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A b s t r a c t  
 

Domestication is considered as a model of microevolution, problems and traits of domesti-
cation in animal species that distinguish them from closely related wild species are discussed. Data 
on different levels of "signature" of domestication, such as genomic, gene, protein, metabolomic, in 
the key genes of formation of economically valuable traits are presented. It is noted that the main 
differences of domesticated species from closely related wild ones are relatively high variability not 
only at the phenotypic level, manifested in large numbers of breeds and wide areas, but also in the 
population-genetic heterogenisity, as well as functional groups of genes involved in variability. The 
accumulated data suggest that there is a “subgenome”, the increased variability of which is a source 
of genetic heterogeneity of domesticated animals, necessary for effective selection on economically 
valuable traits and adaptive potential. Literary data on the comparative analysis of the differences 
between SNP and CNV markers indicate that, mostly in genomic regions, in which are localized 
differentiating these species types the SNP and CNV markers, localized the genes which are associ-
ated with the development of the nervous and immune systems, as well as the characteristics of ani-
mal productivity in agricultural species, and involved in these processes specific genes varies depend-
ing on species, that is, similar phenotypic solutions are achieved with the involvement of different 
genetic systems (F.J. Alberto et al. 2018). It is known that almost half of mammalian genomes are 
engaged in retrotransposons (E.V. Koonin, 2016). The comparative analysis of domesticated and 
closely related wild species revealed differences in the relatively high density in the domesticated 
species the distribution of DNA fragments flanked by inverted sequences of tandem and dispersed 
repeats. It is proved that there is a certain contribution of transposing elements associated with a 
wide range of retroviral infections in the increased genetic variability of domesticated species, which 
can explain the unique genetic and phenotypic variability of domesticated animals. 
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Domestication of plants and animals is a key event in the formation of 
an agricultural civilization, which has almost completely forced out the civiliza-
tion of hunters and foragers.  

Domestication as a model of microevolution . The generally ac-
cepted definition of domestication implies a process of historic transformation of 
wild animals into domestic animals specifically adapted to satisfying human 
needs. In a negligibly short time the evolution in domestication conditions re-
sulted in the biggest morpho-physiological changes in animals and created the 
species that could not have existed in nature. It is rather difficult to describe the 
domestication syndrome [phenotypic characteristics uniting taxonomically re-
mote species and distinguishing them from closely related wild animals). The 
domestication syndrome was rather closely studied by S.N. Bogolyubskiy [1]. The 
weakened natural selection and introduction of human-defined parameters dur-
ing selection (ethology, productivity, reproductivity) were essential during popu-
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lation-specific and genetic adaptation to reproduction in the conditions of long-
term domestication and breeding of different species under continued commer-
cial selection. At the same time it is apparent that in terms of gene pool specif-
ics, the domesticated species differ significantly from their closely related wild 
species. Essentially, the domesticated species are the life sustaining basis of mod-
ern civilization. All of this requires close focus on domesticated animals because 
only in-depth knowledge of their specific characteristics allows us to develop 
efficient methods of preserving and improving new genetic resources.  

The genomic signatures of domestication. A series of studies (at 
molecular level from an organism to a population structure of a species) are dedi-
cated to genomic differences of domesticated species from their closely related 
wild species ("domestication signature") of pigs [2], large and small ruminants [3, 
4], horses and donkeys [5-7]. Not all domestic species have a complete set of 
these characteristics; however, each species has many to a certain extent. The 
combination of these characteristics was called the domestication syndrome.  

The complexity of genomic makeup stipulates the diversification of ele-
ments selected for analysis of genomic distinction. Usually, molecular-genetic pol-
ymorphism markers of structural gene sections are used that encode the amino 
acid sequences of proteins (electrophoresis protein versions), non-coding sec-
tions of structural genes and various DNA sequences, the connection of which 
with structural genes is, as a rule, unknown. The studies analyze genomic distri-
bution of short repeats (RAPD, ISSR, AFLP markers), microsatellite loci (tan-
dem repeats 2-6 nucleotides long), use the data of whole-genome sequencing, 
compare single-nucleotide polymorphisms (SNP) and copy number variability 
(CNV).   

Full genetic sequencing of the following species has already been per-
formed: chicken Gallus gallus domesticus and ancestral species of G. gallus [8], pig 
and wild boars [9, 10], ancestral primitive bovine cattle and modern bovine cattle 
breeds [11], domesticated sheep and moufflon, goats and bezoar goats [4, 12], 
domesticated horse and Mongolian wild horse [13-15], domesticated and com-
mon rabbit [16, 17]. The basic conclusion is that most of SNP and CNV mark-
ers differentiating the domesticated and wild species fall within gene localization 
areas pertaining to the development of the nervous and immune systems and 
productivity of domesticated animals, and these genes vary depending on species, 
i.e., identical phenotypic effects are achieved with involvement of different genetic 
systems [12]. We will review some genomic domestication signature types below. 

Domestication signature for milk proteins . We have analyzed 
the frequency of allele versions and genotypes based on genes encoding milk pro-
teins (-casein, -IS casein, - lactoglobulin) and two key enzymes of lipid syn-
thesis (acyl-СоА- diacylglycerol acyltransferase  1 and stearyl-СоА-desaturase 1) 
in dairy (black-and-white  Holstein breed and Ayrshire breed) and beef (Aber-
deen-Angus and Kalmyk breed) bovine cattle. In combination with analysis of 
literature these studies have shown that allele versions of candidate genes involved 
in metabolic pathways that determine the specifics of milk productivity formation 
in analyzed breeds do not allow reliably forecasting the quality of milk; however, 
allele versions of -casein и stearyl-СоА-desaturase 1 [18] can be used for quality 
forecast (micelle size and suitability for production of hard cheese, enrichment 
with desaturated fatty acids). 

A mutation was identified in exon 4 of -casein gene in bovine cattle, 
which results in a small size of milk micelles, which is required for quality 
cheese production. The study of this exon in different species showed that the 
ratio between nonsynonymous and synonymous substitutions significantly varied 
both inside the family and among families [19]. In whole protein the quantity of 
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nonsynonymous substitutions is noticeably higher only for Bovinae species (0.045 
versus 0.036), whereas in the other cases there were more synonymous substitu-
tions, as is generally accepted for the evolution of protein-coding sequences [19). 
At the family level, the differences in rate of divergence of this section are statisti-
cally valid only when making general comparisons for all studied Bovinae species 
and Caprinae species, which is indicative of a high rate of amino acid substitution 
in protein after divergence of these families. Its has also been found that amino 
acid sequence of -casein that corresponds to exon 4 is identical for closely relat-
ed Bos taurus and B. indicus species that diverged less than 3 million years go 
(with the exception of 148 position substitution of B. taurus) and corresponds to 
the allele version bovine cattle В -casein preferable for cheese production [18, 
19]. We can assume that domestication of zeboid cattle and bovine cattle 
emerged in different centers: the first occurred in India, the second occurred in 
the Mediterranean region [20, 21]. Consequently, the allele version of -casein 
В occurred after domestication of bovine cattle in the Mediterranean region and 
was preserved due to selection, which was more active in the European agricul-
tural tradition than in the Indian tradition. 

K-casein of С-end domain contains all sites of posttranslational phos-
phorylation and glycosylation [22]. The carboxyl groups are associated via glyco-
side O-link with threonine and serine residue of -casein, whereas 50% of С-
domain contains residue of Thr and Ser, a part of which can also be phosphory-
lated. The physical properties (dimensions, solubility) and reactivity of micellar 
casein significantly depend on phosphorylation and glycosylation [22, 23]. During 
the process of Bovinae family formation the evolution is fastest in the gene segment 
corresponding to the С-end domain [19]. In Bovinae family, the total quantity of 
Thr and Ser residue in protein remains unchanged when their positions change, in 
other families both the quantity and position of residue remains. This can in some 
way explain the increase nonsynonymous and synonymous substitutions ratio in 
Bovinae cattle that we observed. By some accounts, uneven distribution of glyco-
sylation in -casein С-domain can be accompanied by differences in its inhibiting 
Helicobacter pylori causing gastrointestinal diseases [23]. It can be expected that 
the observed fast evolution of amino acid sequence of this -casein section is at-
tributable to adaptation of closely related Bovinae species to different pathogens. 
Therefore, positive selection (fast accumulation of nonsynonymous substitutions) 
is observed only for one section of -casein molecule, its С-domain, and only for 
Bovinae species in the course of their divergence during a relatively short period 
of time. This can possibly be attributable to breed differences in feeding that 
emerged after divergence (due to domestication of most researched family repre-
sentatives), which triggered a need to adapt to different pathogens of the gastroin-
testinal tract [19].  

Metabolomic domestication signatures . We have compared pol-
ymorphism for 30 loci of different protein groups in genetic pools of domesticat-
ed and closely related wild species from two orders: Artiodactyla (artiodactyles) 
and Perissodactyla (perissodactyle), including wild zoo species (biosphere re-
serves "Askania-Nova") and bovine cattle and horses from different households 
in Russia and Ukraine (26 species and interspecific groups, 12 species total) [24, 
25]. The analysis was supplemented with population and genetic evaluation of 
differentiation of 18 species of soya bean (Glycine max) from different countries 
and 3 populations of wild Ussurian soybean from different regions  of the Far 
East: Soja ussuriensis Moench (the presumed ancestral species of soybean). The 
average degree of polymorphism for analyzed loci was somewhat higher for do-
mesticated animal species and plants. For domesticated animals this parameter 
varied from 0.036 (for pigs) to 0.171 (of bovine cattle), for closely related wild 
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species: from 0.017 (Grant's zebra Equus quagga boehmi) below 0.135 (Tauro-
tragus oryx eland). The groups of species were distinctly differentiated in terms of 
contribution of different functional genetic and biochemical systems to 
polymorphism. For instance, the percentage of polymorphic loci in intracellular 
energy metabolism enzymes scaled to the number of species analyzed for do-
mesticated representatives, was 0.179 for hollow-horned species, 0.629 for wild 
species, for metabolism enzymes of exogenous substrates: 0.464 and 0.193 re-
spectively, for transport proteins: 0.357 and 0.178 [25], which means that univer-
sal difference of domesticated species from their closely related wild species lies 
in the increased enzyme polymorphism: for domesticated species of the substrate 
metabolism (associates the animal metabolome with environment substrates), for 
their closely related wild species: of intracellular energy metabolism (glycolysis, 
pentose-phosphate pathway, Krebs cycle) [26, 27]. In other words, in one case 
there was adaptation to broad substrate specificity, in the other case it was op-
timization of intracellular energy supply with a narrow substrate range.  

By analyzing the biochemical markers of total metabolism in agricultural 
animals we may presume that there exists some connection between the intensity 
of form-building interspecific processes (the quantity of breeds can reflect it) and 
genetic genetic variability of a species. We have compared it for the "golden five" 
agricultural animals (goats, sheep, bovine cattle, pigs and horses). The lowest 
variability evaluated according to the percentage of polymorphic loci (Р) and 
mean heterozygosity per locus per individual (Н) (maximum values are listed fur-
ther) were identified in goats and pigs (Р is 0.03 and 0.02, respectively, Н is 0.05 
and 0.07), and the highest value was typical of bovine cattle (Р = 0.52; Н = 0.18), 
which corresponds to the highest number (1500 of bovine cattle breeds. For 
horses these parameters were somewhat lower (Р = 0.4, Н = 0.16). The accumu-
lation of data is still insufficient to assert that there is a direct connection between 
the degree of genetic variability of biochemical markers of total metabolism key 
links and potential capacity of agricultural species to create new forms; however, a 
certain interconnection between these faxts is apparent.  

Structural genes of dairy and beef productivity . The genetic 
pools of autochthonous displaced bovine cattle breeds are almost completely unin-
vestigated for commercially valuable allele versions of structural genes, which 
could be used directly in the modern practical selection. We have determined 
the occurrence rate and distribution of allele versions of six structural genes 
closely connected with productivity formation [18]. These are the following 
genes: growth hormone (GH), pituitary-specific transcription factor of growth 
hormones and some milk proteins (Pit-1), leptin lipid exchange hormone (LP), 
myostatin, the negative regulator of myogenesis and muscle tissue regeneration, for 
which "dual muscle system" mutations nt821(del11) of Belgian Blue cattle and 
Q204X of Piedmontese cattle were described, -casein (CSN3), the milk micelle 
protein, and -lactoglobulin (BLG), the basic whey protein. Polymorphism of 
most genes was analyzed using PCR-RFLP method (amplification of structural 
gene fragments limited by matched pairs of flank primers with a restriction analysis 
of segments obtained). We arrived at a conclusion about presence of a mutation 
in myostatin gene by amplification product length without restrictions [26, 27]. 
We compared bovine cattle breeds in different breeding regions: Gray Ukrainian 
cattle (Kherson region, 34 animals; the Altai Territory, 32 animals); Red Polish 
cattle (Teropil region, 60 animals, Poland, 87 animals); White-Headed Ukrainian 
cattle (Sumy region, 35 animals); Brown Carpathian cattle (Ivano-Frankivsk re-
gion, 22 animals); Yakutian cattle (Novosibirsk region, 18 animals). Polymor-
phism of certain genes (specifically, myostatin) was studied on beef breeds (Her-
efords, Aberdeen-Angus, Charolais). The analysis also included wild representa-
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tives of bovine subfamily (Bovinae): Ankole-Watusi (Bos taurus macrocerons), ga-
yals (Bibos gaurus frontalis), aurochs (Bison bonasus), bisons (Bison bison), a repre-
sentative of spiral-horned antelope subfamily (Tragelaphinae) canna (Taurotragus 
oryx), which are reproduced in Askania-Nova biosphere reserve [26, 27]. It turned 
out that allele versions associated with commercially valuable characteristics of 
domesticated forms almost never occur in closely related species (for instance, 
according to CSN3); moreover, as a rule, in indigenous species the rate of occur-
rence of such alleles is higher than in commercial breeds. At the same time, the 
highly productive breeds do not have complex genotypes for desirable alleles (in 
different genes) in spite of distinct differences between the breeds.  

The analysis of interlocus associations demonstrated that linkage disequi-
librium is a very irregular characteristic, which varies in different breeds and 
within intraspecific groups regardless of gene synteny (colocalization in the link-
age group) [28]. Earlier, we have identified statistically-valid disequilibrium of 
locus linkage of transferrin and -casein (bovine cattle chromosomes 1 and 6) 
and lack of such disequilibrium in syntenic transferrin and ceruloplasmin (chro-
mosome 1); disequilibrium in locus linkage of -casein and growth hormone in 
Brown Carpathian cattle (chromosomes 6 and 19), but its absence in Grey 
Ukrainian cattle [18]. This implies high variability of interlocus associations re-
gardless of synteny for domestic species [29, 30]. As we have observed, in certain 
cases interlocus associations can be used as additional characteristic of genetic 
structure of species and intraspecific groups.  

Genetic signature of artif icial selection for variability of a 
complex of genomic segments (subgenome). It is still unclear whether ge-
netic pool specifics of domestic animals (their capacity to create a great amount 
of genetic ensembles underlying stable morphofunctional types) are attributable to 
the fact that wild and domestic species differ in terms of polymorphism of differ-
ent genetic systems. This assumption was made as far back as 30 years ago [24] 
and received a number of confirmation [31]. We analyzed the contribution made 
to polymorphism of a species by polymorphism of various functional protein 
groups [25]. For calculations we took mean heterozygosis of a species to be equal 
to 1 and evaluated its percentage created by polymorphism of each group. We 
studied primary genetic and biochemical systems used as markers of structural 
genes in more than 1000 animal and plant species analyzed so far [32]. These are 
three protein groups with different biochemical functions: the enzymes of intracel-
lular energy metabolism, metabolism of exogenous substrates and transport pro-
teins. By averaging the contribution of polymorphism of each group we discovered 
that wild and domestic animals differ by variability predominance of various ge-
netic and biochemical systems (as is the case with morpho-physiological parame-
ters). Which means that in case of artificial selection (unlike natural selection) the 
polymorphism of enzymes, associated with intracellular energy, declines, and pol-
ymorphism of enzymes that have broad specificity and metabolizing exogenous 
substrates increases. The varying contribution of functional protein groups in total 
polymorphism that we discovered in wild and domestic mammalian species corre-
lates well with the assumptions about a link between formation of species with 
reorganization of cell energy supply mechanisms [24] and the factor that artificial 
selection (with the exception of cross-species hybridization) usually does not result 
in emergence of new species.  

Apparently, natural selection facilitates the formation of species by sup-
porting enzyme polymorphism of intracellular energy metabolism, and artificial 
selection facilitates the emergence of new forms with a high degree of adaptation 
to exogenous substrates. It is possible that the scope of phenotypic variation of 
domesticated species is connected with a variety of metabolic rates of exogenous 



664 

substrates. The latter allows us to assume that there is a subgenome, i.e. the genes 
encoding the systems involved in metabolism of these substrates. Its variability 
determines the involvement of a species in domestication and is important for 
broad phenotypic variety of domestic animals and is necessary for their directed 
breeding. 

When analyzing enzyme system polymorphism of soybean breeds, popu-
lations of wild Ussurian soybean and five other species of wild soybean, all groups 
displayed monomorphism for 21 loci out of 42 [25]. The genetic and biochemical 
systems of plants were divided into two groups: enzymes involved in the creation 
of adenosine triphosphate in a cell (glycolysis, Krebs cycle), i.e. those involved in 
glucose metabolism (G), and the rest of the enzymes not involved in metabolism 
(NG). The analysis covered 21 enzyme loci of each group. Seven polimorphic loci 
were identified in the population of wild species, including one NG locus (ESTD-
1) and 6 G loci. All in all 19 loci were identified for soybean breeds (11 for G, 8 
fpr NG). Up to 86% polymorphic loci of wild soybean participate in controlling 
the intracellular energy metabolism, which is only 58% for domestic soybean; 
moreover, there were 3 times more (42%) of polymorphic loci non involved in 
glucose metabolism than for wild species (similar was observed for domestic an-
imals). Consequently, we can assume that plants also have a subgenome involved 
in regulating the links between the internal and external biochemical environ-
ments via metabolism enzymes of exogenous substrates and  transport protein.  

The scope of genetic variability for G. max is larger than for G. soja (the 
percentage of polimorphic loci Р is 45 and 17%), which means that a domesti-
cated species is more polimorphic than its closely related wild species [25-27]. 
The interspecific genetic distances (DN) constituted from 0.059 to 0.129 and 
from 0.038 to 0.264 respectively. Consequently, for soybean the interspecific dif-
ferentiation of breeds is comparable with the interspecific differentiation of 
populations of a closely related wild species.  

Therefore, domesticated breeds have a higher protein variability that de-
termines the metabolic link with the environment, and control of intracellular 
energy transformation is more stable. The comparison of electrophoretic protein 
(enzyme) versions allows us to accentuate the domestication characteristics related 
to a relatively high polymorphism of genetic and biochemical systems controlling 
the exogenous substrate metabolism (and transportation proteins for animals).  

Genomic signature of artif icial selection. The transition to polylo-
cus genome genotyping and scanning (from analysis of several hundreds markers 
to complete sequencing) is the primary characteristic of modern population ge-
nomics [33].  

The application of RAPD markers (randomly amplificated polymorphic 
DNA) is restricted to the ability of PCR-amplification of DNA segments flanked 
by inverted decanucleotid repeats [34]. Not every nucleotide sequence in inverted 
in a genome with high frequency and can be used as primer. For interspecies and 
intraspecies studies of Еquidae family members, UВS-85 and UBS-126Е primers 
are suggested [35]. With these primers we identified the largest similarity of do-
mestic horse and bovine cattle (grouped in a separate dendrogram cluster) 7 wild 
and 2 domesticated species of artiodactyles and perissodactyles. These data can 
be construed as a confirmation of a certain similarity in genome variability of 
domesticated species [36, 37].  

The ISSR analysis (inter-simple sequence repeat) allows increasing the ac-
curacy of annealing. The products of ISSR-amplification contain an inverted mi-
crosatellite primer sequence on their flanks, and the resulting fingerprint is usually 
reproduced better than in RAPD [38-42], whereas the identified polymorphism is 
higher. The amplification is conducted with one or several primers of 15-24 nu-
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cleotides in length [38] consisting of short tandem repeats (2-4 nucleotides) and 
one selective nucleotide at 3´-end. The microsatellite sequences surround many 
genes [38] and can be used for them as anchor sequences. Both RAPD and 
ISSR do not require preliminary cloning and sequencing for primer selection 
[38-42]. When using 3 dinucleotide and 12 trinucleotide ISSR-PCR primers, 
310 amplicons [25-27] were identified for 11 domesticated and wild species, and 
short amplicons were reliably more frequent in domesticated species. 

In IRAP-PCR (inter-retrotransposon amplified polymorphism) [38], a 
segment between the primers is amplified, which are complementary to two ad-
jacent retrotransposons (typically these are segments of long terminal repeats of 
LTR endogenous retroviruses) in alternative DNA chains with REMAP-PCR (re-
trotransposon-microsatellite amplified polymorphism) located between the primers 
for LTR retrotransposon fragment and next to the located simple microsatellite 
repeat acting as an anchor (SSR-primer) [43, 44]. In REMAP and IRAP, the 
primers for 3´- and 5´-end LTR are used. Some retrotransposons (for instance, 
BARE-1) are distributed along the genome length relatively evenly [43, 44], some 
short retrotransposons, such as MITE, are rather often localized near coding se-
quences [45]. The REMAP markers can be useful when studying genomic singu-
larity of domestication: they are flanked with a microsatellite sequence, therefore 
it is more probable that amplified fragments are evenly distributed in chromo-
somes and are not clustered in the areas of retrotransposon concentrations [46]. 

The retrotransposons are closely connected with microsatellites, for in-
stance, in bovine cattle genome [47]. The endogenous retroviruses are very 
common in genomes of main domesticated species [48, 49]. Interestingly, re-
trotransposons resulted in significant intragenomic differentiation of laboratory 
murine lines with different sources (C57BL and BALB) during a relatively short 
period of time (a little more than 100 years) [50, 51]. The usage of one re-
trotransposon (Alu) was described (due to its wide occurrence) for human ge-
nome scanning [52, 53]. 

The study of species-specific ISSR-PCR marker formations using an-
cient Altai horse breed as an example has shown [46] that genomic fragment with 
the size of 416 nucleotide pairs flanked by an inverted repeat (AG)9C was formed 
as a result of recombination between ancient mobile elements (fish DNA trans-
poson and LTR ERV3, which is  typical for many mammals) and ERV1 endoge-
nous retrovirus sequence specific for horse genome. In Altai horse DNA the seg-
ment with the size of 235 nucleotide pairs had homology only with domestic 
horse ERV1, which is indicative of its apparent later origin than, for instance, 
homology segment with LTR ERV3. The high correlation (r = 0.9) between in-
tegration frequency of endogenous retrovirus sequences with the size of 235 nu-
cleotide pairs and chromosome length points to the fact that domestic horse un-
dergoes further transpositions, recombination and evolution of endogenous retrovi-
rus sequences. Similar correlations between integration frequency of segments of 
endogenous retrovirus sequences and chromosome length were observed in bovine 
cattle genome [54]. These integration regions are often depleted with CG se-
quences and enriched with AT [54]. The relatively even distribution over horse 
chromosome length is also described for segments homological to a fragment of 
long end repeated sequence of ERV3 beta1 endogenous retrovirus [55]. It was ar-
gued that spread of retrovirus end repeated sequence (in absence of more than 
one full-size copy of the latter) can occur according to the following pattern: at 
first the endogenous retrovirus integrates in the genome on a wide scale with sub-
sequent exposure of most formed copies leaving traces of multiple iterations in 
the form of small terminal sequences [55]. Significant homology has been observed 
between EqERV beta1 of domestic horse and unclassified endogenous retrovirus in 
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bovine cattle genome and MMTV murine retrovirus – the phylogenetic ancestor of 
viruses of hoofed mammals; therefore, we can expect that both studied species were 
first infected with murine virus [55]. In the course of transposition and recombina-
tion the descendants of endogenous retroviruses can cause explosive outbreaks of 
mutational variability. Now therefore, the assumption that the genomic elements 
associated with such highly variable nucleotide sequences could particularly be 
involved in a wide-scale phenotypic variation characteristic of domesticated spe-
cies seems only logical.  

The nucleotide sequence of endogenous retrovirus make a significant 
contribution to the families of endogenous retrovirus, fragments of which and 
products of recombination of which with other mobile elements constitute an 
almost the main part of dispersed repeats of mammal genomes [49, 54, 56]. De-
tailed databases have been created containing full-size endogenous retrovirus 
available in genomes of primary domesticated mammals [49]. The horizontal 
transfer of some retrotransposones that unites the genomes of taxonomically re-
mote species [57, 58] was described and its essential role in the evolution of ver-
tebrates is being discussed [59]. The viruses and mobile genetic elements are 
thought of as drivers of evolution [60]. A close link between microsatellites and 
retrotransposones is known [61-63]. In our studies we have shown that in ge-
nomic DNA fragments flanked by inverted repeats of microsatellite loci segments 
both in horses and bovine cattle the frequency of recombination predominantly 
among retrotransposones is high [64, 65].  

Now, therefore, it is apparent that in most cases the studied phenotypic 
characteristics and relevant gene systems are linked with species-specific com-
mercially valuable characteristics. It was Charles Darwin who thought of do-
mestication processes as accelerated evolution under the influence of artificial 
selection [66]; however, there is still no clear definition of what domestication 
really means and what are its genetic mechanisms. Some researchers suggest 
viewing domestication as a result of interactions stable in many generations, 
when one species significantly affects the reproduction and survival of the oth-
er [67]. One of the conditions of transformation of a wild animal in a domestic 
animal is reproduction under any conditions of maintenance, feeding, space 
constraints, reduced motor activity and adaptation to human presence. This is 
due to the change of animal behavior – one of the first and brightest domesti-
cation results. In fact, domestic animals differ from wild animals primarily by 
its reaction to humans. In other words, domestication is a coevolution process 
(in essence, symbiosis), when the population adapts to anthropogenic envi-
ronment by combining genetic changes. 

The modern concept of phenotypic variation describes the manifestation 
of characteristics as a result of interaction of a genotype and factors affecting the 
realization of genetic information (the maintenance and reproduction condi-
tions, microbiome, pollutants and pathogens). This process is exercised at differ-
ent interdependent levels (transcriptome, proteome, metabolome, microbiome) 
creating nonlinear links (for instance, singular changes in transcriptome can re-
sult in multiple changes in metabolome, and vice versa); moreover, direct im-
pact of environmental factors is possible at each level [68, 69]. 

The varying impact of enzymes of intracellular energy metabolism ob-
served by us, and exogenous substrate metabolism in total polymorphism of wild 
and domestic mammal species correlates well with the absence of formation of 
species during selection and its link with reorganization of energy supply of cells 
during evolution. By taking into account the specificity of selection and the 
choice of livestock population, the similarity of protein polymorphism of wild 
and domestic animals is unexpected, especially since allozyme  divergence in 
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wild species is linked to formation of species, whereas in domestic animals it is 
linked solely to high morpho-physiological variability. Consequently, natural and 
artificial selection should have different impact on polymorphism of different 
genetic and biochemical systems and not on overall scope of genetic variability.  
We have confirmed this hypothesis by comparing the contribution of protein 
functional group polymorphism to the total genetic variability of wild and do-
mestic species. 

As it turns out, the domestic species are significantly more uniform than 
wild species in terms of polymorphism of certain biochemical markers, such as 
transferrin, esterase, diaphorase, acid phosphatase, catalase and albumin [24]. 
This also supports the hypothesis about dissimilar impact of natural and artificial 
selection on genetic variability due to impact on different metabolic links, which 
results in polymorphism of various biochemical markers.  

Presumably the expansion of habitat of domesticated species migrating 
alongside humans increased the number of contacts with retroviruses and result-
ed in emergence of new transposable elements in the genome. By inhibiting re-
current infections they preserved in the course of natural selection and at the 
same time increased genetic variability (insertion mutagenesis, recombination 
processes) causing mutations essential for artificial selection. Please note that a 
link between the emergence of allele versions essential for selection distinguish-
ing domesticated species from closely related wild species, as well as integration 
of mobile genetic elements in coding sequences [31] was observed in many stud-
ies. The involvement of transposable elements in genome divergence of closely 
related and wild species could explain some empirical data, for instance, the ac-
celerated rate of evolution of a number of genetic elements in genomes of do-
mesticated species [31] and higher frequency of occurrence of short fragments of 
genome DNA flanked by inverted repeats in domesticated cavicornians than in 
closely related wild species [27].  

To summarize, the findings point to the fact that animal and plant spe-
cies have characteristics of domestication that differ them from their closely re-
lated wild species not only at the level of complexes of phenotypic characteris-
tics, but also in terms of polymorphism of structural genes encoding the proteins 
and enzymes, and in terms of occurrence of invested repeats of microsatellite 
loci, mobile genetic elements and segment duplications in the genome. We can 
anticipate that common retroviral infections can be one of the mechanisms be-
hind such differences. In order to describe the common and specific genetic 
make-ups of domestication we need to identify the source of unique genetic var-
iability of domesticated species that display increased variability of total metabo-
lism (with identical scale of genetic and biochemical variance) defining the link 
between biochemical processes in internal and external environments, genetic 
systems of intracellular energy transformation control are more stable (glycolysis, 
Krebs cycle). We can expect that the systems involved in exogenous substrate 
metabolism are coded by the genes of "subgenome," the variability of which is 
linked to phenotypic flexibility and determines the possibility of involving a spe-
cies in domestication. 
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