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Review paper

Abstract: Some problems of modern analysis of the genome of domestic
animals and the possibility of applying the results of the research in the selection
have considered. Molecular genome analysis has progressed rapidly. Today, using
modern DNA analysis, the domestic animals breeding value can be safely foreseen.
Based on the scientist’s intuition of early-20th century, after half a century, genetic
markers had discovered. Thus, the traditional selection method has integrated with
molecular techniques of selection by applying marker-assisted selection (MAS).
Microsatellites have attracted great attention from scientists because they are
widespread in the genome and have a high level of polymorphism. Thousands of
SNPs have discovered with their exact position in the genome. This very reliable
method occurred for analyzing the genome which shows the change of only one
nucleotide base into the DNA molecule. All modern achievements of molecular
genetics have opened the way for practical application in the selection of all kinds
of domestic animals. Today, a combination of molecular or genomic selection
combined with a traditional is very reliable method for a faster, more accurate
assessment of the breeding value of animals.

Key words: domestic animals, selection, molecular techniques, genetic
markers

Introduction

The primary goal of modern selection is the association of all known
sources of animal information (phenotype, origin and genetic markers) in order to
obtain the highest reliability of the estimated breeding value (EBV) and ensure
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genetic improvement (Petrovic 2000; Petrovic et al., 2001; Petrovi¢ and Pantelié,
2015; Petrovic et al., 2017a; Petrovic et al., 2017b). Genomics offers ample
opportunities; it’s not only for genetic improvement of animals but can also be
used as an important tool for the assessment of genetic diversity of local sheep and
goat breeds (Rupp et al., 2016). The genome of domestic animals contains 20,000-
35,000 useful-useful genes. Generally, selection by using of molecular techniques
should involve the process of DNA molecular analysis in order to search for
markers or individual nucleotide polymorphisms (SNPs) to obtain information on
the genetic potential of the product's characteristics of the individual, which will
serve as a selection criterion. From the first ideas of DNA molecular analysis for
this purpose, many procedures have applied of such; a number of genetic markers,
methods and in practice is necessary to accept a common platform, the name of
which this would be a genomic selection. The term "genomic selection” was first
introduced by Haley and Visscher (1998). Meuwissen (2001) developed and
presented a methodology for the analytical estimation of the value of breeding by
using a map of markers covering the whole genome.

Genomic selection (GS) is at the present level of science, a method by which high
density markers cover the entire genome. This leads to individual genetic
evaluation - genomic estimated breeding values (GEBV). Genomic selection can
increase the precision of selection, shorten the generation interval by selecting
individuals at an early stage of life, and accelerate genetic progress (Christensen et
al., 2014).

Practical work in genomic selection involves taking a sample of biological
material (blood, seed, hair) from which the DNA is isolated in the laboratory. The
procedure for isolating the pure DNA is very complex and includes cutting
restriction endonucleases, radioactive or non-radioactive labeling, ligation, use of
special detergents, bases, organic solvents and enzymes. Following the isolation of
the DNA, a genotyping procedure is performed using the Illumina SNP50K chip.
Genotyping is a method by which genetic variations are determined without the
sequencing of the whole genome. The result of genotyping is the signals for each
of the 50,000 SNPs that are calculated in the SNP genotype (AA, AB or BB). Thus,
for the genotyping individual, the result is (more precisely, the genotype) for each
of the 50,000 SNPs. The fact that we have come to know about the genotype of a
large number of SNPs does not give a complete answer to the breeding value of the
animal. In order to solve this, it is necessary to evaluate the influence of the
individual SNP by using the SNP equation. Thus, the genomic breeding value
(GBV) of a genotyped animal is the sum of the effects of all SNPs, obtained using
the SNP equation (Spehar, 2013).

In many countries, genomic selection becomes the leading method of genetic
evaluation (Hayes et al., 2009, 2012). Especially for GS cows GS can soon replace
the traditional system of genetic evaluation of animals.
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Development of molecular techniques

Genomic technologies allow deciphering the genotype of the animal at
birth. This can be done at the same time by selecting breeding animals. SNP as the
latest technology has been designed to further improve the accuracy and reliability
of selection and assessment of the breeding value of animals. The SNP genome
predecessors are selective markers, which make it possible to determine the
presence or absence of certain genes (alleles) of the carrier of quantitative traits in
the animal genome.

A. Serebrovski, a Russian Scientist was first given the idea and the theory
of the use of markers in breeding during the second decade of the 20th century. The
term "marker" (then called "signal” while the English term "keeper") began to use
later. According to Serebrovsky, the marker is an allele gene with pronounced
phenotype, localized next to another allele responsible for an economically
significant trait, but there is no clear phenotypic expression. Thus, the selection of
the phenotypic expression of this allele-signal is possible by selecting related
alleles that determine the manifestation of the observed trait. However, the direct
marker is far more reliable than the associated marker for the prediction of
phenotypic variations of the particular character of domestic animals (Dekkers,
2004, Scherbatov et al., 2013). Genetic markers were initially based on
morphological characteristics (phenotypic markers).

However, quantitative traits are the result of a complex inheritance process.
The markers used and environment conditions determined their manifestation.
Therefore, its use is limited. Polymerase chain reaction (PCR) and sequencing
(DNA nucleotide assay) DNA occupies a significant place in genomic animal
selection (Avise, 2004). Buisson et al. (2014) conclude a genomic breeding scheme
(GS) appears technically and economically relevant in French dairy sheep breeds.
The ag casein genotype had a significant effect on milk yield, fat content and
protein content (Carillier-Jacquin et al., 2016). In recent years, several new
molecular techniques have been developed, in addition to genetic markers such as
microsatellites, the leading site has taken the polymorphism of single nucleotides
(SNP - Single Nucleotide Polymorphism), which allows the selection options to
expand considerably and deepen.

The application of DNA technology and genetic markers in livestock
breeding began in the 1980s. Molecular genetic markers have used for programs
for the conservation of genes of endangered breeds of domestic animals. Also,
markers have found application for solving the problem of origin and parenthood
of the distribution of species, genetic causes of hereditary diseases. The application
of markers was positive to accelerate the selection of individual characteristics -
resistance to certain factors from the impact on productive performance.
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The traditional methods of farm animals’ selection can be integrated with
molecular technigues of selection by applying marker-assisted selection (MAS)
(Lande and Thompson, 1990, Ollivier 1998, Caro Petrovic et al., 2017).

Modern molecular methods in selection

Microsatellites have attracted great attention from scientists because they
are widespread in the genome and have a high level of polymorphism.
Microsatellites, such as SSR (Simple Sequence Repeats) or STR (Simple Tandem
Repeats), repeated several times in the tandem by the genome of more than one
hundred thousand loci (Weber and May, 1989).

Both of the mentioned about are highly polymorphic and suitable for individual
DNA typing, or the production of a genetic profile of the individual. They are
considered to be the most informative genetic markers.

Microspheres are non-coding parts of DNA, but some studies reveal their
role in gene expression (Moxon and Wills, 1999). It is known that the variants of
microsatellites differ in the number of repetitions of the underlying motive, which
is actually the result of mutations. The structure of microsatellites can have several
forms:

« filled (CACACACACACA),
« interrupted (CACACACAggggCACACA) or
* assembled (CACACACAGTGTGTGTCACA).

Their multiplication is carried out by the chain reaction of polymerase -
PCR technique. Microspheres are relatively short compared to other genetic
markers, as they generally have 50 and 150 pb.

Their advantage is that very small amounts of DNA are required for
duplication so in similar research have been used for these reasons. It is also
extensively used to examine the genetic distance between individual animal
populations (Cunningham et al., 2001; Teneva et al., 2010; 2013).

Some countries have developed a genetic test system. In addition to a
number of advantages, microsatellites insufficiently map some specific genome
areas. On the other hand, the high cost of equipment and reagents and the
development of automatic methods using SNP chips slowly take their place. A very
practical method for analyzing the genome is the SNP polymorphism of a
nucleotide, which shows the change of only one nucleotide base into the DNA
molecule.

Thousands of SNPs have discovered with their exact position in the
genome. Such differences in the molecule, are often encoded with letters, e.g., A
and B. Possible combinations are AA (homozygote saturated A), AB
(heterozygote) and BB (homozygote for allele B) for each SNP marker. However,
for many SNPs, it is not known whether they cause some changes in the
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manifestation of individual traits or maybe they are just near a genome (Spehar,
2013).

SNPs are point mutations that may occur as a result of spontaneous
mutations or the action of mutagens. The difference in only one base can cause
characteristic changes. SNPs are widespread in the human and animal genome. In
addition, SNPs have a low rate of mutation per generation (~ 10-8) as opposed to
microsatellites, making them suitable markers for population genetic analysis
(Scherbatov et al., 2013).

The SNP great advantage also allows the ability to use automatic detection
methods, for example, using DNA strings. In the world, databases are already
being formed, testing a large number of animals to reveal the connections between
known point mutations and productivity. Massive numbers of polymorphic variants
of the gene are currently defined, as well as their impact on animal production
characteristics. Some genetic tests that use markers that define production qualities
are already publicly available for use in breeding. We'll list some of these markers
(Shcherbatov et al., 2013):

e Meat and meat production efficiency markers - MC4R, HMGA1, CCKAR,
POU1F1

* Fertility markers: ESR - estrogen receptor gene, EPOR - erythropoietin receptor
gene

» Markers of disease resistance - ECR F18 receptor gene

Through the results of markers, can estimate the frequency of desired and
undesired alleles in the population and continue the selection in the future, so that
all animals get only desirable gene alleles.

Genomic selection - is a powerful tool for future use. Currently, the
effectiveness of genomic selection is limited in various interactions between the
locus of quantitative traits, the variability of quantitative properties, and the
influence of the environmental factors. However, the results of the research in
many countries have confirmed that the use of standard statistical methods together
with genomic selection increases reliability in predicting breeding values of
animals.

That in today's conditions of science development, the goal of genomic
selection of domestic animals is to connect all known sources of information
(phenotype, origin and genetic markers) to obtain the highest accuracy of the
assessed breeding value (EBV) and ensure genetic improvement.

Animal Breeding Assessment is a very complex process. It supports the
fact that the selection with statistical methods in some areas such as resistance to
disease, meat quality, fertility, is characterized in low efficiency due to the
following factors (Petrovic and Pantelic, 2015):

« the low heritability of traits
« significant influence of environmental factors
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* sex restrictions

« the manifestations of properties only under the influence of certain factors
» when the manifestation of the characteristics is relatively late

« the fact that the trait is difficult to measure (for example, health specifics)
« the presence of hidden carriers of traits

In the above cases and mentioned limitations, in the application of the
standard statistical procedure and for a more accurate assessment it is necessary to
analyze the offspring, which is necessary to wait until breeding maturity. However,
the use of DNA markers makes it possible to analyze the genotype immediately
after birth, without waiting for the manifestation of the trait or appearance of the
progeny, which greatly accelerates the selection. On the other hand, if the selection
was direct to properties with a high degree of inheritance, then the genomic
selection will not bring significant benefits.

It has concluded that genomic selection should not negate the traditional
approaches to the assessment of the nursing value of the animal. Statistical analysis
and genomic selection technology complement each other. The use of genetic
markers makes it possible to accelerate the animal selection process, and standard
methods assess the effectiveness of this selection.

In practice, genomic selection will be a reliable "prognosis” for livestock
production and will accelerate the process of selecting the most valuable animals.
The main advantages of genomic selection are:

1. High accuracy of testing

2. New evidence and assessment characteristics

3. Very quick selection

4. Accelerated genetic improvement of animal husbandry

The advancement of molecular genetics has enabled the sequencing of the
genome of several species of domestic animals in the last few years, partly or
completely. Information on the whole animal genome becomes more interesting for
researchers and breeders because they give the opportunity to identify genetic
variations that produce different production performances (Bai Y. et al.,2012). This
could also increase the chances of resistance to pathogens that slow down the
production of animals.

These findings can also provide useful information in the production of
healthy food for human consumption (Bai X. et al., 2012). The first genome
sequencing has done in livestock (Burt, 2005) followed by pigs Archibald et al.
(2010) cattle Zimin et al. (2009) horses Wade et al. (2009) and sheep (International
sheep Genomics 2010; Bai et al. 2012). In the study of Suérez-Vega et al. (2015)
the quality scores of the extracted RNA samples for each breed from four animals
were sequenced for time points D10, D50 and D150,and three biological replicates
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were sequenced for D120 have acquired a total of 1,116 million paired-end reads
from the transcriptome sequencing of the 30 milk samples analyzed. The alignment
of the reads to the Ovis aries genome Oar_v3.1 genome build have yielded a mean
of 985.05 million reads (88.10%) that aligned to unique locations in the ovine
genome per RNA-seq sample; a mean of 1.47 million reads (4.01%) per sample
that aligned to multiple locations in the genome; however, a mean of 2.84 million
reads (7.65%) per sample that did not align to any genome location.

The achievements of molecular techniques in practice

Xu et al. (2017) noted that selection intensity can be heightened
significantly through improvements in the scale and precision of genotyping and
phenotyping, that the breeding cycle time could shorten by accelerating breeding
procedures through integrated breeding approaches such as marker-assisted
selection and doubled haploid development. Genomic resources also provide a
basis for genetic improvements of economically important traits in sheep with the
identification of functional genes and variants associated with these traits helps
facilitate traditional breeding techniques using quantitative approaches and
molecular breeding techniques are cost-effective and time-saving compared to
conventional crossbreeding schemes (Song-song and Meng-hua 2017) . In sheep
and goat farming, traditional methods of selection are increasingly complemented
by the modern DNA analysis, to detect the gene that affects the expression of
particular production traits or are located near the site responsible for the given
property (Carillier et al., 2013, 2014). As is well known, the use of genetic
markers enabled the detection of genes responsible for expressing significant
properties or determining their approximate location in the genome. Therefore,
genetic markers are not genes that define production or other properties, but rather
indicate a specific site in the genome that potentially finds these genes. In recent
years, Kijas et al. (2012); Zhang et al. (2013) identified the genes that are
responsible for some of the economically important traits of sheep and goats. Since
the eighteenth decade of the twentieth century, the development of molecular
genetics methods, sheep breeding has been among the first to meet modern
selection procedures. Experimentally and in practice, all known genetic markers
were then used. A special echo in the selection of sheep and goats had the
application of microsatellites to characterize individual breeds and determine their
genetic distances, or the population structure. These researches are actual
today (Kijas et al., 2009;JevSinek Skok et al., 2015; Murital et al., 2015; Yilmaz et
al.,2015; Zinovieva et al., 2015; Ocampo et al., 2016; Seilsuth et al., 2016;
Souheil Gaouar and Samiakdidi 2016; Edea et al., 2017; Deniskova et al.,2018;
Selepe et al., 2018). Likewise the contribution of microsatellites markers in the
clarification of the origin, genetic risk factors, and implications for conservation of
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sheep breed has studied (Sassi-Zaidy et al.2016). Since 2010, the international
consortium for the exploration of the genome of 23 sheep breeds developed
Illumina Ovine SNP50K chip, a new phase of genomic selection of sheep begins.
In recent years, more than 50,000 SNPs have tested to see their connection with
individual production characteristics. Otherwise, the Illumina SNP50K chip is a
small glass tile that has 12 panels where 50,000 SNPs have tested for each animal.
This reveals which nucleotide was present in a particular SNP position. The signals
received for each of the 50,000 SNP markers have calculated as "SNP marker
genotype” (AA, AB or BB). In this way, the final result is in the form of a
genotype for 50,000 SNP markers for each genotyped sheep. Since 2011, chips
have used in copiers, and the lllumina SNP50K chip has been developed using the
genome of 25 goats. For a relatively short period since finding this method to date,
thousands of SNPs for which the position of the genome is accurately known and
the consequence of the change in the nucleotide base have discovered. For
example, some studies have shown that sheep with a heavy run in a particular SNP
have a base of adenine (A), where the animals with a lighter run in the same SNP
have a guanine base (G) (Petrovic and Pantelic, 2015). The application of genomic
selection in sheep farming is increasingly taking place. Among the leading
countries are Australia, New Zealand, Russia, China, and more precisely the
countries with the most developed sheep breeding. When it comes to European
countries, France is most prominent, especially in the Lacone breed. The SNP
s58995.1 (rs420767326 A>G) in MEF2B gene and OAR3_115712045.1
(rs401775061 A>C) in TRHDE gene, which significantly associated with the post-
weaning gain in sheep have discovered (Zhang et al. 2013;2016 ). The MEF2B
gene encodes the protein from the MEF2 family of which the interaction of
proteins from the MEF2 family with the promoter myostatin gene of sheep has a
stimulating effect on the expression of myostatin; a protein that limits muscle
growth in mammals (Du et al., 2007). Therefore, the mutation of the MEF2B gene
can have a significant effect on the production of sheep meat through the change in
the production of myostatin which was confirmed in some other studies (Chen et
al., 2015).The MEF2B is a new promising candidate gene defining the productive
qualities of sheep Trukhachev et al. (2016).

The production and properties of milk in the Spanish breed of sheep
Churra by Garcia-Gamez et al. (2012) and found a link to certain genes. Similar
research was carried out by Gras et al. (2016) found a positive association between
LGB and milk yield and composition which recommend this candidate gene like
the marker for a future MAS program. Diacylglycerol O-Acyltransferase 1
(DGAT1) a gene turned out to be a functional and positional candidate gene for a
major region on chromosome 14 closely associated with fat content (Martin et al.,
2017).

Carillier et al. (2015) stated that the availability of SNP54k chips for goats
has made it possible to genotype alpine and saanen goats in France. In both breeds,
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genomic selection can improve annual genetic improvement by reducing the length
of the father-son interval. The quality of predicting the value of an individual in
this way is sensitive to the size of the reference population, which can affect the
accuracy of genomic indicators.

Kim et al. (2016) had use caprine and ovine 50K SNP BeadChips from
Barki goats that have identified several candidate regions under selection that
spanned 119 genes. A majority of the genes were involved in multiple signaling
and signal transduction pathways in a wide variety of cellular and biochemical
processes. In particular, selection signatures spanning several genes that directly or
indirectly influenced traits for adaptation to hot arid environments, such as thermo-
tolerance (melanogenesis) (FGF2, GNAI3, PLCB1), body size and development
(BMP2,BMP4, GJA3, GJB2), energy and digestive metabolism
(MYH, TRHDE, ALDH1A3), and nervous and autoimmune response
(GRIAL, IL2, IL7, 1L21, IL1R1) were also identified. Genomic selection in sheep
concentrates on all genetic aspects and production directions. However, it should
point out that genomic selection in sheep farming, and especially in the case of
chewing, is taking place slower in comparison with cattle breeding. However, this
stated conditionally, since each of these animal husbandry branches has own
significance, objectives and selection requirements depending on the different
natural and social influences. In the study of Nan et al.(2014) have revealed
thousands of differentially expressed genes, of which most were possibly
associated with wool growth and several potential gene families might participate
in hair growth regulation.

Results of SNP genotypes can be applied to determine the history and
diversity of the population of sheep and goats in the framework of our country and
the world. It is also possible to determine the origin of individuals, genetic
variations associated with certain diseases, with some properties of carcasses, etc.
In the end, we can summarize how the genomic selection of sheep and goats has
the following benefits:

*» More precisely, predicting the genetic value for the desired breeding goal

* With properties that are usually difficult to improve

* For features that are difficult or expensive to measure

* For features that cannot be measured early

» Characteristics with low heritability, of such as yield and quality characteristics of
meat, production of wool, reproductive rate, resistance to parasites.

Conclusion

Selection as the principle of improving animal production characteristics is
a permanent process. By this developing science, the techniques of selecting
animals are changing and improving. In addition to traditional selection, the
development of molecular genetics has opened up a new era. Today, animal
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science has gained a powerful tool called genomic selection. Combined with the
traditional assessment of the breeding value of domestic animals through molecular
indicators at the level of the genome, is the path to faster and more efficient genetic
progress in the future.

Primena savremenih molekularnih tehnika u selekciji
zivotinja

Milan P. Petrovi¢, Marina 1. Selionova, Violeta Caro Petrovi¢, Dragana Ruzi¢
Musli¢é, Nevena Maksimovié, Zoran Z. 1li¢, Ivan Pavlovi¢

Rezime

Razmotreni su i neki problemi savremene analize genoma domacih
zivotinja 1 moguénosti primene rezultata istrazivanja u selekciji. Analiza
molekularne osnove domacih Zivotinja napredovala je brzo. Danas, Koristeci
savremenu analizu DNK, moze se sa znaCajnom pouzdano$cu predvideti
odgajivacka vrednost domacih zivotinja. Na osnovu intuicije nau¢nika pocetkom
20. veka, a posle pola veka otkriveni su genetski markeri. Na taj nacin je,
tradicionalni metod selekcije integrisan sa molekularnim tehnikama i pocelo se sa
primenom selekcije pomocu markera (MAS). Mikrosateliti su privukli veliku
paznju naucnika jer su rasprostranjeni u genomu i imaju visok nivo polimorfizma.
Nakon toga, hiljade SNP-a su otkriveni sa svojom ta¢nom pozicijom u genomu.
Ovaj vrlo pouzdan metod za analizu genoma pokazuje promenu samo jedne
nukleotidne baze u molekulu DNK. Savremena dostignu¢a molekularne genetike
otvorila su put za prakti¢nu primenu u selekciji svih vrsta domacih zivotinja. Danas
je kombinacija molekularne ili genomske selekcije kombinovana sa tradicionalnom
veoma pouzdanom metodom za brzu i preciznu procenu odgajivacke vrednosti
Zivotinja.

Klju¢ne reci: domace zivotinje, selekcija, molekularna tehnika, genetski
markeri

Acknowledgement

The study is part of the projects TR 31053 funded by the Ministry of
Education, Science and Technological Development, Republic of Serbia



The application of modern molecular ... 381

References

ARCHIBALD A.l., BOLUND I., CHURCHER C., FREDHOLM C., GROENEN
M.A., HARLIZIUS B., LEE K.T. MILAN D., ROGERS J., ROTHSCHILD M.F.
UENISHI H., WANG J., SCHOOK L.B. (2010): Pig Genome Sequence-analysis
and publication strategy. BMC Genomic, 11, 438.

AVISE J.C. (2004): Molecular Markers, Natural History, and Evolution (Second
Edition). Sinauer, Sunderland, MA. (684pp.)

BAI X., WU X,, WANG X., GUAN Z,, GAOF., YU J, YU L., TANG B., LIU X,,
SONG Y., WANG X., RADU B., BOIREAU P., WANG F., LIU M. (2012):
Regulation of cytokine expression in murine macrophages stimulated by
excretory/secretory products from  Trichinella  spiralis in vitro.
Molecular and Cellular Biochemistry, 360, 79-88.

BAI Y., SARTOR M., CAVALCOLI J. (2012): Current status and future
perspectives for sequencing livestock genomes. Journal of Animal Science and
Biotechnology, 3(1), 1-6.

BUISSON D., LAGRIFFOUL G., BALOCHE G., AGUERRE X., BOULENC P.,
FIDELE F., FREGEAT G. , GIRAL-VIALA B., GUIBERT P., PANIS P.,
SOULAS C., ASTRUC J.M., BARILLET F. (2014): Genomic breeding schemes
in French Lacaune and Manech dairy sheep: design and expected genetic gain.
Proceedings, 10th World Congress of Genetics Applied to Livestock Production
http://www.wcgalp.org/system/files/proceedings/2014/genomic-breeding-schemes-
french-lacaune-and-manech-dairy-sheep-design-and-expected-genetic-gain.pdf.
BURT D.W. (2005): Chicken genome: current status and future opportunities.
Genome Research, 15 (12), 1692-1698.

CARILLIER C., HELENE LARROQUE H., ROBERT-GRANIE C. (2014):
Comparison of joint versus purebred genomic evaluation in the French multi-breed
dairy goat population. Genetics Selection Evolution, 46:67.

CARILLIER C., LARROQUE H., PALHIERE I, CLEMENT V., RUPP R,
ROBERT —GRANIE C. (2013): A first step toward genomic selection in the multi-
breed French dairy goat population. Journal of Dairy Science, 96 (11): 7294-305.
CARILLIER, C., LARROQUE, H., ROBERT-GRANIE, C. (2015): Comparison of
multi-breed and within-breed genomic evaluation in French dairy goats.
International Plant and Animal Genome, San Diego, USA, 2015-01-10-2015-01-
15.

CARILLIER-JACQUIN C., LARROQUE H., ROBERT-GRANIE C. (2016):
Including asl casein gene information in genomic evaluations of French dairy
goats. Genetics Selection Evolution, 48:54 DOI 10.1186/s12711-016-0233-x.
CARO PETROVIC V., PETROVIC M.M., MAKSIMOVIC N., LAZAREVIC M.,
STANOJKOVIC A., MICIC N., MARINKOVIC M. (2017): Analysis of Beta-
Lactoglobulin in Small Herd of Cattle by PCR-RFLP Trends and Challenges in the


http://www.wcgalp.org/system/files/proceedings/2014/genomic-breeding-schemes-french-lacaune-and-manech-dairy-sheep-design-and-expected-genetic-gain.pdf
http://www.wcgalp.org/system/files/proceedings/2014/genomic-breeding-schemes-french-lacaune-and-manech-dairy-sheep-design-and-expected-genetic-gain.pdf

382 Milan P. Petrovi¢ et al.

Genetic Improvement of Farm Animals. Proceedings of the 11th International
Symposium Modern Trends in Livestock Production October 11-13, 2017, 43-49.
CHEN L., CHENG B., LI L., ZHAN S., WANG L., ZHONG T., CHEN Y.,
ZHANG H. (2015): The molecular characterization and temporal-spartial
expression of myocyte enhancer factor 2 genes in the goat and their association
with myofiber traits.Gene 555(2): 223-230. doi: 10.1016/j.gene.2014.11.007.
CHRISTENSEN O.F., MADSEN P., NIELSEN B., SU G. 2014): Genomic
evaluation of both purebred and crossbred performances. Genetics Selection
Evolution, 46:23, 1-9.

CUNNINGHAM E.P., DOOLEY JJ., SPLAN R.K., BRADLEY D.G. (2001):
Microsatellite diversity, pedigree relatedness and the contributions of founder
lineages to Thoroughbred horses. Animal Genetics, 32, 360-364.

DEKKERS J.C.M. (2004): Commercial application of marker and gene assisted
selection in livestock: strategies and lessons. Journal of Animal Science, 82, E313-
E328.

DENISKOVA T.E., DOTSEV A.V. SELIONOVA M., KUNzZ E,
MEDUGORAC |, REYER H., WIMMERS K., BARBATO M., TRASPOV A A,
BREM G., ZINOVIEVA N.A.(2018): Population structure and genetic diversity of
25 Russian sheep breeds based on whole-genome genotyping. Genetics Selection
Evolution, 50:29, 1-16.

DU R., AN X.R., CHEN Y. F., QIN J. (2007): Some motifs were important for
myostatin transcriptional regulation in sheep (Ovis aries). Journal of biochemistry
and molecular biology, 40 (4): 547-553. PMID: 17669271.

EDEA Z., DESSIE T., DADI H., DO K.-T., KIM K.-S. (2017): Genetic Diversity
and Population Structure of Ethiopian Sheep Populations Revealed by High-
Density SNP Markers. Frontiers in Genetics, 8 (18), 1-14.

GARCIA-GAMEZ E., SAHANA G., GUTIERREZ-GIL B., ARRANZ J.J. (2012):
Linkage disequilibrium and inbreeding estimation in Spanish Churra sheep. BMC
Genetics., 13:43. https://doi.org/10.1186/1471-2156-13-43.

GRAS, MA, PISTOL, GC, PELMUS, RS, LAZAR, C, GROSU, H, & GHITA, E.
(2016): Relationship between gene polymorphism and milk production traits in
Teleorman Black Head sheep breed. Revista MVVZ Cérdoba, 21(1), 5124-5136.
HALEY C.S., VISSCHER P.M. (1998): Strategies to utilize marker — quantitative
trait loci associations. Journal of Dairy Science, 81 (2): 85-97.

HAYES B.., BROWMAN P.J., CHAMBERLAIN A.C.VERBYLA K,
GODDARD M.E. (2009): Accuracy of genomic breeding values in multi-breed
dairy cattle population. Genetics Selection Evolution., 41 (1): 51.

HAYES B.J., LEWIN H.A., GODDARD M.E. (2012): The future of livestock
breeding: genomic selection for efficiency, reduced emissions intensity , and
adaption. Trends in Genetics., 29, 206-214.

INTERNATIONAL SHEEP GENOMICS CONSORTIUM, ARCHIBALD
AL, COCKETT NE, DALRYMPLE BP, FARAUT T, KIJAS JW, MADDOX


https://gsejournal.biomedcentral.com/articles/10.1186/s12711-018-0399-5
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-018-0399-5
https://doi.org/10.1186/1471-2156-13-43
https://www.ncbi.nlm.nih.gov/pubmed/?term=International%20Sheep%20Genomics%20Consortium%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Archibald%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Archibald%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cockett%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dalrymple%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faraut%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kijas%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maddox%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=20809919

The application of modern molecular ... 383

JF, MCEWAN JC, HUTTON ODDY V, RAADSMA HW, WADE C, WANG
J,WANG W, XUN X. (2010):  Animal Genetics, 41 (5): 449-53. doi:
10.1111/j.1365-2052.2010.02100.x.

JEVSINEK SKOK D., SALAMON D., DZIDIC A., BOJKOVSKI D., SIMCIC M.
(2015): Genetic diversity of Bela Krajina Pramenka compared to three Croatian
sheep breeds — a preliminary study. Poljoprivreda 21, (1) Supplement, 142-145.
KIJAS JW., TOWNLEY D., DALRYMPLE B.P., HEATON M.P., MADDOX
J.F., et al. (2009): A Genome Wide Survey of SNP Variation Reveals the Genetic
Structure of Sheep Breeds. PLoS ONE 4(3): e4668.
doi:10.1371/journal.pone.0004668.

KIJAS JW, LENSTRA JA, HAYES B, BOITARD S, PORTO NETO LR, SAN
CRISTOBAL M, et al. (2012) Genome-Wide Analysis of the World's Sheep
Breeds Reveals High Levels of Historic Mixture and Strong Recent Selection.
PLoS Biol 10(2): €1001258. https://doi.org/10.1371/journal.pbio.1001258.

KIM E-S., ELBELTAGY A.R., ABOUL-NAGA A.M., RISCHKOWSKY B.,
SAYRE B., MWACHARO J.M., ROTHSCHILD M.F. (2016): Multiple genomic
signatures of selection in goats and sheep indigenous to a hot arid environment.
Heredity, 116, 255-264.

LANDE R., THOMPSON R. (1990): Efficiency of marker-assisted selection in the
improvement of quantitative traits. Genetics vol.124, 743-756.

MARTIN P., PALHIERE |., MAROTEAU C., BARDOU P., CANALETABET
K., SARRY J.,, WOLOSZYN F., BERTRAND-MICHEL J., RACKE I., BESIR H.,
RUPP R., TOSSER-KLOPP G. (2017): A genome scan for milk production traits
in dairy goats reveals two new mutations in Dgatl reducing milk fat content.
Scientific reports, 7:1872 doi:10.1038/s41598-017-02052-0.

MEUWISSEN T.H., HAYES B.J., GODDARD M.E. (2001): Prediction of total
genetic value using genome-wide dense marker maps. Genetics, 157 (4), 1819-
1829.

MOXON E.R., WILLS C. (1999): DNA Microsatellites: Agents of Evolution?
Scientific American, 72-77.

MURITAL 1., AFOLAYAN O., BEMJI M.N.,, DADI 0.1, LANDI V,
MARTINEZ A., DELGADO JV. ADEBAMBO O.A., AINA AB.J,
ADEBAMBO A.O. (2015): Genetic diversity and population structure of Nigerian
indigenous goat using DNA microsatellite markers. Archivos de Zootecnia. 64
(246): 93-98.

NAN LIU , HEGANG LI, KAIDONG LIU, JUANJUAN YU, RAN BU, MING
CHENG, WEI DE, JIFENG LIU, GUANGLING HE JINSHAN ZHAO (2014):
Identification of skin-expressed genes possibly associated with wool growth
regulation of Aohan fine wool sheep. BMC Genetics, 15:144
https://doi.org/10.1186/s12863-014-0144-1.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Maddox%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=McEwan%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hutton%20Oddy%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raadsma%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wade%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xun%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20809919
https://www.ncbi.nlm.nih.gov/pubmed/20809919
https://doi.org/10.1371/journal.pbio.1001258
https://doi.org/10.1186/s12863-014-0144-1

384 Milan P. Petrovi¢ et al.

OCAMPO R., CARDONA H., MARTINEZ R. (2016): Genetic diversity of
Colombian sheep by microsatellite markers. Chilean Journal of Agricultural
Research 76(1) 40-47.

OLLIVIER L. (1998): The accuracy of marker-assisted selection for quantitative
traits within populations in linkage equilibrium. Genetics vol.148, 1367-1372.
PETROVIC P.M. (2000): Genetika i oplemennjivanje ovaca (Monografija).
Naucna Knjiga. Beograd, 365 pp.

PETROVIC P.M., CARO PETROVIC V., RUZIC MUSLIC D., MAKSIMOVIC
N., CEKIC B., ILIC Z. Z , KURCUBIC V. (2017a): Strategy for Sustainable
Development and Utilization of Sheep and Goat Resources in Serbia. KnE Life
Sciences, pages 11-21. DOI 10.18502/kls.v2i6.1015

PETROVIC P.M., PANTELIC V. (2015): Modern selection on farm animals /in
Serbian/. Institut za stocarstvo, Beograd-Zemun,320pp.

PETROVIC P.M., RUZIC MUSLIC D., CARO PETROVIC V., MAKSIMOVIC
N., CEKIC B., YULDASHBAEV A.Y., SELIONOVA M.I. (2017b): Trends And
Challenges in the Genetic Improvement of Farm Animals. Proceedings of the 11th
International Symposium Modern Trends in Livestock Production October 11-13,
2017 pages 1-14.

PETROVIC P.M., ZUJOVIC M., NEGOVANOVIC D., STRSOGLAVEC 8.,
RUZIC D. (2001): The importance of new selection methods in modern system of
sheep breeding. International Symposium. Biotechnology in Animal Husbandry 17
(5-6), 159-167.

RUPP R., MUCHA S., LARROQUE H., MCEWAN J., CONINGTON J. (2016):
Genomic application in sheep and goat breeding. Animal Frontiers, 6,1, 39-44.
doi:10.2527/af.2016-0006.

SASSI-ZAIDY Y. B., MARETTO F., CHARFI-CHEIKHROUHA F.,
MOHAMED-BRAHMI A., CASSANDRO M. (2016): Contribution of
microsatellites markers in the clarification of the origin, genetic risk factors, and
implications for conservation of Tunisian native sheep breeds. Genetics and
Molecular Research 15 (1): 1-11. gmr.15017059.

SEILSUTH S., SEO J.H., KONG H.S., JOO JEON A.G. (2016): Microsatellite
Analysis of the Genetic Diversity and Population Structure in Dairy Goats in
Thailand. Asian-Australasian Journal of Animal Science, 29 (3): 327-332.
SELEPE MM, CECCOBELLI S, LASAGNA E, KUNENE NW (2018): Genetic
structure of South African Nguni (Zulu) sheep populations reveals admixture with
exotic breeds. Plos One 13(4): e0196276. https://doi.org/10.1371/journal.
pone.0196276.

SHCHERBATOQOV V.l., ACES I.N., DIKAREV A.G., MUZYKANTOVA L.V.
(2013): Methods for integrated assessment and early diagnosis of agricultural
livestock productivity. FGBOU VPO "Kuban State Agrarian University"”, 293 pp.
SONG-SONG X., MENG-HUA L. (2017) : Recent advances in understanding
genetic variants associated with economically important traits in sheep (Ovis aries)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Seilsuth%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26950862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=26950862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=26950862
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeon%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=26950862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4811782/

The application of modern molecular ... 385

revealed by high-throughput screening technologies. Frontiers of Agricultural
Science and Engineering, 4(3): 279-288. doi: 10.15302/J-FASE-2017151.
SOUHEIL GAOUAR S.B., SAMIAKDIDI, L. O. (2016): Estimating population
structure and genetic diversity of five Moroccan sheep breeds by microsatellite
markers. Small Ruminants, volume 144, 23-27. Abstract.

SPEHAR M. (2013): Genetsko vrednovanje i uvodenje genomske selekcije u
govedarstvo Republike Hrvatske. Mljekarski list, 50, 6, 8-11.

SUAREZ-VEGA A., GUTIERREZ-GIL B., KLOPP C., ROBERT-GRANIE C.,
TOSSER-KLOPP G., JOSE ARRANZ J. (2015): Characterization and
Comparative Analysis of the Milk Transcriptome in Two Dairy Sheep Breeds
using RNA Sequencing. Scientific Reports | 5:18399 | DOI: 10.1038/srep18399
TENEVA A., DIMITROV K., CARO PETROVIC V. PETROVIC P.M.,
DIMITROVA 1., TYUFEKCHIEV N., PETROV N. (2013): Molecular genetics
and ssr markers as a new practice in farm animal genomic analysis for breeding
and control of disease disorders. Biotechnology in Animal Husbandry, 29, 405-
429.

TENEVA A., PETROVIC P.M. (2010): Application of Molecular Markers in
Livestock Improvement. Biotechnology in Animal Husbandry, 26, 135-154.
TRUKHACHEV V., BELYAEV V. KVOCHKO A., KULICHENKO A,
KOVALEV D., PISARENKO S., VOLYNKINA A. SELIONOVA M.,
AYBAZOV M. , SHUMAENKO S., OMAROV A., MAMONTOVA T,
YATSYK O., KRIVORUCHKO A., PETROVIC P.M., PANTELIC V., CARO
PETROVIC V. (2016): MEF2B Gene SNP Markers of Meat Productivity in
Severokavkazskaya Sheep Breed. Genetika, Vol. 48, No.1, 97-108.

WADE C.M., GIULOTTO E., SIGURDSSON S., ZOLI M., GNERRE S.,
IMSLAND F. et al. (2009): Genome sequence, comparative analysis, and
population genetics of the domestic horse. Science, 326 (5954), 865-867.

WEBER J.L., MAY P.E. (1989): Abundant class of human DNA polymorphism
which can be typed using the polymerase chain reaction. American Journal of
Human Genetics, 44,388-396.

XU Y., LIP,ZOUC, LUY., XIE C., ZHANG X., PRASANNA B.M., OLSEN
M.S.(2017): Enhancing genetic gain in the era of molecular breeding, Journal of
Experimental Botany, Volume 68, Issue 11, 2641-
2666, https://doi.org/10.1093/jxb/erx135.

YILMAZ O., SEZENLER T., SEVIM S., CEMAL I. (2015): Genetic relationships
among four Turkish sheep breeds using microsatellites. Turk J Vet Anim Sci., 39:
576-582.

ZHANG L., LIU J., ZHAO F., REN H., XU L., LU J., ZHANG S., ZHANG X.,
WEIC., LU G., ZHENG Y., DU L.(2013): Genome-Wide Association Studies for
Growth and Meat Production Traits in Sheep. PLoS ONE 8(6): €66569.
doi:10.1371/journal.pone.0066569.

ZHANG L., MA X., XUAN J.,, WANG H., YUAN Z., WU M., et al. (2016)


https://www.sciencedirect.com/science/article/pii/S0921448816301833%23!
https://www.sciencedirect.com/science/article/pii/S0921448816301833%23!
https://www.sciencedirect.com/science/article/pii/S0921448816301833%23!
https://doi.org/10.1093/jxb/erx135

386 Milan P. Petrovi¢ et al.

Identification of MEF2B and TRHDE Gene Polymorphisms Related to Growth
Traits in a New Ujumgin Sheep Population. PLoS ONE 11(7): e0159504.
doi:10.1371/journal. pone.0159504.

ZIMIN A., DELCHERA., FLOREA L., KELLEY D., SCHATZ M., PUIU D., ET
AL. ( 2009): A whole genome assembly of the domestic cow, Bos Taurus.
Genome Biology, 10 (4), R42.

ZINOVIEVA N.A., SELIONOVA M.l, GLADYR E.A., PETROVIC P.M.,
CARO PETROVIC V., RUZIC MUSLIC D., PETROVIC M.M. (2015):
Investigation of Gene Pool and Genealogical Links Between Sheep Breeds of
Southern Russia by Blood Groups and Dna Microsatellites. Genetika, Vol. 47,
No.2, 395-404.

Received 3 December 2018; accepted for publication 26 December 2018



	The production and properties of milk in the Spanish breed of sheep Churra by Garcia-Gamez et al. (2012) and found a link to certain genes. Similar research was carried out by Gras et al. (2016) found a positive association between LGB and milk yield ...
	ARCHIBALD A.I., BOLUND I.,  CHURCHER C., FREDHOLM C., GROENEN M.A., HARLIZIUS B., LEE K.T. MILAN D., ROGERS J., ROTHSCHILD M.F. UENISHI H., WANG J., SCHOOK L.B. (2010): Pig Genome Sequence-analysis and publication strategy. BMC Genomic, 11, 438.
	BAI X., WU X., WANG X., GUAN Z., GAO F., YU J., YU L., TANG B., LIU X., SONG Y., WANG X., RADU B., BOIREAU P., WANG F., LIU M. (2012): Regulation of cytokine  expression in murine  macrophages stimulated  by excretory/secretory  products from Trichine...
	BAI Y., SARTOR M., CAVALCOLI J.  (2012): Current status and future perspectives for sequencing livestock genomes. Journal of Animal Science and Biotechnology, 3(1), 1-6.
	BURT D.W. (2005): Chicken genome: current status and future opportunities. Genome Research, 15 (12), 1692-1698.
	CARILLIER C., LARROQUE H., PALHIERE I., CLEMENT V., RUPP R., ROBERT –GRANIE C. (2013): A first step toward genomic selection in the multi-breed French dairy goat population. Journal of Dairy Science, 96 (11): 7294-305.
	CARILLIER, C., LARROQUE, H., ROBERT-GRANIÉ, C. (2015): Comparison of multi-breed and within-breed genomic evaluation in French dairy goats. International Plant and Animal Genome, San Diego, USA, 2015-01-10-2015-01-15.
	CHRISTENSEN O.F., MADSEN P., NIELSEN B., SU G. 2014): Genomic evaluation of both purebred and crossbred performances. Genetics Selection  Evolution, 46:23, 1-9.
	CUNNINGHAM E.P., DOOLEY J.J., SPLAN R.K., BRADLEY D.G. (2001): Microsatellite diversity, pedigree relatedness and the contributions of founder lineages to Thoroughbred horses. Animal Genetics, 32, 360-364.
	DEKKERS J.C.M. (2004): Commercial application of marker and gene assisted selection in livestock: strategies and lessons. Journal of Animal Science, 82, E313-E328.
	DENISKOVA T.E., DOTSEV A.V., SELIONOVA M.I., KUNZ E., MEDUGORAC I., REYER H., WIMMERS K., BARBATO M., TRASPOV A.A., BREM  G., ZINOVIEVA N.A.(2018): Population structure and genetic diversity of 25 Russian sheep breeds based on whole-genome genotyping....
	EDEA Z., DESSIE T., DADI H., DO K.-T., KIM K.-S.  (2017):  Genetic Diversity and Population Structure of Ethiopian Sheep Populations Revealed by High-Density SNP Markers. Frontiers in Genetics, 8 (18), 1-14.
	GRAS, MA, PISTOL, GC, PELMUS, RS, LAZAR, C, GROSU, H, & GHITA, E. (2016): Relationship between gene polymorphism and milk production traits in Teleorman Black Head sheep breed. Revista MVZ Córdoba, 21(1), 5124-5136.
	HALEY C.S., VISSCHER P.M. (1998): Strategies to utilize marker – quantitative trait loci associations. Journal of Dairy Science, 81 (2): 85-97.
	HAYES B.J., BROWMAN P.J., CHAMBERLAIN A.C.,VERBYLA K., GODDARD M.E. (2009): Accuracy of genomic breeding  values in multi-breed dairy cattle  population. Genetics Selection  Evolution., 41 (1): 51.
	HAYES B.J., LEWIN H.A., GODDARD M.E. (2012): The future of livestock  breeding: genomic selection  for efficiency, reduced  emissions intensity , and adaption. Trends in Genetics., 29, 206-214.
	INTERNATIONAL SHEEP GENOMICS CONSORTIUM, ARCHIBALD AL, COCKETT NE, DALRYMPLE BP, FARAUT T, KIJAS JW, MADDOX JF, MCEWAN JC, HUTTON ODDY V, RAADSMA HW, WADE C, WANG J,
	KIJAS J.W., TOWNLEY D., DALRYMPLE B.P., HEATON M.P., MADDOX J.F., et al. (2009): A Genome Wide Survey of SNP Variation Reveals the Genetic Structure of Sheep Breeds. PLoS ONE 4(3): e4668. doi:10.1371/journal.pone.0004668.
	KIJAS JW, LENSTRA JA, HAYES B, BOITARD S, PORTO NETO LR, SAN CRISTOBAL M, et al. (2012) Genome-Wide Analysis of the World's Sheep Breeds Reveals High Levels of Historic Mixture and Strong Recent Selection. PLoS Biol 10(2): e1001258. https://doi.org/10...
	MARTIN P., PALHIÈRE I., MAROTEAU C., BARDOU P., CANALETABET K., SARRY J., WOLOSZYN F., BERTRAND-MICHEL J., RACKE I., BESIR H., RUPP R., TOSSER-KLOPP G. (2017): A genome scan for milk production traits in dairy goats reveals two new mutations in Dgat1 ...
	MEUWISSEN T.H., HAYES B.J., GODDARD M.E. (2001): Prediction of total genetic  value  using genome-wide dense marker  maps. Genetics, 157 (4), 1819-1829.
	MOXON E.R., WILLS C. (1999): DNA Microsatellites: Agents of Evolution? Scientific American, 72-77.

	MURITAL I., AFOLAYAN O., BEMJI M.N., DADI O.1, LANDI V., MARTÍNEZ A., DELGADO J.V., ADEBAMBO O.A., AINA A.B.J., ADEBAMBO A.O. (2015): Genetic diversity and population structure of Nigerian indigenous goat using DNA microsatellite markers. Archivos de ...
	PETROVIC P.M., PANTELIC V. (2015): Modern selection on farm animals /in Serbian/. Institut za stočarstvo, Beograd-Zemun,320pp.
	PETROVIC P.M., RUŽIC MUSLIC D., CARO PETROVIC V., MAKSIMOVIC N., CEKIC B., YULDASHBAEV A.Y., SELIONOVA M.I. (2017b): Trends And Challenges in the Genetic Improvement of Farm Animals. Proceedings of the 11th International Symposium Modern Trends in Liv...

	SASSI-ZAIDY Y. B., MARETTO F., CHARFI-CHEIKHROUHA F., MOHAMED-BRAHMI A., CASSANDRO  M. (2016): Contribution of microsatellites markers in the clarification of the origin, genetic risk factors, and implications for conservation of Tunisian native sheep...
	SEILSUTH S.,  SEO J.H.,  KONG H.S.,  JOO JEON A.G. (2016): Microsatellite Analysis of the Genetic Diversity and Population Structure in Dairy Goats in Thailand. Asian-Australasian  Journal of Animal Science, 29 (3): 327–332.
	SELEPE MM, CECCOBELLI S, LASAGNA E, KUNENE NW (2018): Genetic structure of South African Nguni (Zulu) sheep populations reveals admixture with exotic breeds. Plos One 13(4): e0196276. https://doi.org/10.1371/journal. pone.0196276.
	SHCHERBATOV V.I., ACES I.N., DIKAREV A.G., MUZYKANTOVA L.V. (2013): Methods for integrated assessment and early diagnosis of agricultural livestock productivity. FGBOU VPO "Kuban State Agrarian University", 293 pp.

	SOUHEIL GAOUAR S.B., SAMIAKDIDI, L. O. (2016): Estimating population structure and genetic diversity of five Moroccan sheep breeds by microsatellite markers. Small Ruminants, volume 144, 23-27. Abstract.
	SPEHAR M. (2013):  Genetsko vrednovanje i uvođenje genomske selekcije u govedarstvo Republike Hrvatske. Mljekarski list, 50, 6, 8-11.
	TENEVA A., DIMITROV K., CARO PETROVIC V., PETROVIC P.M., DIMITROVA I., TYUFEKCHIEV  N., PETROV N. (2013): Molecular genetics and ssr markers as a new practice  in farm animal genomic analysis for breeding and control  of disease disorders. Biotechnolo...
	TENEVA A., PETROVIC P.M. (2010): Application of Molecular Markers in Livestock  Improvement. Biotechnology in Animal Husbandry, 26, 135-154.
	TRUKHACHEV V., BELYAEV V., KVOCHKO A., KULICHENKO A., KOVALEV D., PISARENKO S., VOLYNKINA A., SELIONOVA M.,  AYBAZOV M. , SHUMAENKO S., OMAROV A., MAMONTOVA T.,  YATSYK  O., KRIVORUCHKO A., PETROVIC P.M.,  PANTELIC V., CARO PETROVIC V. (2016): MEF2B G...
	WADE C.M., GIULOTTO E., SIGURDSSON S., ZOLI M., GNERRE S., IMSLAND F. et al. (2009): Genome sequence, comparative analysis, and population genetics of the domestic horse. Science, 326 (5954), 865-867.
	WEBER J.L., MAY P.E. (1989):  Abundant class of human DNA polymorphism which can be typed using the polymerase chain reaction. American Journal of Human Genetics, 44,388-396.
	YILMAZ O., SEZENLER T., SEVİM S., CEMAL I. (2015): Genetic relationships among four Turkish sheep breeds using microsatellites. Turk J Vet Anim Sci., 39: 576-582.
	ZHANG L., LIU J., ZHAO F., REN H.,  XU L., LU J., ZHANG S.,  ZHANG  X., WEI C., LU  G., ZHENG Y., DU L.(2013): Genome-Wide Association Studies for Growth and Meat Production Traits in Sheep. PLoS ONE 8(6): e66569. doi:10.1371/journal.pone.0066569.
	ZHANG L., MA X., XUAN J., WANG H., YUAN Z., WU M., et al. (2016) Identification of MEF2B and TRHDE Gene Polymorphisms Related to Growth Traits in a New Ujumqin Sheep Population. PLoS ONE 11(7): e0159504. doi:10.1371/journal. pone.0159504.
	ZIMIN A., DELCHERA., FLOREA L., KELLEY D.,  SCHATZ M., PUIU D., ET AL. ( 2009): A whole genome  assembly of the domestic cow, Bos Taurus. Genome Biology, 10 (4), R42.


