS) 
has been made by many authors in different countries.

Сalpastatin Gene in Crossbreed Dalagh Sheep was in-
vestigated by Khederzadeh (2011), as well as in Zandi sheep 
(Khederzadeh et al., 2016) and in Zel sheep population of 
Iran (Gharahveysi et al., 2012).

Malewa et al. (2014) studied the growth hormone gene 
polymorphisms of Indonesia fat tailed sheep and their rela-
tionship with growth traits. 

Cauveri et al. (2014) detected allelic polymorphism of 
exon 3 of leptin gene in Nilagiri sheep.

Subsequently, the analyzes of polymorphism in different 
genes of various breeds of sheep continued – like the analysis 
of Polymorphism of Caplstatin and Callipyge Genes in Sau-
di Sheep Breeds (Saleha, 2015), polymorphism of the GDF9 
Gene in Russian Sheep Breeds (Kolosov et al., 2015), poly-
morphism in DGAT1 Gene in Lori Sheep Breed (Nanekarani 
et al., 2016), genetic diversity of myostatin and calpastatin 
genes in Zandi sheep (Khederzadehet al., 2016), Toxoplasma 
gondii Type I, predominant genotype from sheep in South of 
Iran (Armand et al., 2017), genetic polymorphism in growth 
differentiation factor 9 (GDF9) gene related to fecundity in 
two Egyptian sheep breeds (El Fiky et al., 2017).

For evaluation of genetic variability which is an import-
ant element in conservation of genetic resources and breed-
ing strategies a lot of studies have been done using RCR-
RFLP markers in different sheep populations in Bulgaria.

Nakev et al. (2013) investigated the growth and develop-
ment of skeletal muscle in connection with the expression of 
the myostatin gene (MSTN).

Georgieva et al. (2015) performed molecular analysis of 
ovine calpastatin (CAST) and myostatin (MSTN) genes in 
Synthetic Population Bulgarian Milk sheep. 

Bozhilova-Sakova et al. (2016), and Dimitrova and 
Bozhilova – Sakova (2016) analysed the Ovine Myosta-
tin (MSTN) and Callipyge (CLPG) in Karakachan sheep 
breed in Bulgaria. The same authors (2016) investigat-
ed the polymorphism in another gene – CAST Gene in 
Karakachan Sheep Breed. The last study showed absence 
of polymorphism in the Calpastatin gene in the studied 
population.

Dimitrova et al. (2016) investigated Ovine Myostatin 
(MSTN) in Northeast Merino sheep.

Bozhilova-Sakova & Dimitrova (2017), Dimitrova et 
al. (2017) through PCR-RFLP analysed three sheep genes 
CAST, MSTN and Callipyge genes in meat sheep breeds – Il 
de France sheep breed and Karnobat Merino sheep breeds.

Dimitrova et al. (2019) studied MSTN in Caucasian me-
rino, Ascanian merino and reared in Bulgaria.

Bozhilova-Sakova et al. (2019) investigated the poly-
morphisms on ABCG2 and AA-NAT genes in different 
sheep breeds in Bulgaria.

Hristova et al. (2012) performed a review of the main the 
DNA markers and their application in animal breeding. 

AFLP (Amplified Fragment Length  
Polymorphism)

AFLP technique first described by Vos et al. (1995) is 
one of the most powerful DNA fingerprinting techniques 
that could be used for genome studying. This method was 
used for molecular mapping, assessing genetic diversity, 
construction QTL maps, studying family relationship, as-
sessing population genetic parameters and conservation of 
genetic pools in animals (Mueller et al., 1999). The AFLP 
technique provides an efficient marker system for revealing 
polymorphic loci and for linkage map construction. 

Based on 16 EcoRI / TaqI primer combinations, San-
gang et al. (2008) identified a total of 226 polymorphisms 
along the amplified fragments in 24 individuals of the thin-
skinned Chinese Xinji sheep breed.

Because of the dominant type of inheritance, AFLP 
markers are not particularly suitable for the study of in-
tra-breed diversity, but are highly informative in examin-
ing the relationships between different breeds of a species 
(Ajmone-Marsan et al., 2002), and those between closely re-
lated species (Buntjer et al., 2002). Despite some drawbacks, 
AFLP markers are widely used for genotyping and mapping 
of different sheep breeds (Fei et al., 2009; Anila et al., 2010; 
Mirhoseini et al., 2012).

Microsatellites (SSR – Simple Sequence  
Repeats)

Microsatellites are short (1-6 nucleotides), repeating 
monomeric sequences of type (AT) n, (GC) n, (ATT) n, etc. 
Di- and tetranucleotide repeats occur predominantly in the 
non-coding regions, whereas 57% of the trinucleotide re-
peats occur in regions in or around genes. Their use as DNA 
markers is facilitated by their codominant nature and by a 
quick and easy method of detection.
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For the detection of microsatellite alleles a fragment 
analysis by capillary electrophoresis on automatic sequencer 
is used. In this case, multiplex PCR is possible. The method 
allows the analysis of several loci in one gel at a time, with 
minimal amounts of sample DNA (10-100 ng) for analysis, 
and allelic lengths can be determined with a high degree of 
accuracy (Adam-Blondon et al., 2004).

The advantages of microsatellite markers over RAPD 
markers are expressed both in their significantly higher re-
liability in terms of stability and repeatability of the results 
obtained, as well as in the higher level of polymorphism and 
codominant type of inheritance.

In recent years, a number of studies have demonstrated 
the close location of some microsatellite loci with candidate 
genes in terms of quantitative traits or so-called Quantitative 
Trait Loci (QTL). Two microsatellite markers – BM1329 and 
OarAE101 are associated with the (closely localized to) Fe-
cundity (FecB) gene localized on chromosome 6 in the sheep 
genome, have been used to indirectly identify this gene in 
different sheep breeds (Weimann et al., 2001; Nowak and 
Charon, 2001).

Microsatellites have been extensively used as DNA 
markers in genetic studies in various sheep breeds (Buchan-
an et al., 1994; Parsons et al., 1996; Canon et al., 2001; Al-
tarayrah et al., 2007; Bozzi et al., 2009; Ceccobelli et al., 
2009; Tolone et al., 2012).

SSRs markers were applied in sheep breeding in relation 
to animal paternity testing, defining the genetic structure of 
populations, assessing genetic diversity within and between 
breeds, and establishing of phylogenetic relationships (Ma-
cHugh et al., 1994; Ritz et al., 2000). These types of marker 
systems have also been successfully implemented for genet-
ic mapping and QTL mapping (Hiendleder et al., 2003; Kühn 
et al., 2003). Over 1000 microsatellite markers have been 
mapped in sheep (Maddox et al., 2001).

Microsatellite markers are of greatest use in assessment 
of genetic diversity in sheep. Founded in 1989 by Weber 
May, microsatellite known as Short Tandem Repeats (STRs) 
or Simple Sequence Length Polymorphisms (SSLPs) in re-
cent years are the most popular markers for genetic research 
in livestock. SSR Analysis is the “Gold” Standard Method 
for Studying Sheep Breeding Genetic Diversity (Tolone et 
al., 2012; Sheriff and Alemayehu, 2018).

Kusza et al. (2008) performed a comparative study of 
41 sheep populations from 8 Central and Eastern European 
countries, including 5 Bulgarian sheep breeds: 2 Tsigai sheep 
populations (Rhodopes and Stara Planina Tsigai), 2 Marishki 
(Byala and Vakla ), Pleven Black-headed. In the study, the 
genetic structure and diversity of the breeds was estimated 
on the basis of 16 microsatellite markers, and based on the 

dendrograms concerning the Bulgarian breeds, the authors 
conclude on the genetic similarity between the two Tsigays-
ki and respectively between the Marishka sheep populations 
and the Pleven Black-headed breed population identified as 
genetically unique based on SSR markers.

Hristova et al. (2014; 2017) reported the microsatellite 
based genetic diversity and population structure of seven 
Bulgarian indigenous sheep breeds (Breznishka, Sofiiska, 
Copper-Red Shumenska, Karakachanska, Local Karnobats-
ka, Blackhead Plevenska and Starozagorska). The greatest 
distance (0.643) was found between the populations Lo-
cal Karnobatska and Starozagorska, while the smallest one 
(0.108), between the Copper-Red Shumenska and Karak-
achanska. The constructed phylogenetic tree based on Neigh-
bour-Joining method separates the investigated sheep breeds 
into two main clusters: one including Blackhead Plevenska 
Breznishka and Local Karnobatska, and the other one con-
sisting of the four remaining breeds – Copper-Red Shumens-
ka, Karakachanska, Sofiiska and Starozagorska sheep.

A number of studies have been conducted in anoth-
er European countries such as Spain (Dies-Tascon et al., 
2000; Arranz et al., 2001; Alvarez et al., 2004; Rendo et al., 
2004; Legaz et al., 2008); Slovakia (Kusza et al., 2009); It-
aly (Pariset et al., 2003; d‘Angelo et al., 2009); Switzerland 
(Stahlberger-Saitbekova et al., 2001); Austria (Baumung et 
al., 2006); Baltic Republics – Lithuania and Estonia (Tapio 
et al., 2005a); Northern Europe (Tapio et al.,005b). 

Similar studies have been conducted in the Balkan coun-
tries – Greece (Ligda et al., 2009); Serbia (Cinculov et al., 
2008a); Slovenia and Croatia (Ivancovic et al., 2005); Al-
bania and Kosovo (Hoda et al., 2009). Population structure 
and genetic diversity studies in sheep based on SSR markers 
have also been conducted in multinational studies, such as 
Peter et al. (2007) covering 57 breeds of sheep from 15 dif-
ferent countries (12 European and 3 from the Middle East 
– Egypt, Saudi Arabia and Turkey), by Handley et al. (2007) 
– 29 breeds from Greece, Croatia, Italy, Spain, France, Ro-
mania, Hungary, Czech Republic, Germany, etc. of Kusza et 
al. (2011), with a range of 13 breeds from Croatia, Serbia, 
Romania and Turkey.

SNP (Single Nucleotide Polymorphism)

Single Nucleotide Polymorphisms represent the most 
common DNA markers in the human genome. One SNP is 
observed on average once every 1000 sun (Brookes, 1999). 
According to Brookes (1999), SNPs represent single base 
positions in genomic DNA in which different alternative nu-
cleotide sequences (alleles) exist. All SNP Genotyping Tech-
niques Denaturing Gradient Gel Electrophoresis (DGGE), 
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Single Strand Conformation Polymorphism (SSCP), Cut 
Length Fragment Polymorphisms, Cleavage Fragmentation 
Analysis Heteroduplex Analysis (HA), Denaturing High 
Performance Liquid Chromatography (DHPLC), Direct 
Sequencing, and more have been successfully applied to 
characterization of genetic resources in animal husbandry, 
the prior information on the sequence of the respective poly-
morphic sites being essential (http://cgil.uoguelph.ca/QTL/
SNPs.htm).

SSCP has been successfully used as a method for the 
study of genetic diversity in milk protein and growth hor-
mone genes in native Portuguese sheep to create a breeding 
program based on marker selection (Bastos et al., 2001)

SSCP has been successfully used as a method for the 
study of genetic diversity in milk protein and growth hor-
mone genes in native Portuguese sheep to create a breeding 
program based on marker selection (Bastos et al., 2001).

New sequencing methods are much more effective 
in identifying genetic variation within large populations 
(Todorovska et al., 2010).

Of the listed methods for detecting new SNP tags, the 
most used and accurate, though expensive and time consum-
ing method is the Direct Sequencing. Compared to tradition-
al Sanger-based sequencing methods, DNA sequencing by 
synthesis (SBS technology) is emerging to be the next gener-
ation of DNA sequencing, much more efficient and with sig-
nificant genetic representation research (Fuller et al., 2009).

Several studies have investigated accuracy of geno-
type imputation and its impact on the accuracy of genom-
ic selection in dairy and beef cattle through the adoption of 
high-density SNP panels, and more recently, whole-sequence 
data (Roberts, 2007; Su et al., 2008; Erbe, 2012; Hayes et al., 
2012; Ventura et al., 2014; Dodds et al., 2014; Bolormaa et 
al., 2015; Ventura et al., 2016; Brito et al., 2017). Heaton et 
al. (2014) identify parentage SNPs for use in globally di-
verse breeds and to develop a subset for use in North Amer-
ican sheep. Starting with genotypes of 2915 sheep and 74 
breed groups provided by the International Sheep Genomics 
Consortium (ISGC), they analyzed 47,693 autosomal SNPs 
by multiple criteria and selected 163 with desirable proper-
ties for parentage testing. On average, each of the 163 SNPs 
was highly informative (MAF≥0.3) in 48±5 breed groups. 

An effective and novel procedure for genotyping SNPs is 
DNA Microarray technology, which can screen more than 40 
000 sequences in a given genome at a time (Lipshutz et al., 
1998). By wrapping the SNP50 Beadchip, comprising about 
50 000 SNP markers, Kijas et al. (2009; 2012) genotyped 
2819 sheep specialized in different directions belonging to 
74 breeds from different continents (Asia, Africa, North and 
South America, Europe and Australia). The results obtained 

in this study reveal SNP polymorphism in over 90% of the 
studied loci, which is an indication of the high level of genet-
ic diversity in these sheep breeds compared to other breeds 
of animals.  African and Asian populations clustered sepa-
rately from breeds of European origin sampled from Aus-
tralia, New Zealand, Europe, and North America. The iden-
tification of a SNP subset is able to assign individuals into 
broad groupings demonstrates even a small panel of markers 
may be suitable for applications such as traceability.

Mitochondrial DNA (mtDNA) as a DNA marker

The mitochondrial genome shows a high degree of con-
servatism in various mammals. Due to the fact that mtDNA 
is inherited from the maternal lineage, and due to the lack of 
recombination processes between different genes in the mi-
tochondrial genome, most studies are devoted to establishing 
the origin and tracing the phylogenetic relationships between 
closely related species and between populations of the same 
species (Bruford et al., 2003). In one of the first studies in 
sheep based on mtDNA polymorphism, three distinct lines 
were reported – haplotype groups A, B and C.

Significant similarities in mitochondrial sequences have 
been found between the European mouflon (Ovis ammon 
musimon) and one of these haplotype groups (B) in domestic 
sheep (Hiendleder et al., 1998, 2002). An extensive study 
on 48 different sheep breeds from the regions of Europe, 
Caucasus and Central Asia was conducted by Tapio et al. 
(2006). This study identified 4 haplogroups of sheep in the 
Caucasus region (A, B, C, and D), 3 in Central Asia (A, B, 
and C) and 2 in Europe (A and B), and the results confirm 
historical assumptions for the migration of some breeds of 
domestic sheep from the Middle East through Russia into 
northern Europe.

The use of mtDNA polymorphisms as genetic markers 
for genetic diversity studies is limited. Based on a study of 
variability in the “D-loop” region of the mitochondrial ge-
nome, by the PCR-RFLP method, Xiaglong et al. (2007) 
found low level of genetic diversity (0.0421) in 9 Chinese 
aboriginal sheep breeds. Compared to nuclear DNA mark-
ers, the potential for error in the study of the genetic diver-
sity of populations is much greater when using mtDNA as a 
genetic marker. This is explained by the reported, although 
contradictory, data on mtDNA inheritance other than mater-
nal and paternal lineages (Zhao et al., 2004), as well as the 
likelihood of recombination processes, both intramolecular 
and between the genomes of individual mitochondrial lines 
(Piganeau et al., 2004).

There are several sheep breeds , which were recently 
characterized using mtDNA in Albania, Italia and Greece 
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(Hoda et al., 2010; 2014) and mtDNA in other countries 
(Cinkulov et al., 2008; Pariset et al., 2011; Dotsev et al., 
2019; Ganbold et al., 2019). 

Conclusion

These briefly review showed the role of DNA markers 
in different areas of sheep breeding – paternity testing, bio-
diversity and conservation of sheep AnGR. Integration of 
information from all sources along with a search for direct 
markers and finding their causative sites for the QTL is re-
quired. 

The new era of omics technology provides beneficial pro-
cessing as well as analysis and integration of a large amount 
of data. Thus  omics  technology will provide valuable in-
formation regarding the precision of selection of appropri-
ate molecular markers according to the goals of molecular 
investigation of sheep AnGR and include it in the Marker 
Genome Selection in the near future.

Acknowledgements
This research was part of the project КП-06-Н 26-

9/18.12.2018 (2018–2021) “Investigation of DNA markers 
associated with production in sheep breeds reared in Bulgar-
ia” financed by NSF – the Ministry of Education and Sci-
ence, Republic of Bulgaria.

References

Abdel-Rahman, S. M., El-nahas, A. F., Hemeda, S. A., El-fiky, 
S. A. & Nasr, S. M. (2010). Genetic Variability among Four 
Egyptian Sheep Breeds Using Random Amplified Polymor-
phic DNA (RAPD) and PCR-RFLP Techniques. Journal of 
Applied Sciences Research, 6 (1), 1-5.

Adam-Blondon, C. Roux, D. Claux, G. Butterlin, Merdinoglu, 
D. & This, P. (2004). Mapping 245 SSR markers on the Vitis 
vinifera genome: a tool for grape genetics. Theor. Appl. Gen-
et., 109, 1017–1027. 

Ajmone-Marsan, P., Negrini, R., Milanesi, E., Bozzi, R., Ni-
jman, I. J., Buntjer, J. B., Valentini, A. & Lenstra, J. A. 
(2002). Genetic distances within and across cattle breeds as 
indicated by biallelic AFLP markers. Animal Genetics, 33, 
280–286.

Alakilli Saleha, Y. M. (2015). Analysis of polymorphism of Ca-
plstatin and Callipyge Genes in Saudi Sheep breeds using 
PCR-RFLP technique. Int. J. Pharm. Sci. Rev. Res., 30(1), 
340-344.

Al Baumung, R., Cubric-Curik, V., Schwend, K., Achmann, R. 
& Solkner, J. (2006). Genetic characterisation and breed as-
signment in Austrian sheep breeds using microsatellitemarker 
information. J. Anim. Breed. Genet., 123, 265–271.

Albert, B., Bray, D., Lewis, J., Raff, M., Roberts, K. & Wat-

son, J. D. (1994). Molecular biology of the cell. Garland Pub-
lishing, Inc.

Al-Mamun, H. A., Samuel A .Clark, Kwan, P & Gondro, C. ( 
2015). Genome-wide linkage disequilibrium and genetic di-
versity in five populations of Australian domestic sheep. Gen-
et. Sel. Evol., 47, 90. doi:10.1186/s12711-015-0169-6

Altarayrah, A., Ligda, C., Georgoudis, A. & Econogene Con-
sortium (2007). Investigation of the genetic diversity of 
Greek sheep breeds using microsattelite markers. Proc. 3rd 
Joint Meeting of the Network of Universities and Research 
Institutions of Animal Science of the South Eastern European 
Countries, Thessaloniki, Greece, 10-12.

Alvarez, I., Royo, L., Fernandez, I., Gutierrez, J., Gomez, E. 
& Goyache, F. (2004). Genetic relationships and admixture 
among sheep breeds from Northern Spain assessed using mi-
crosatellites. J. Anim. Sci., 82, 2246-2252.

Anila, H., Ajmone-Marsan, P., Petrit, D., Vilson, B. & Econo-
gene Consortium (2010). Genetic diversity in Albanian 
sheep breeds estimated by AFLP markers. Albanian Journal 
of Agricultural Science, 2 (10), 23-29.

Armand, B., Solhjoo, K., Kordshooli, M. S., Davami, M. H., 
Pourahmad, M. & Orfaee, V. (2017). Toxoplasma gondii 
Type I, predominant genotype isolated from sheep in South of 
Iran. Vet. World, 10(4), 386–392. doi:10.14202/vetworld

Arranz, J., Bayoan, Y. & San Primitivo, F. (2001). Genetic 
variation at microsatellite loci in Spanish sheep. Small Rumin. 
Res., 39, 3-10.

Bastos, E., Cravador, A., Azevedo, J. & Guedes-Pinto, H. 
(2001). Single strand conformation polymorphism (SSCP) 
detection in six genes in Portuguese indigenous sheep breed 
“Churra da Terra Quente”. Biotechnology, Agronomy, Society 
and Environment, 5 (1), 7–15.

Bolormaa, S., Gore, K., van der Werf, J. H. J., Hayes, B. J. & 
Daetwyler, H. D.  (2015). Design of a low‐density SNP chip 
for the main Australian sheep breeds and its effect on impu-
tation and genomic prediction accuracy. Animal Genetics, 46 
(5), 544-556.

Bozhilova-Sakova, M. & Dimitrova, I. (2016). PCR-RFLP anal-
ysis of CAST gene in one Bulgarian sheep breed, Athens: 
ATINER’S Conference Paper Series, No: AGR2015-1824.

Bozhilova-Sakova, M. & Dimitrova, I. (2017). PCR-RFLP anal-
ysis of three genes associated with meat productivity in Il de 
France sheep breed. Proceedings of Scientific Conference 
with International Participation „Animal Science – Challeng-
es and Innovations”, 1 – 3 November 2017, Sofia, 332-341.

Bozhilova-Sakova, M., Dimitrova, I. & Petrov, N. (2019). In-
vestigation of polymorphisms on ABCG2 and AA-NAT genes 
in different sheep breeds in Bulgaria. Bulg. J. Agric. Sci., 
25(Suppl 1), 49–53. 

Bozhilova-Sakova, M., Dimitrova, I., Teneva, A. & Petrov, N. 
(2016). PCR-RFLP analysis of MSTN gene in Karakachan 
sheep breed. Bulg. J. Agric. Sci., 22, (Suppl 1), 115-117.

Bozzi, R., Degl’Innocentia, P., Rivera, P., Nardia, L., Crovet-
ti, A., Sargentinia, C. & Giorgetti, A. (2009). Genetic 
characterization and breed assignment in five Italian sheep 
breeds using microsatellite markers. Small Rumin. Res., 85, 
50–57.



1244 Atanaska Teneva and Ivona Dimitrova

Brookes, A. (1999). The essence of SNPs. Gene. 234 (2), 177-186.
Bruford, M. W., Bradley, D. G. & Luikart, G. (2003). DNA 

markers reveal the complexity of livestock domestication. Na-
ture Reviews Genetics, 4, 900–910.

Buchanan, F. C., Adams, L. J., Littlejohn, J. F., Maddox, J. F. 
& Crawford, A. M. (1994). Determination of evolutionary 
relationships among sheep breeds using microsatellites. Ge-
nomics, 22, 297-403.

Buntjer, J. B., Otsen, M., Nijman, I. J., Kuiper, M. T. & Lens-
tra, J. A. (2002). Phylogeny of bovine species based on AFLP 
fingerprinting. Heredity, 88, 46-51.

Canon, J., Alexandrino, P., Bessa, I. & Carleos, A. (2001). Ge-
netic diversity measures of local European beef cattle breeds 
for conservation purposes. Genet. Sel. Evol., 33, 311-332.

Cauveri, D., Sivaselvam, S. N., Karthickeyan, S. M. K. & 
Tirumurugaan, K. G. (2014). Allelic polymorphism of exon 
3 of leptin gene in Nilagiri sheep identified by sequencing and 
PCR-RFLP. International Journal of Science, Environment 
ISSN 2278-3687 (O) and Technology, 3, 951– 955.

Ceccobelli, S. E., Lasagna, V., Landi, A., Martinez, A. M. 
& Sardi, F. M. (2009). Genetic diversity and relationships 
among Italian Merino derived breeds assessed by microsatel-
lites. Ital. J. Anim. Sci., 8 (Suppl.3), 83-85.

Cinkulov, M., Popovski, Z., Porcu, K. & Tanaskovska, B. 
(2008). Genetic diversity and structure of the West Balkan 
Pramenka sheep types as revealed by microsatellite and mito-
chondrial DNA analysis. J. Animal Breed. Gen., 125, 417‐426.

d’Angelo, F., Albenzio, M., Sevi, A., Ciampolini, R., Cecchi, 
F., Ciani, E. & Muscio, A. (2009). Genetic variability of the 
Gentile di Puglia sheep breed based on microsatellite poly-
morphism. J. Anim. Sci., 87 (4), 1205-1209.

Dies-Tascon, C., Littlejohn, R., Almeida, P. & Crawford, A. 
(2000). Genetic variation within the Merino sheep breed: 
analysis of closely related populations using microsatellites. 
Anim, Genet., 31, 243–251.

Dimitrova, I. & Bozhilova-Sakova, M. (2016). PCR-RFLP anal-
ysis of Callipyge (CLPG) gene in Karakachan sheep breed. 
Bulg. J. Agric. Sci., 22, 3, 482–484.

Dimitrova, I., Bozhilova-Sakova, M., Ignatova, М. Geno-
va, K., Ivanova, T., Teneva, A., Stoikova-Grigorova, R. 
& Koutev, V. (2019). Study of the MSTN gene in sheep of 
Caucasian merino and Ascanian merino breeds in Bulgaria. 
Proceedings of International Congress on Domestic Animal 
Breeding, Genetics and Husbandry 2019 (ICABGEH-19), 
Prague, Czechia,  11 – 13 September, 2019 (ISBN: 978-605-
031-805-0), 203-206.

Dimitrova, I., Bozhilova-Sakova, М. & Iliev, M. (2017). Study 
of some genes associated with meat productivity in Karno-
bat Merino sheep breed using PCR-RFLP. IOSR Journal of 
Agriculture and Veterinary Science (IOSR-JAVS) e-ISSN: 
2319-2380, p-ISSN: 2319-2372. 10 (8) Ver. III (August 2017), 
61-65. 

Dimitrova, I., Bozhilova-Sakova, M., Stancheva, N. & Tzonev, 
T. (2016). Molecular analysis of Ovine Myostatin (MSTN) 
gene in Northeast Bulgarian Merino sheep breed using PCR-
RFLP method. Bulg. J. Agric. Sci., 22 (2), 315-317. 

Dodds, K. G., Auvray, B., Newman, S-A. N. & McEwan, J. 

C. (2014). Genomic breed prediction in New Zealand sheep. 
BMC Genet., 15, 92.

Dotsev, A. V., Kunz, E., Shakhin, A. V., Petrov, S. N., Kostyu-
nina, O. V., Okhlopkov, I. M., Deniskova, T. E., Barbato, 
M., Bagirov, V. A., Medvedev, D. G., Krebs, S., Brem, G., 
Medugorac, I. & Zinovieva, N. A. (2019). The first com-
plete mitochondrial genomes of snow sheep (Ovis nivicola) 
and thinhorn sheep (Ovis dalli) and their phylogenetic impli-
cations for the genus Ovis. Mitochondrial DNA Part B, 4:1, 
1332-1333, DOI: 10. 

El Fiky, Z. A., Hassan, G. M. & Nassar, M. I. (2017). Genet-
ic polymorphism of growth differentiation factor 9 (GDF9) 
genes related to fecundity in two Egyptian sheep breeds. 
J. Assist. Reprod. Genet., 34(12),1683–1690 https://doi.
org/10.1007/s10815-017-1007-2.

Erbe, M., Hayes, B. J., Matukumalli, L. K., Goswami, S., Bow-
man, P. J., Reich, C. M., Mason B.A. & Goddard, M.E. 
(2012). Improving accuracy of genomic predictions within 
and between dairy cattle breeds with imputed high-densi-
ty single nucleotide polymorphism panels. J. Dairy Sci.,95, 
4114–29.

Fei, X., Yong, F., Ting, S. & Jin-fu, W. (2009). Six local sheep 
breeds AFLP analysis of genetic diversity in Xinjiang. (Ab-
stract), www.cnki.com.cn. .

Fernández, J., Meuwissen, T. H., Toro, M. A. & Mäki-Tanila, 
A. (2011). Management of genetic diversity in small farm an-
imal populations. Animal, 5(11), 1684-98.

Fuller, C. W., Middendorf, L. R., Benner, S. A., Church, G. 
M., Harris, T., Huang, X., Jovanovich, S. B., Nelson, J. R., 
Schloss, J. A., Schwartz, D. C. & Vezenov, D. V. (2009). The 
challenges of sequencing by synthesis. Nature Biotechnology, 
27 (11), 1013-1023.

Gábor, Trakovická A. & Miluchová, M. (2009). Polymorphism 
of CAST gene and CPLG gene in sheep by PCR-RFLP meth-
od. Animal Sciences and Biotechnologies, 42 (2), 1-7.

Ganbold, O., Seung-HwanLee, Dongwon Seo, Woon Kee Pae, 
Prabuddha Manjulaa, Munkhbaatar Munkhbayar, Jun 
Heon Lee. (2019). Genetic diversity and the origin of Mon-
golian native sheep. Livestock Science, 220, 17-25.

 Georgieva, S., Hristova, D., Dimitrova, I., Stancheva, N. & 
Bozhilova-Sakova, M. (2015). Molecular analysis of ovine 
Calpastatin (CAST) and Myostatin (MSTN) genes in Synthet-
ic Population Bulgarian Milk sheep using PCR RFLP. Journal 
of BioScience & Biotechnology, 4 (1), 95-99.

Gharahveysi, S., Abbasi, H. A., Irani, M., Abdullahpour, R. 
& Mirhabibi, S. (2012). Polymorphism investigation of cal-
pastatin gene in Zel sheep population of Iran by PCR-RFLP 
method. African Journal of Biotechnology, 11(13), 3211-3214.

Gizaw, S., Van Arendonk, J. A. M., Komen, H., Windig, J. J. 
& Hanotte, O. (2007). Population structure, genetic variation 
and morphological diversity in indigenous sheep of Ethiopia. 
Anim. Genet., 38, 621–628.

Handley, L., Byrne, K., Santucci, F., Townsend, S., Taylor, M., 
Bruford, M. & Hewitt, G. (2007). Genetic structure of Euro-
pean sheep breeds. Heredity, 1–12.

Hayes, B. J., Bowman, P. J., Daetwyler, H. D., Kijas, J. W. & 
van der Werf, J. H. J. (2012). Accuracy of genotype imputa-



1245Application of DNA markers for the assessment and characterization of genetic resources in sheep breeding

tion in sheep breeds. Anim Genet., 43, 72–80.
Heaton, M. P., Leymaster, K. A., Kalbfleisch, Th. S., Kihas, J. 

W., Clarke, Sh. M., McEwan, J., Maddox, J. F., Basnay-
ake, V., Petrik, D. T., Simpson, B., Smith, T. P. L., Chit-
ko-Mckown, Ca. G. and International Sheep Genomics 
Consortium, (2014). SNPs for parentage testing and trace-
ability in globally diverse breeds of sheep. PLoS ONE 9(4): 
e94851. https://doi.org/10.1371/journal.pone.0094851

Hiendleder, S., Kaupe, B., Wassmuth, R. & Janke, A. (2002). 
Molecular analysis of wild and domestic sheep questions cur-
rent nomenclature and provides evidence for domestication 
from two different subspecies. Proc. R. Soc. Lond. B. Biol. 
Sci., 269, 893–904. 

Hiendleder, S., Mainz, K., Plante, Y. & Lewalski, H. (1998). 
Analysis of mitochondrial DNA indicates that domestic sheep 
are derived from two different ancestral maternal sources: 
no evidence for contributions from urial and argali sheep. J. 
Hered., 89, 113–120.

Hiendleder, S., Thomsen, H., Reinsch, N., Bennewitz, J., Ley-
hehorn, B., Looft, C., Xu, N., Medjugorac, I., Russ, I., 
Kühn, C., Brockmann, G. A., Blümel, J., Brenig, B., Re-
inhardt, F., Reents, R., Averdunk, G., Schwerin Förster, 
M. M., Kalm, E. & Erhardt, G. (2003). Mapping of QTL 
for body conformation and behaviour in cattle. J. of Heredity, 
94, 496-506.

Hoda, A., Ajmone‐Marsan, P., Dobi, P., Bozgo, V. & Consor-
tium, E. (2010). Genetic diversity in Albanian sheep breeds 
estimated by AFLP markers. Alb. J. Agric. Sci., 9, 23‐29. 

Hoda, A., Hysen, B. & Vilson, B. (2014). Genetic diversity of 
sheep breeds from Albania and Kosovo revealed by mtDNA. 
Journal of Endocytobiosis and Cell Research, 66-69.  

Hristova, D., Metodiev, S., Nikolov, V., Vassilev, D. & Todor-
ovska, E. (2017). Genetic variation of Bulgarian autochtho-
nous sheep breeds using microsatellite markers. Genetika, 
49(1), 247-258. DOI: 10.2298/GENSR1701247H

Hristova, D., Todorovska, E., Vassilev, D., Metodiev, S., Popov, 
I., Yablanski, Ts. & Zhelyazkov, E. (2014). Microsatellites 
based genetic diversity and population structure of seven Bul-
garian indigenous sheep breeds. Int. J. Curr. Microbiol. App. 
Sci., 3(10), 569-581.

Hristova, D., Yablanski ,Ts. & Todorovska, E. (2012). DNA 
markers and their application in animal husbandry. Animal 
Sciences, XLIX (6), 69-85 (Bg). ISSN 0514-7441 (print), 
ISNB 2534-9856 (online)

Jandurovà, O. M., Kott, T., Kottova, B., Czernekova, V. & 
Milerski, M. (2005). Genetic relationships among Sumava, 
Valachian and improved Valachian sheep. Small Ruminant Re-
search, 57, 157–165.

Khederzadeh, S. (2011). Polymorphism of Calpastatin gene in 
crossbreed Dalagh sheep Using PCR-RFLP. Journal Home, 
10 (5)3. http://dx.doi.org/10.5897/AJB11.265

Khederzadeh, S., Iranmanesh, M. & Motamedi-Mojdehi, R. 
(2016). Genetic diversity of myostatin and calpastatin genes 
in Zandi sheep. Journal of Livestock Science and Technolo-
gies, 4, 45-52.

Kijas, J.V, Lenstra, J. A., Hayes, B., Boitard, S., Porto Neto, L. 
R., San Cristobal, M., Servin, B., McCulloch, R., Whan, V., 

Gietzen, K., Paiva, S., Barendse, W., Ciani, E. & Interna-
tional Sheep Genomics Consortium (2012). Genome-wide 
analysis of the world’s sheep breeds reveals high levels of his-
toric mixture and strong recent selection. PLoS Biology, 10 
(2), e1001258.

Kijas, J.V., Townley, D., Dalrymple, B. P., Heaton, M. P., Mad-
dox, J. F.,McGrath, N, Wilson, E., Ingersoll, R. G., Mc-
Culloch, R., McWilliam, S., Tang, D., McEwan, J., Cock-
ett, N. & the International Sheep Genomics Consortium. 
(2009). A genome wide survey of SNP variation reveals the 
genetic structure of sheep breeds. PLOS ONE 4(3), e4668. 
https://doi.org/10.1371/journal.pone.0004668.

Kolosov, Yu, Getmantseva, L.V., Shirockova, N.V., Klimen-
ko, A, Bakoev, S Yu, Usatov, A.V., Kolosov, A.., Bakoev, 
N.F. & Leonova, M.A. (2015). Polymorphism of the GDF9 
gene in Russian sheep breeds. J. Cytol. Histol., 6, 305. 
doi:10.4172/2157-7099.1000305.

Kühn, C., Bennewitz, J., Reinsch, N., Xu, N., Thomsen, H., 
Looft, C., Brockmann, C. A., Schwerin, M., Weimann, 
C., Hiendleder, S., Erhardt, G., Medjugorac, I., Förster, 
M., Brenig, B., Reinhardt, F., Reents, R., Russ, I., Aver-
dunk, G., Blümel, J. & Kalm, E. (2003). Quantitative trait 
loci mapping of functional traits in the German Holstein cattle 
population. J. Dairy Sci., 86, 360-368.

Kusza, S., Gyarmathy, E., Dubravska, J., Nagy, I., Jávor, A. 
& Kukovics, S. (2009). Study of genetic differences among 
Slovak Tsigai populations using microsatellite markers. Czech 
J. Anim. Sci., 54(10), 468–474.

Kusza, Sz., Ivankovic, A., Ramljak, J., Nagyc, I., Jávor, A. & 
Kukovics, S. (2011). Genetic structure of Tsigai, Ruda, Pra-
menka and other local sheep in Southern and Eastern Europe. 
Small Rumin. Res., 99 (2–3), 130-134.

Kusza, S., Nagy, I., Sasvari, Z., Stagel, A., Nemeth, T., Molnar, 
A., Kumed, K., Bosze, Z., Javor, A. & Kukovics, S. (2008). 
Genetic diversity and population structure of Tsigai and Zack-
el type of sheep breeds in the Central-, Eastern- and South-
ern-European regions. Small Rumin. Res., 78, 13–23. 

Legaz, E., Alvarez, I., Royo, L., Fernandez, I., Gutiurrez, J. 
& Goyache, F. (2008). Genetic relationship between Spanish 
Assaf (Assaf.E) and Spanish native dairy sheep breeds. Small 
Rumin. Res., 80, 39–44.

Ligda, C., Altarayrah, J., Georgoudis, A. & Econogene Con-
sortium (2009). Genetic analysis of Greek sheep breeds us-
ing microsatellite markers for setting conservation priorities. 
Small Rumin. Res., 83, 42–48.

Lipshutz, R. J., Fodor, S. P. A., Gingeras, T. R. & Lockhart, 
D. J. (1999). High density synthetic oligonucleotide arrays. 
Nature Genetics, 21 (Supp. 1), 20–24.

Liu, Z. J. & Cordes, J. F. (2004). DNA marker technologies and 
their applications in aquaculture genetics. Aquaculture, 238, 
1 – 37.

Machugh, D. E., Loftus, R. T., Bradley, D. G., Sharp, P. M. & 
Gunningham, P. (1994). Microsatellite DNA variation within 
and among European cattle breeds. Proc. R. Soc. Lond., 256, 
25-31.

Maddox, J. F., Davies, K. P., Crawford, A. M., Hulme, D. J., 
Vaiman, D., Cribiu, E. P., Freking, B. A., Beh, K. J., Cock-



1246 Atanaska Teneva and Ivona Dimitrova

ett, N. E., Kang, N., Riffkin, C. D., Drinkwater, R., Moore, 
S. S., Dodds, K. G., Lumsden, J. M., van Stijn, T. C. Phua, 
S. H., Adelson, D. L., Burkin, H. R., Broom, J. E. et al. 
(2001). An enhanced linkage map of the sheep genome com-
prising more than 1000 loci. Genome Res., 11, 1275–1289. 

Malewa, A. D., Hakim, L., Maylinda, S. & Husain, M. H. 
(2014) Growth hormone gene polymorphisms of Indonesia 
fat tailed sheep using PCR-RFLP and their relationship with 
growth traits. Livestock Research for Rural Development, 26, 
115. http://www.lrrd.org/lrrd26/6/male26115.htm

Mirhoseini, S.Z, Badbarin N. & Khaleghzadegan, A. (2012). 
An AFLP male-specific marker detected in 15 Iranian sheep 
and goats populations. Life Science Journal, 9(3), 2048-2052. 

Montgomery, G. W., Hughes, G. & Hill, D. F. (1988). Proceed-
ing of New Zealand Society of Animal Production, 48, 171.

Montgomery, G. W., Penty, J. M., Henry, H. M., Sise, J. A., 
Lord, E. A., Dodds, K. G. & Hill, D. F. (1995). Sheep link-
age mapping: RFLP markers for comparative mapping stud-
ies. Animal Genetics, 26 (4), 249-59.

Mueller, U. G. & Wolfenbarger, L. L. (1999) AFLP genotyping 
and fingerprinting. Trends in Ecology and Evolution, 14(10), 
389-394.

Mukberjee, T. K., Cao , H, Noraidah, Khanafiah & Koh, C. L. 
(2006). RFLP Markers and their relationship with a QTL in 
sheep.1-4. http://library.oum.edu.my/repository/id/eprint/77.

Nakev, G., Stamberov, P., Dimitrova, I., Stancheva, N., Geor-
gieva, S., Hristova, D., Angelov, G., Mehmedov, T., Geno-
va, K. & Teneva, A. (2013). Growth and development of 
skeletal muscle in connection with the expression of the myo-
statin gene (MSTN). Proceedings of the 10th International 
Symposium Modern Trends in Livestock Production, October 
2-4, 2013, 640-647.

Nanekarani, S., Kolivand, M. & Goodarzi, M. (2015). Poly-
morphism of a mutation of DGAT1 gene in Lori sheep breed. 
Journal of Advanced Agricultural Technologies, 3 (1), 38-41. 

Nanekarani, S., Kolivand, M. & Goodarzi, M. (2016). Poly-
morphism of a Mutation of DGAT1 Gene in Lori Sheep Breed. 
Journal of Advanced Agricultural Technologies, 3 (1), 38-41. 

Nowak, Z. & Charon, K. M. (2001). Identification of fecundity 
gene (FecB) carriers using microsatellite markers and its ef-
fect on sheep weight. J. Appl. Genet., 42, 49-57.

Old, R. W. & Primrose, S. B. (1998). Principles of gene manip-
ulation. An introduction to genetic engineering. Fifth Edition. 
Blackwell Science Limited.

Oumer Sheriff & Kefyalew Alemayehu. (2018) Genetic di-
versity studies using microsatellite markers and their con-
tribution in supporting sustainable sheep breeding pro-
grams: A review, Cogent Food & Agriculture, 4:1, DOI: 
10.1080/23311932.2018.1459062

Pariset, L., Mariotti, M., Gargani, M., Joost, S., Negrini, R., 
Perez, T., Bruford, M., Ajmone Marsan, P. & Valentini, 
A. (2011) Genetic diversity of sheep breeds from Albania, 
Greece, and Italy assessed by mito‐ chondrial DNA and nu-
clear polymorphisms (SNPs). Sci. World J., 11, 641‐1659. 

Parsons, Y. M., Cooper, D. W., Piper, L. R., Parsons, Y. M. & 
Cooper, D. W. (1996). Genetic variation in Australian Merino 
sheep. Animal Genetics, 27, 223–228.

Peter, C., Bruford, M., Perez, T., Dalamitra, S., Hewitt, G., 
Erhardt, G. & Тhe Еconogen Consortium (2007). Genetic 
diversity and subdivision of 57 European and Middle-Eastern 
sheep breeds. Anim. Genet., 38, 37–44.

Prayitno, P., Hartati, T., Pratiwi, R. & Artama, W. T. (2011). 
RFLP marker variation of Cytocrome b Gene and genetic rela-
tionship among Batur, Merino and local sheep breeds. Animal 
Production, 13 (3), 156-165.

Ritz, R. L., Glowatzki-Mullis, M. L., Machugh, D. E. & Gail-
lard, C. (2000). Phylogenetic analysis of the tribe Bovini us-
ing microsatellites. Animal Genetics, 31, 178-185.

Roberts, A., McMillan, L., Wang, W., Parker, J., Rusyn, I. & 
Threadgill, D. (2007). Inferring missing genotypes in large 
SNP panels using fast nearest-neighbor searches over sliding 
windows. Bioinformatics, 23, 401–7.

San-gang, H., Xi-xia, H., Hong-cai, S., Ke-chuan, T., Xin-
ming, X. & Quan-heng, L. (2008). Genetic Monitoring of 
Genomic DNA from Superfine Wool Sheep by AFLP. Chi-
na Animal Husbandry & Veterinary Medicine, 35 (7), 32-36 
(Abstract).

Sheriff, O. & Alemayehu, K. (2018). Oumer Sheriff & Kefyalew 
Alemayehu | Pedro González-Redondo (Reviewing Editor) 
(2018) Genetic diversity studies using microsatellite markers 
and their contribution in supporting sustainable sheep breed-
ing programs: A review. Cogent Food & Agriculture, 4:1, 
DOI: 10.1080/23311932.2018.1459062

Stahlberger-Saitbekova, N., Schlopfer, J., Dolf, G. & Gail-
lard, C. (2001). Genetic relationships in Swiss sheep breeds 
based on microsatellite analysis. J. Anim. Breed. Genet., 118, 
379–387.

Stein, G. S., Stain, J. L., van Wijnen, A. J. & Lian, J. B. (1996). 
The maturation of a cell. American Scientist, 84, 28-37.

Tapio, I., Tapio, M., Grislis, Z., Holm, L., Jeppsson, S., Kan-
tanen, J., Miceikiene, I., Olsaker, I., Viinalass, H. & 
Eythorsdottir, E. (2005a). Unfolding of population structure 
in Baltic sheep breeds using microsatellite analysis. Heredity, 
94, 448–456.

Tapio, M., Marzanov, N., Ozerov, M., Ćinkulov, M, Gonza-
renko, G., Kiselyova, T., Murawski, M., Viinalass, H. & 
Kantanen, J. (2006) Sheep mitochondrial DNA variation 
in European, Caucasian and Central Asian areas. Mol. Biol. 
Evol., 2, 1776–1783.

Tapio, M., Tapio, I., Grislis, Z., Holm, L., Jeppson, S., Kan-
tanen, J., Miceikiene, I., Olsaker, I., Viinalass, H. & 
Eythorsdottir, E. (2005b). Native breeds demonstrate high 
contributions to the molecular variation in northern European 
sheep. Mol. Ecol., 14, 3951–3963.

Todorovska, E., Atanassov, A. & Vassilev, D. (2010). From ge-
netics to genomics in plants and animals. Genetika, 42 (1), 
177-194.

Ventura, R. V., Lu, D., Schenkel, S., Wang, Z., Li, C. & Miller, 
S. P. (2014). Impact of reference population on accuracy of 
imputation from 6K to 50K single nucleotide polymorphism 
chips in purebred and crossbreed beef cattle. J. Anim. Sci., 92, 
1433–1444.

Ventura, R. V., Miller, S. P., Dodds, K. G., Auvray, B., Lee, M., 
Bixley, M., Clarke, Sh. M. & McEwan, J.C. (2016) Assess-



1247Application of DNA markers for the assessment and characterization of genetic resources in sheep breeding

ing accuracy of imputation using different SNP panel densi-
ties in a multi-breed sheep population. Genet. Sel. Evol., 48, 
71 doi:10.1186/s12711-016-0244-7.

Vignal, A., Milan, D, SanCristobal, M. & Eggen, A. & A. 
Eggen (2002). A review on SNP and other types of molecular 
markers and their use in animal genetics. Genet. Sel. Evol., 
34, 275-305.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., Lee, T., Hornes, 
M., Frijters, A., Peleman, J., Kuiper, M. & Zabeau, M. 
(1995). AFLP: a new technique for DNA fingerprinting. Nu-
cleic Acids Research, 23, 4407-4414. 

Weimann, C., Leyhe-Horn, B., Gauly, M. & Erhardt, G. 

(2001). Suitability of microsatellites BM1329 and Oar A101 
as markers for the introgression of FecB locus into different 
sheep breeds. Archiv Tierzucht, 44, 4, 435-440.

Xianglong, L., Zengli, Zh., Yuanfang, G., Zhengzhu, L., Qing, 
J. & Wang, L. (2007). mtDNA D-loop of Chinese main in-
digenous sheep breeds using PCR-RFLP. Front. Agric. China, 
1 (3), 352–356.

Zhao, X., Li, N., Guo, W., Hu, X., Liu, Z., Gong, G., Wang, 
A., Feng, J. & Wu, C. (2004). Further evidence for paternal 
inheritance of mitochondrial DNA in the sheep (Ovis aries). 
Heredity, 93, 299–403.RCH https://doi.org/10.1007/s00122-
004-17.

Received: August, 29, 2019; Accepted: May, 13, 2020; Published: December, 2021


