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Abstract

The rapid development of molecular genetics in the last two decades, primarily related to the 
technological breakthrough in the field of genome sequencing of higher organisms, has made it possible 
to apply new models of work. The term (MAS – Marker Assisted Selection) was first introduced 
in the literature in 1986 (Tautz, D., 1986; Jung, Y., 1989; Spötter, A., 2001; Rothschild, M., 2003). 
Marker selection uses a DNA marker to increase the efficiency of selection work, which is based on 
the identification of a series of nucleotides (markers) for the studied selection trait. This approach 
is widely used in breeding programs as a methodological technique for intensifying the selection 
process (Varshney, R. et al., 2005; Nanuwong, N. and Bodhisuwan, W., 2014). A necessary condition 
for (MAS) is the presence of a molecular marker. Such a marker can be any fragment of DNA that is 
used to detect polymorphisms and is closely related to the gene responsible for the manifestation of 
the trait (Rothschild, M., 2007). 
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Резюме

Бързото развитие на молекулярната генетика през последните две десетилетия, свързано 
преди всичко с технологичния пробив в областта на секвенирането на генома на висшите 
организми, даде възможност да се приложат в практиката нови модели на работа. Терми-
нът (MAS – Marker Assisted Selection) за пръв път е въведен в литературата през 1986 година 
(Tautz, D., 1986; Jung, Y., 1989; Spötter, A., 2001; Rothschild, M., 2003). Маркерната селекция 
използва ДНК маркер за повишаване ефективността на селекционната работа, който се осно-
вава на идентифицирането на поредица от нуклеотиди (маркери) за изследвания селекцио-
нен признак. Този подход е широко използван в селекционните програми като методологична 
техника за интензификация на селекционния прoцес (Varshney, R. et al., 2005; Nanuwong, N. 
and Bodhisuwan, W., 2014). Необходимо условие за (MAS) се явява наличието на молекулярен 
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маркер. Такъв маркер може да бъде всеки фрагмент на ДНК, който се използва за откриване на 
полиморфизми и е в тясна връзка с гена, който отговаря за проявлението на дадения признак 
(Rothschild, M., 2007).
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The selection of farm animals is carried out 
by selecting specific animals who have the high-
est qualities. The scale and complexity of the se-
lection, the size of the population in traditional 
breeding programs require new approaches to 
which it applies (MAS). Selection by molecular 
markers has great potential for increasing the ef-
ficiency and accuracy of the breeding process in 
pigs. Several types of molecular genetic markers 
are known, which arise as a result of different 
DNA mutations: replacement mutations (single 
nucleotide substitutions SNP), displacements 
(insertions or deletions) and errors in replication 
of tandem DNA repeats. 

Genetic markers

There are several dozen molecular markers to-
day. In most cases, genotypes are determined us-
ing microsatellites (SSR – Simple Sequence Re-
peats), which are found in large quantities in the 
genome and are characterized by the presence 
of polymorphisms. Microsatellites are repetitive 
sections of DNA 2–6 bp long. Different alleles 
are characterized by a large number of repeti-
tions. These tags have several names STMS (Se-
quence Tagged Microsatellite Site), STR (Short 
Tandem Repeat), SSR (Simple Sequence Repeat). 
Microsatellites are used to determine the degree 
of heterozygosity in small populations, breeds 
and for early prediction of productivity (Zino-
vieva, N. A., 2008; Glazko, V. I. et al., 2009). 
They are widely used in animal selection, for the 
construction of genetic maps (Rohrer, G. et al., 
1996), the search for quantitative traits (QTL) as-
sociated with productive (fattening and slaugh-
ter) (De Koning, D. J. et al., 1999; Kim, S. et al., 
2019) and reproductive traits of animals (Wilkie, 
P. J. et al., 1999; Rosendo, A. et al., 2012). Marker 
selection also serves to assess genetic variation 

in the population (Putnová, L. et al., 2019) and 
to determine its structure (Swart, H. et al., 2010). 
To date, there are over 15,581 quantitative char-
acteristics (QTL) in pigs related to meat qualities 
(https://www.animalgenome.org/cgi-bin/QTLdb/
index, April 01, 2019). The swine genome study 
was used to establish the relationship between 
single nucleotide polymorphisms (SNPs) and ec-
onomically important traits (McCarthy, M. I. et 
al., 2008; Yang, H. et al., 2015). The predominant 
number of studies with swine are related to the 
influence of genetic factors on meat productivity 
(Baby et al., 2014; Casiro et al., 2017; Gonzalez-
Prendes et al., 2017; Hwang et al., 2017).

Single nucleotide polymorphisms (SNPs)

In order to more accurately assess the genetic 
potential of farm animals directly at the geno-
type level, studies are being conducted to iden-
tify informational nucleotide polymorphisms 
(SNPs) and to develop systems for DNA analysis 
of genes that affect the expression of economi-
cally useful traits (Zinovieva, N. A., 2008; Fan, 
B. et al., 2009). According to the generally ac-
cepted definition, SNPs are single nucleotide po-
sitions in nuclear DNA for which different se-
quence variants (alleles) with an allelic frequen-
cy of at least 1% can be found in the population. 
The causes of these substitutions may be spon-
taneous mutations or the influence of mutagens. 
A difference in the sequence of even one nucle-
otide pair can lead to a different manifestation of 
the trait. SNPs are characterized by a high fre-
quency in the genome and a low number of mu-
tations per generation. This distinguishes SNPs 
from microsatellites in terms of their ability to 
be used for population genetic analysis. In this 
regard, automatic identification methods have 
been developed for SNP (Linville, R., 2001). 
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A gene is a specific sequence in the DNA 
chain that is used to synthesize certain poly-
peptides or functional RNA, which subsequent-
ly determines the formation of the trait. In this 
way, the gene ensures hereditary transmission of 
the trait to the offspring. Within a population, a 
single gene may correspond to several different 
nucleotide-allele sequences. This phenomenon is 
called polymorphism, and such genes are poly-
morphic. Alleles can be dominant or recessive. 
Thus, the presence of a polymorphic gene is 
the reason for the variability in the population, 
which ensures the diversity of the trait within the 
species.

The swine genome has millions of point muta-
tions. Using DNA markers, it is possible to deter-
mine the frequency of desired alleles for breeds 
and lines and, in this regard, to select animals in 
order to increase the concentration of desired al-
leles in the study population (Zinovieva, N. A., 
2008; Kostyunina, O. V. and et al., 2012). 

DNA markers have a number of advantages 
that make them important for selection:

- Allow to clearly define homozygous and 
heterozygous genotype;

- They are not affected by environmental con-
ditions and have a coefficient of inheritance h2 
= 1.0;

- Determined regardless of age (in embryonic 
cells, blood samples, animal tissue);

- Can be determined for both sexes;
- The trait can be determined after slaughter.
Marker genes are suitable for assessing traits, 

the phenotypic manifestation of which is ex-
pressed later in life, depends on gender or its 
manifestation is influenced by environmental 
factors. Such traits are: resistance or predisposi-
tion to disease, fertility, milk production or meat 
productivity.

Depending on the number of genes influenc-
ing the manifestation of a given trait, they are 
divided into two categories:

- Main genes – a certain part of the gene can 
encode a product involved in a number of key 
processes and therefore have a very strong influ-
ence on the formation of the trait. Monogenic or 
monogenic traits are those which, in the case of 
an approximate location of a gene, make it pos-

sible to identify DNA markers located inside or 
in the immediate vicinity of the main gene;

- Polygenic traits (QTL locus traits). Polygenic 
traits include most of the economically important 
traits in farm animals. The manifestation of the 
polygenic trait is determined by different allelic 
variants of a number of loci scattered throughout 
the genome (Zinovieva, N. A., 2008).

Candidate genes

The selection of the trait we are interested in is 
initially based on the choice of genes that deter-
mine the biochemical processes associated with 
the formation of the trait. The studies are aimed 
at studying the polymorphism of these genes and 
the productive characteristics of animals carry-
ing different alleles of this gene in their geno-
type. Therefore, candidate genes are genes en-
coding key proteins involved in trait formation. 
A characteristic feature of these genes is that ini-
tially the presence of allelic variants of the gene 
and their influence on the value of the trait are 
not known (Zinovieva, N. A., 2008).

According to the literature, positional and 
functional candidate genes differ. Positional can-
didate genes are located next to the quantitative 
trait of interest (Zinovieva, N. A., 2008). Func-
tional candidate genes are genes whose action 
plays a key role in the formation of a given trait 
(Louveau, I., 2004). The presence of polymor-
phisms in these genes should be investigated in 
connection with the change in the trait (Linville, 
R., 2001). The detection of positional genes is 
used to identify the ”muscle hypertrophy gene” 
(myostatin gene), which causes the double-mus-
cled syndrome in Belgian Blue Cattle and Pied-
mont (Terman, A., 2005). A similar approach 
was used to detect the so-called ”cooked ham 
gene” in Hampshire pigs associated with meat 
productivity and meat quality (Zinovieva, N. A., 
2008). 

There are various mechanisms for genes to 
influence traits. At the same time, according to 
many authors, marker selection is effective even 
in the absence of some of them, such as pleiot-
ropy. The connection of marker genes with eco-
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nomically useful traits is used in breeding with 
a specific population of animals to achieve eco-
nomic effect (Mankowska, M., 2015).

Genetic markers can be defined as areas of 
DNA characterized by polymorphism for which 
their location on the chromosome is precisely 
established, but their biological function is un-
known. 

It should be noted that selection methods that 
use DNA markers are divided into two main 
groups: marker-assisted selection (MAS) and 
Genomic selection. Genomic selection (a term 
proposed by Hailey and Visherom in 1998) in-
volves the simultaneous study of a large number 
of markers covering the entire genome. Genomic 
selection technology is based on the use of chips 
(matrices) containing information about 50–60 
thousand SNPs associated with the main genes 
for quantitative traits. This technology has been 
developed in the works of a number of authors 
(Weisz, F. et al., 2011), who propose a methodol-
ogy for analytical assessment of breeding quali-
ties of animals with the help of a marker map 
covering the whole genome. Genomic selection 
makes it possible to determine with high accu-
racy the genes of each animal and the results of 
the manifestation of these genes when used in 
the breeding process.

 

Conclusions

The development of the method for genom-
ic selection is based on the different interac-
tions between QTL, their variability in differ-
ent breeds, the influence of the external envi-
ronment on the economically valuable traits 
of animals. This confirms the importance of a 
comprehensive study of these interactions, bio-
logical characteristics and the impact of genetic 
polymorphism on economically valuable traits 
of animals using marker selection methods. 
The greatest effect of (MAS) will be realized 
when breeding programs are adapted to make 
the best use of large-scale genotyping for more 
traits. The advantage of this complex molecu-
lar selection approach is that selection progress 
is achieved in a short time, unlike traditional 

selection. At present, the effectiveness of pig 
farming will increasingly depend on the use of 
innovative approaches in pig farming, through 
the increasing use of the possibilities of molec-
ular genetics and in particular genetic markers 
in the breeding process.

References

Baby, S., Hyeong, K. E., Lee, Y. M., Jung, J. H., Oh, 
D. Y., Nam, K. C., Kim, T. H., Lee, H. K., & Kim, J. 
J. (2014). Evaluation of genome based estimated breeding 
values for meat quality in a berkshire population using high 
density single nucleotide polymorphism chips. Asian-Aus-
tralasian Journal of Animal Sciences, 27(11), 1540-1547.

Casiró, S., Velez-Irizarry, D., Ernst, C. W., Raney, 
N. E., Bates, R. O., Charles, M. G., & Steibel, J. P. 
(2017). Genome-wide association study in an F2 Duroc x 
Pietrain resource population for economically important 
meat quality and carcass traits. Journal of Animal Sci-
ence, 95(2), 545-558.

de Koning, D. J., Janss, L. L., Rattink, A. P., Van 
Oers, P. A., de Vries, B. J., Groenen, M. A., van der 
Poel, J. J., de Groot, P. N., Brascamp, E. W., & van 
Arendonk, J. A. (1999). Detection of quantitative trait 
loci for backfat thickness and intramuscular fat content in 
pigs (Sus scrofa). Genetics, 152(4), 1679-1690. [CrossRef] 
[PubMed] 

Fan, B., Onteru, S. K., Nikkilä, M. T., Stalder, K. 
J., & Rothschild, M. F. (2009). Identification of genetic 
markers associated with fatness and leg weakness traits in 
the pig. Animal genetics, 40(6), 967-970.

Glazko, V. I., Gladyr, E. A., Feofilov, A. V., Bar-
dukov, N. V., & Glazko, T. T. (2013). ISSR-PCR and 
mobile genetic elements in genomes of farm mammalian 
species. Сельскохозяйственная биология, (2 (eng)), 
71-76. (RU)

González-Prendes, R., Quintanilla, R., Cánovas, 
A., Manunza, A., Figueiredo Cardoso, T., Jordana, 
J., Noguera, J. L., Pena, R. N., & Amills, M. (2017). 
Joint QTL mapping and gene expression analysis iden-
tify positional candidate genes influencing pork quality 
traits. Scientific Reports, 7(1), 1-9.

Hristova, D. (2015). DNA technologies for detection of 
single nucleotide polymorphisms in animal genome. Jour-
nal of Animal Science (Bulgaria) LII, 2, 86-97..

Hwang, J. H., An, S. M., Kwon, S. G., Park, D. H., 
Kim, T. W., Kang, D. G., Yu, G. E., Kim, I. S., Park, 
H. C., Ha, J., & Kim, C. W. (2017). Associations of the 
polymorphisms in DHRS4, SERPING1, and APOR genes 
with postmortem pH in Berkshire pigs. Animal biotech-
nology, 28(4), 288-293.



СЕЛСКОСТОПАНСКА АКАДЕМИЯ ● ЖИВОТНОВЪДНИ НАУКИ, LX, 1/202350

Jung, Y. C., Rothschild, M. F., Flanagan, M. P., 
Christian, L. L., & Warner, C. M. (1989). Association of 
restriction fragment length polymorphisms of swine leuco-
cyte antigen class I genes with production traits of Duroc 
and Hampshire boars. Animal genetics, 20(2), 79-91.

Kim, S., Lim, B., Kim, K., & Do, K. (2019). QTL fine 
mapping for intramuscular fat and fatty acid composition 
using high-density SNP chip array on SSC12 in Korean 
native pig× Yorkshire F2 population. Czech Journal of 
Animal Science, 64(4), 180-188. [CrossRef]

Kostjunina, O. V., Zinovieva, N. A., Sizareva, E. 
I., Kalugina, A. T., Gladyr, E. A., Getmantseva, L. V., 
Fornara, M. S., & Harzinova, V. R. (2012). POLYMOR-
PHISM OF MELANOCORTIN RECEPTOR GENE 
MC4R AND THEIR EFFECT ON THE GROWTH AND 
MEAT PRODUCTIVE TRAITS OF PIGS. Achievements 
of Science and Technology of AICis, 8, 49-51. (RU)

Linville, R. C., Pomp, D., Johnson, R. K., & Roth-
schild, M. F. (2001). Candidate gene analysis for loci 
affecting litter size and ovulation rate in swine. Journal of 
Animal Science, 79(1), 60-67.

Louveau, I., & Gondret, F. (2004). Regulation of 
development and metabolism of adipose tissue by growth 
hormone and the insulin-like growth factor system. Do-
mestic animal endocrinology, 27(3), 241-255.

Mankowska, M., Szydlowski, M., Salamon, S., Bar-
tz, M., & Switonski, M. (2015). Novel polymorphisms in 
porcine 3′ UTR of the leptin gene, including a rare variant 
within target sequence for MIR-9 gene in Duroc breed, 
not associated with production traits. Animal biotechnol-
ogy, 26(2), 156-163.

McCarthy, M. I., Abecasis, G. R., Cardon, L. 
R., Goldstein, D. B., Little, J., Ioannidis, J. P., & 
Hirschhorn, J. N. (2008). Genome-wide association stud-
ies for complex traits: consensus, uncertainty and chal-
lenges. Nat Rev Genet, 9, 356-369. doi:10.1038/nrg2344.

Nanuwong, N., & Bodhisuwan, W. (2014). Length 
biased beta-pareto distribution and its structural proper-
ties with application. Journal of Mathematics and Statis-
tics, 10(1), 49-57. DOI: 10.3844/jmssp.49.57.

Putnová, L., Štohl, R., & Vrtková, I. (2019). Using 
nuclear microsatellite data to trace the gene flow and 
population structure in Czech horses. Czech Journal of 
Animal Science, 64(2), 67-77. [CrossRef) 

Rohrer, G. A., Alexander, L. J., Hu, Z., Smith, T. P., 
Keele, J. W., & Beattie, C. W. (1996). A comprehensive 
map of the porcine genome. Genome research, 6(5), 371-
391. [CrossRef] 

Rosendo, A., Iannuccelli, N., Gilbert, H., Riquet, 
J., Billon, Y., Amigues, Y., Milan, D., & Bidanel, J. 
P. (2012). Microsatellite mapping of quantitative trait 
loci affecting female reproductive tract characteristics in 

Meishan× Large White F2 pigs. Journal of Animal Sci-
ence, 90(1), 37-44. [CrossRef] 

Rothschild, M. F., Kim, K. S., & Emnett, R. S. 
(2007). Genetic Markers for Improved Meat Character-
istics in Animals (MC4R) issued on December 4,U.S. 
Patent No. 7,303,878. Washington, DC: U.S. Patent and 
Trademark Office.

Rothschild, M. F. (2003). Approaches and challenges 
in measuring genetic diversity in pigs. Archivos de zootec-
nia, 52(198), 129-135.

Spötter, A., Drögemüller, C., Kuiper, H., Brenig, 
B., Leeb, T., & Distl, O. (2001). Molecular characteriza-
tion and chromosome assignment of the porcine gene for 
leukemia inhibitory factor LIF. Cytogenetic and Genome 
Research, 93(1-2), 87-90.

Stoikova-Grigorova, R., Stefanova, K., Atana-
sov, I., & Eneva, K. (2018). Genetic polymorphism of 
the myostatin gene (MSTN) in Danube white breed 
pigs. Zhivotnov’dni Nauki/Bulgarian Journal of Animal 
Husbandry, 55(2), 27-34.

Swart, H., Kotze, A., Olivier, P. A. S., & Grobler, J. 
P. (2010). Microsatellite-based characterization of South-
ern African domestic pigs (Sus scrofa domestica). South 
African Journal of Animal Science, 40(2), 121–132. 
[CrossRef] 

Tautz, D., Trick, M., & Dover, G. A. (1986). Cryptic 
simplicity in DNA is a major source of genetic varia-
tion. Nature, 322(6080), 652-656.

Terman, A. (2005). Effect of the polymorphism of 
prolactin receptor (PRLR) and leptin (LEP) genes on litter 
size in Polish pigs. Journal of Animal Breeding and Genet-
ics, 122(6), 400-404.

Varshney, R. K., Graner, A., & Sorrells, M. E. 
(2005). Genomics-assisted breeding for crop improve-
ment. Trends in plant science, 10(12), 621-630.

Weisz, F., Urban, T., Chalupová, P., & Knoll, A. 
(2011). Association analysis of seven candidate genes with 
performance traits in Czech Large White pigs. Czech 
Journal of Animal Science, 56(8), 337-344.

Wilkie, P. J., Paszek, A. A., Beattie, C. W., Alexan-
der, L. J., Wheeler, M. B., & Schook, L. B. (1999). A 
genomic scan of porcine reproductive traits reveals pos-
sible quantitative trait loci (QTLs) for number of corpora 
lutea. Mammalian Genome, 10(6), 573-578. [CrossRef] 
[PubMed] 

Yang, H., & Wang, K. (2015). Genomic variant anno-
tation and prioritization with ANNOVAR and wANNO-
VAR. Nature protocols, 10(10), 1556-1566. doi: 10.1038/
nprot.2015.105.

Zinovieva, N. A. (2008). Molecular-genetic methods 
and their use in hog breeding. Achievements of Science 
and Technology of AICis, 10, 34-36. (RU)


