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The comparative analysis of the multilocus spectra obtained on the basis of use as primers in 
polymerase chain reaction of fragments of long terminal repeats (LTR) of endogenous retroviruses – 
SIRE-1, PawS5, BARE-1, BERV-K1 and BERV β-3 – in a number of breeds of cattle, sheep and 
horses was carried out. We compared the obtained multilocus spectra with homologous sequences 
from the reference genomes of cattle, sheep, horses, represented in GenBank, and miRNAs 
databases. It was discovered that the complexity of the resulting multilocus spectra could be related 
to the frequency of homologous sites to primers in the genomes of the studied species, the functional 
significance of the genomic elements that are associated with them and the comparative “oldness” of 
endogenous retroviruses. The most significant interbreed differences in cattle and sheep were 
detected in the spectra of PawS5 and BERV β-3 primers, in horses – in SIRE-1 and PawS5 spectra.  
 
 

  
 

 
 

 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

 
 

 
 

 

 
 

 
  

 
 
 

 

INTRODUCTION  
 

Genetic resource management requires the development of 
easy to interpret and low-cost generations of molecular genetic 
markers that could identify multilocus genotypes of farm 
animals, evaluate the features of gene pools of various groups 
of animals, and plan and predict their consolidation and 
variability. In order to identify genomic targets for artificial 
selection associated with the desired development of 
productivity traits in beef and dairy cattle, genomic maps of 
mononucleotide polymorphism distribution (Single Nucleotide 
Polymorphisms — SNP) have been developed. However, the 
associations between SNP and productivity traits were breed-
specific and characterized by ahigh intrabreed variability (Zhao 
et al., 2015). To increase the efficiency of genomic domain 
revealing, polymorphism of which could be used to solve the 
problems of genomic selection, a new generation of markers 
were being employed in addition to SNPs, which were based 
on the analysis of polymorphisms of the copy number of short 
DNA segment of at least 1 kb in size (Copy Number 
Variability — CNV; Scherer et al., 2007) and their genomic 
distribution (Xu et al., 2014, 2016; Bickhart et al., 2016). It 
was found that using these two approaches (SNP and CNV) for 

multilocus genotyping of cattle genomes also did not lead to 
consistent results (Xu et al.,  2014).  
 

Solving the problems of multilocus genotyping or genome 
scanning has significantly changed with the emergence of 
complete genome sequencing. However, the results of this 
approach had made it possible to identify a far greater 
intrabreed and intraspecies variation of nucleotide sequences 
than it was previously assumed. For example, a direct 
comparison of genome sequencing results of 62 bulls from 
three breeds of dairy cattle (Holsteins, Montbéliards, 
Normandes) allowed to confirm a high level of polymorphism 
in different genomic regions (Boussaha et al.,  2015).  It was 
known, that a large part of farm mammal genomes is almost 
half-composed of dispersed repeats closely associated with the 
spread of endogenous retroviruses (Tellam and Worley, 2009). 
In this regard, in search of a new generation of molecular 
genetic markers, we had previously performed comparisons of 
multilocus spectra in different farm species using in 
polymerase chain reaction (PCR) as primers the fragments of 
long terminal repeats of five endogenous retroviruses (Inter-
Retrotransposon Amplyfied Polymorphism — IRAP-markers) 
identified in plants and animals (Elkina et al.,  2015; Glazko et 
al.,  2015).  
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A comparative analysis of polymorphism of genomic DNA 
fragments of different lengths derived from multilocus spectra 
of IRAP-markers in breeds of cattle, sheep and horses was 
performed in this study.  
 

MATERIALS AND METHODS 
 

The analysis included the multilocus spectra of IRAP-markers 
in cattle (173 animals), such as holsteinized Black-and-White 
breed (Moscow and Moscow Region), Yakut (Sakha Republic), 
zebu-like cattle (Moscow Region); sheep (119 animals), such 
as Edilbay breed (Volgograd Region), Kalmyk (Kalmykia 
Republic); horses (155 animals) — Altai breed (Altai 
Republic), Karachay breed (Stavropol region), and Trotters 
(Moscow Region). 
 

Genomic DNA was isolated from peripheral blood cells of the 
tested animals using a commercial reagent kit DNA-Extran-1 
(Syntol, Russia). IRAP-PCR was performed using a modified 
procedure by Zietkiewicz E. and coauthors (Zietkiewicz et al., 
1994). Oligonucleotide sequences (Syntol, Russia) homologous 
to terminal inverted fragments of mobile elements were used as 
primers: LTR SIRE-1 
(GCAGTTATGCAAGTGGGATGAGCA, LTR SIRE-1 
primer), R173 family (AACGAGGGGTTCGAGGCC, PawS5 
primer), BARE-1 (CCAACTAGAGGCTTGCTAGGGAC, 
BARE-1 primer), bovine endogenous retroviruses BERV K-1 
and BERV β-3 (TATCAGGCCTCTCCGCATG, BERV k-1 
primer; GGACCTTCTCCTTCAAGGC, BERV β-3 primer). 
PCR was performed in a total volume of 20 μL using a 
commercial reagent kit for RT-PCR (Syntol, Russia). 
Amplification conditions: initial denaturation (t = 94 °C, 2 
min.); denaturation (t = 94 °C, 30 sec.), annealing (t = 55 °C, 
30 sec.), elongation (t = 72°C, 2 min.) - 30 cycles; final 
elongation (t = 72 °C, 10 min). PCR was performed on a 
Tertsyk thermocycler (DNA Technology, Russia). The 
amplification products were separated on horizontal 1.5 % 
agarose gels. Gels were stained with ethidium bromide. DNA 
fragment sizes were determined with the help of a molecular 
weight marker of 100 bp + 1.5 Kb + 3 Kb (12 fragments of 100 
to 3,000 bp) M27 (SibEnzyme, Russia). Each fragment in the 
obtained DNA spectra was regarded as a distinct locus. The 
presence/absence of a fragment of a particular length in the 
spectra was assessed as locus genotype. Phylogenetic 
calculations were performed in TFPGA open access software. 
PIC (Polymorphic Information Content) score calculation was 
carried out using the formula for biallelic loci based on the 
Hardy-Weinberg principle, for which PIC = 2f(1 – f), where f 
is the frequency of one of the two alleles. 
 

Using BLASTn program algorithms optimized for highly 
similar sequences, a search was performed in the reference 
genomes of cattle, sheep, and horses represented in the 
GenBank sequences for regions homologous to the DNA 
fragments which were used in the PCR as primers (resource 
http://www.ncbi.nlm.nih.gov). To assess the presence of 
homology between selected primers and microRNAs, the 
microRNA database at http://www.mirbase.org/ was used. 
 

RESULTS AND DISCUSSION 
 

Genotyping was performed on the PCR spectra obtained with 
the use as primers of the fragments LTR different endogenous 
retroviruses: in total on 64 loci of cattle breeds – primers LTR 

SIRE-1 (14 loci), PawS 5 (14 loci), BARE-1 (11 loci), BERV 
k-1 (18 loci), BERV β-3 (7 loci); on 75 loci in sheep genomes 
– primers LTR SIRE-1 (16 loci), PawS 5 (17 loci), BARE-1 
(16 loci), BERV k-1 (14 loci), BERV β-3 (12 loci) and on 54 
loci in horse genomes – primers LTR SIRE-1 (10 loci), PawS 5 
(19 loci), BERV k-1 (14 loci), BERV β-3 (11 loci).  
 

The spectra of genomic DNA fragments (amplicons) of the 
studied animals were divided into three groups according to 
their lengths which were calculated based on a molecular 
weight marker: "light" (100 to 900 base pairs [bp]), "medium" 
(900 to 1,900 bp) and "heavy" (1,900 to 3,000 bp) (see Figure 
1). It is assumed, that these groups represent a relatively close 
(light fragments, distance from 100 to 900 bp) position of 
regions homologous to the location of the long terminal repeat 
(LTR) fragments of endogenous retroviruses in the alternative 
DNA strands, while a distant location of such sequences results 
in the formation of heavy fragments (from 1,900 to a maximum 
length of approximately 3,000 bp that is potentially amplifiable 
under the amplification conditions used), and a group of 
medium-sized DNA fragments with intermediate length values.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data obtained as a result indicate the complex organisation 
of spectra of amplification products derived when using the 
different LTR types as primers in PCR (see Figure 2-6).  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1 Spectra of Holstein (Black-and-White) cattle genomic DNA 
fragments flanked by inverted repeats of LTR SIRE-1, PawS 5, BERV β-

3, BERV k-1 (M-marker of molecular weights of 3,000, 1,500, 1,000, 
500 bp) 

 
Figure 2 Contribution (in %) of heavy, medium and light amplicons to the 

spectra of genomic DNA amplification products obtained when using in 
PCR fragment of SIRE-1 sequence as a primer: 1 - Black-and-White cattle, 
2 - Yakut breed, 3 - Zebu-like cattle; 4 - Edilbay sheep (Suyunduk type), 5 

- Edilbay sheep (Birilik type), 6 - Kalmyk sheep. 
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Thus, for the investigated cattle breeds, it was discovered that 
light DNA fragments were the major contributors (nearly half 
of the spectrum) to the spectra of LTR SIRE-1, PawS 5, 
BARE-1, BERV k-1 primers, especially in the ERV K-1 primer 
spectra (over 50 %), and only in the BERV β-3 primer spectra 
almost a third of the spectrum was represented by heavy 
fragments. No significant interbreed differences were found for 
this feature. In sheep as well as in the cattle, light DNA 
fragments made the major contribution (almost half of the 
spectrum) to the spectra of LTR SIRE-1, BARE-1, BERV K-1 
primers. The spectra of the PawS 5 primer were uniquely 
enriched with light fragments (over 60 %). The BERV β-3 
primer spectra in sheep differed from those in cattle; in them 
the heavy fragments were less common, and the light fragments 
occupied more than 40 % of the spectra. In horses, the primary 
contribution (almost half of the spectrum) to the spectra of 
PawS 5, BERV K-1, BERV β-3 primers was made by light 
DNA fragments, while the spectra of the BARE-1 primer were 
uniquely enriched with heavy fragments (over 47 %).  
 

Thus, the following interspecies differences in the 
representation of DNA fragments of different lengths were 
identified in the spectra of amplification products. In cattle, the 
spectra of the ERV K-1 primer consisted mainly (over 50 %) of 
light fragments, and only the spectra of the BERV β-3 primer 
were represented almost up to a third by heavy fragments. In 
sheep, the spectra of the PawS 5 primer were uniquely enriched 
with light fragments (over 60 %). The BERV β-3 primer 
spectra in sheep differed from those in cattle; in them the heavy 
fragments were less common, and the light fragments occupied 
more than 40 % of the spectra. In horses, the spectra of the 
BARE-1 primer were uniquely enriched with heavy fragments 
(over 47 %).  
 

Polymorphism characteristics (the proportion of polymorphic 
loci — P, in %; Polymorphic Information Content — PIC) of 
the amplification product spectra obtained with different 
primers were presented in the Table. The polymorphism 
characteristics presented in the Table indicated that the highest 
values of PIC in holsteinized Black-and-White and Yakut cattle 
(Bos taurus) were found in the spectra of the PawS 5, BARE-1 
and BERV k-1 primers, and in the Yakut cattle also in the 
spectrum of the BERV β-3 primer. 

 
Figure 3 Contribution (in %) of heavy, medium and light amplicons to the 
spectra of genomic DNA amplification products obtained when using in 

PCR fragment of PawS5 sequence as a primer: 1 - Black-and-White cattle, 
2 - Yakut breed, 3 - Zebu-like cattle; 4 - Edilbay sheep (Suyunduk type), 5 - 
Edilbay sheep (Birilik type), 6 - Kalmyk sheep; 7 – Trotters, 8 - Karachay 

horses, 9 - Altai horses. 

 
 

Figure 4 Contribution (in %) of heavy, medium and light amplicons to the 
spectra of genomic DNA amplification products obtained when using in 
PCR fragment of BARE-1sequence as a primer: 1 - Zebu-like cattle; 2 - 

Edilbay sheep (Suyunduk type), 3 - Edilbay sheep (Birilik type), 4 - 
Kalmyk sheep; 5 – Trotters, 6 - Karachay horses, 7 - Altai horses. 

 
 

Figure 5 Contribution (in %) of heavy, medium and light amplicons to the 
spectra of genomic DNA amplification products obtained when using in 
PCR fragment of BERV k-1 sequence as a primer: 1 - Black-and-White 

cattle, 2 - Yakut breed, 3 - Zebu-like cattle; 4 - Edilbay sheep (Suyunduk 
type), 5 - Edilbay sheep (Birilik type), 6 - Kalmyk sheep; 7 – Trotters, 8 - 

Karachay horses, 9 - Altai horses. 
 

 
 

Figure 6 Contribution (in %) of heavy, medium and light amplicons to the 
spectra of genomic DNA amplification products obtained when using in 
PCR fragment of BERV β-3 sequence as a primer: 1 - Black-and-White 

cattle, 2 - Yakut breed, 3 - Zebu-like cattle; 4 - Edilbay sheep (Suyunduk 
type), 5 - Edilbay sheep (Birilik type), 6 - Kalmyk sheep; 7 – Trotters, 8 - 

Karachay horses, 9 - Altai horses. 
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In other words, the highest polymorphism was observed in 
those spectra where the main contribution came from light 
DNA fragments, and only in the Yakut cattle was it found in 
the spectrum with the largest contribution from the heavy 
fragments (see Figure 2-6).  
 

Zebu-like cattle (Bos indicus) differed in the spectra of all the 
primers except for the BERV k-1 primer. According to the 
Table, when assessing the differentiation of animal groups of 
the Bos taurus breeds, the most compelling results were 
obtained for the polymorphism of the spectra of the BERV β-3 
primer, and also for the spectra of the PawS 5 and BARE-1 
primers between Bos taurus and Bos indicus. In sheep as well 
as in cattle, the most pronounced interbreed differences in 
polymorphism were found in the spectra of the BERV β-3 
primer, despite the fact that in sheep, unlike in cattle, heavy 
fragments of DNA were less common.  
 

In terms of the polymorphism characteristics, spectra in horses 
differed from those identified in cattle and sheep, especially by 
a low level of polymorphism of the BERV k-1 primer. The 
highest level of polymorphism among different breeds of 
horses was observed in the spectra of the BERV β-3 primer, in 
the Altai horses — also in the spectra of the LTR SIRE-1 and 
PawS 5 primers, and in the spectrum of the LTR SIRE-1 primer 
in Karachay horses.  
 

Overall, the lowest differences in polymorphism characteristics 
between species were detected in cattle and sheep in the spectra 
of the LTR SIRE-1 and BERV k-1 primers, in horses - in the 
spectra of the BERV k-1 primer, while the largest differences 
were found in cattle and sheep in the spectra of the BERV β-3 
primer, and in horses - in the spectra of the LTR SIRE-1 and 
PawS 5 primers.  
 

The obtained data indicate that the genomic regions in the 
investigated groups of animals homologous to DNA fragments 
of endogenous retroviral LTR, first characterized in plants and 
animals and used as primers in PCR, are largely characterized 
by a high level of variability in their positioning in the 
alternative DNA strands. 
 

We had previously evaluated the polymorphism of DNA 
fragments flanked by LTR of soy SIRE-1 transposone (P/N: 
AF053008), in the Lebedinsky cattle breed. 
 

It was found that in the spectrum of the amplification products 
obtained using this primer in a polymerase chain reaction, 14 
DNA fragments were revealed, 11 of which had no individual 
variation and were also observed in the spectra of the  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
amplification products in animals from anther breed — 
Holstein. Only three distinct DNA fragments were 
characterized by pronounced polymorphism (Glazko and 
Glazko, 2011).  
 
In order to evaluate the possibility of localising DNA regions 
homologous to the soy transposone LTR in the genome of 
cattle, a corresponding search was performed in the GenBank 
sequence database using the BLASTn program. We had found 
that regions with partial homology (>80%) were presented in 
sequences of 20 of 29 autosomes of cattle, as well as in X and 
Y chromosomes.  
 

In our earlier studies (Glazko et al.,  2006; 2009), we carried 
out genotyping of some varieties and regenerants of rice and 
wheat using fragments of DNA flanked by inverted repeated 
fragments of retrotransposone-like elements of the same R173 
family, in particular, PawS5. It was found that the DNA 
fragments flanked by inverted repeats of these sequences varied 
significantly between varieties of rice, wheat and even between 
regenerants, which have a common varietal origin. Then we 
carried out a corresponding search of regions of PawS5 
homology in Genbank, particularly in cattle, using the BLASTn 
program. We found a large number of regions with partial 
homology to sequences of the flanks of these 
retrotransposones, which were usually localized in the region 
of the P450 polygenic family, and genes associated with 
immune system function and transcription regulation factors. 
Regions of homology to these flanks of the R173 family 
members were somewhat more extensive in taxonomic 
representation than the soy retrotransposone flank, and are also 
found in prokaryotes. 
 

Species-specific genomic sequences found in Genbank and 
available for homology search were comparatively depleted of 
repeated DNA sequences which allowed to evaluate the regions 
of homology mainly in gene and intergenic regions. Using the 
BLASTn program, we performed a homology search in the 
reference genomes of cattle, sheep and horses to the sequences 
which we used as primers. The following data was obtained. 
For the SIRE-1 primer sequence, 170 homologous regions (> 
80 %) were identified in the genome of cattle, 170 regions in 
sheep, and 196 regions in horses. For the PawS5 primer, 150 
homologous regions were identified in the genome of cattle, 
310 regions in sheep, and 155 regions in horses. For the 
BARE-1 primer, 160 homologous regions were identified in 
the genome of cattle, 159 regions in sheep, and 158 regions in 
horses. For the BERV k-1 primer, 171 homologous regions 
were identified in the genome of cattle, 165 regions in sheep, 

Table Polymorphism characteristics (P, PIC) of IRAP-PCR marker spectra in cattle, sheep, and horses 
 

Primers LTR SIRE-1 PawS 5 BARE-1 BERV k-1 BERV β-3 
Species and breeds PIC P, % PIC P, % PIC P, % PIC P, % PIC P, % 

Black-and-White cattle 0.088 21 0.117 36 0.141 82 0.147 33 0 0 
Yakut breed 0.060 14 0.231 50 0.178 55 0.165 39 0.206 43 

Zebu-like cattle 0.000 0 0.035 7 0.009 9 0.151 39 0 0 
Kalmyk sheep 0.112 31 0.159 47 0.154 25 0.099 21 0.037 17 
Edilbay sheep 0.081 19 0.113 35 0.157 38 0.152 36 0.111 25 
Altai horses 0.192 67 0.169 40 - - 0.029 14 0.203 64 

Karachay horses 0.145 33 0.048 11 - - 0.057 21 0.138 36 
Trotters 0.027 6 0.035 10 - - 0.087 29 0.154 45 
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and 200 regions in horses. For the BERV β-3 primer, 187 
homologus regions were revealed in cattle, 197 regions in 
sheep, and 200 regions in horses. In general, the primer 
sequences do not differed significantly from each other in the 
number of homologous regions in the reference genomes of the 
investigated species, except for the sheep genome and the 
PawS5 primer sequence. It appears that it is specifically related 
to high frequency of the PawS5 sequence in the genomes of 
sheep that results in the unique contribution of light DNA 
fragments (greater than 60 %) in the spectra of the 
amplification products, indicating a relatively high frequency 
of homologous sequence presence in alternative DNA strands 
at a short distance from one another (100 to 900 bp). 
 

It is interesting to note that the same search for regions of 
homology in the reference genomes of soybean (Glycine max 
(L.) Merr.) and wheat (common wheat) allowed to identify 
nearly the same number of homology regions as in farm 
mammals, and while such regions were mostly found in the 
nuclear genome of soybean, in wheat they mostly occurred in 
chloroplast and mitochondrial DNA, though at a much lower 
frequency.  
 

Also, a search for homology of sequences that were used as 
primers was performed in the microRNA database 
(http://www.mirbase.org/) (Kozomara and Griffiths-Jones, 
2014). It was discovered that SIRE1 had a high degree of 
homology (> 60 %) to bdi-MIR7752 of cereal grasses 
(Bertolini et al., 2013), stu-MIR8003 of potatoes (Zhang et al.,  
2013), miR-2431 of Bos taurus (Glazov et al.,  2009) and gsa-
mir-1993 of flatworms (Fromm et al., 2013). The PawS5 
sequence had homology to hsa-mir-1304, which is expressed in 
embryogenesis in humans (Morin et al., 2008), the BERV β-3 
sequence had homology to hsa-miR-5682, the expression of 
which is associated with metastatic prostate cancer (Watahiki et 
al., 2011). Only two primers, BARE-1 and BERV k-1, had no 
regions of homology detected in the microRNA database.  
 

It could be expected that the relatively low level of 
polymorphism in cattle and sheep in the spectra of the LTR 
SIRE-1 primers may be due to the involvement of the 
homologous regions of this sequence in the processes related to 
microRNA, which leads to them being relatively highly 
conserved. However, this appears to be the case only for cattle 
and sheep, since in horses the polymorphism characteristics are 
the highest for the spectra of the LTR SIRE-1 and PawS 
primers (see Table).  
 

The similarity in polymorphism in BERV-1 primer spectra and 
its structure in different breeds of cattle and sheep, and an 
equally low level of polymorphism of the spectra of this primer 
in different breeds of horses indicated a relatively low variation 
of the distribution of regions homologous to it in the genomes 
of the studied animals, in contrast to the distribution of 
sequences homologous to the BERV β-3 primer (see Table). At 
the same time, data from the literature suggest that BERV β-3 
endogenous retrovirus is older than BERV k-1, which could 
explain the relatively higher variation in the spectra of the 
BERV β-3 primer, due to its longer evolution in the genomes 
of bovidae (Garcia-Etxebarria and Jugo, 2013). 
 

According to data as of 2014 (Garcia-Etxebarria et al., 2014) 
the genomes of cattle contain approximately 18 families of 
endogenous retroviruses of Class I (Epsilonretrovirus, 

Gammaretrovirus), 6 of Class II (Alpha-, Beta-, Delta- and 
Lentiretrovirusis), and so far none of Class III (Spumavirus). 
Several families have been described which are similar in 
sequence to those identified in the genome of sheep, i.e. BERV 
γ4, γ7 and γ9 Class I and one BERV β3 family of Class I. 
Compared to others, BERV β3 is conserved and its sequence is 
similar to the human HERV-K family. The same paper 
highlights the fact that the members of the identified families of 
endogenous retroviruses may have different occurrences in the 
genomes of cattle belonging to different breeds, e.g. be present 
in the genomes of Limousin and Simmental cattle, while absent 
in the genomes of Herefords, which reflects the high 
polymorphism of these sequences.  
 

It was established that the same families of retroviruses are 
represented in the genomes of zebu-like cattle and yaks 
(Garcia-Etxebarria and Jugo, 2013).  A high degree of 
homology had been identified between the endogenous bovine 
retrovirus ERV β and ovine ERV β1 (Torresi et al., 2015). 
 

CONCLUSION 
 

Our data suggests that polymorphism of multilocus spectra 
derived when using sequences of endogenous retroviral 
terminal repeats as PCR primers may be associated with the 
frequency of homologous regions in the genomes of the species 
studied (as in case of the PawS5 primer in sheep), functional 
significance of the genomic elements associated with them 
(SIRE-1 sequence homology to microRNA), or with the 
comparatively ancient origin of endogenous retroviruses (as in 
the case of differences in the spectra of BERV β-3 and BERV 
k-1 primers). In other words, the use of fragments of 
endogenous retroviruses (IRAP markers) for multilocus 
genotyping to identify the gene pool differences between the 
groups of animals requires prior clarification of their 
distribution in the genomes of the species studied, due to their 
mobility and high variability. Meanwhile, our data demonstrate 
that the spectra of PawS 5 and BERV β-3 primers can be used 
to identify interbreed differences in cattle and sheep, and the 
spectra of SIRE-1 and PawS 5 primers can be used to identify 
such differences in horses. 
 

References 
 

Bertolini E, Verelst W, Horner DS, Gianfranceschi L, 
Piccolo V, Inze D, Pe ME, Mica E, (2013). 
Addressing the role of microRNAs in reprogramming 
leaf growth during drought stress in Brachypodium 
distachyon. Mol Plant., 6:423-443 

Bickhart DM, Xu L, Hutchison JL, Cole JB, Null DJ, 
Schroeder SG, Song J, Garcia JF, Sonstegard TS, Van 
Tassell CP, Schnabel RD, Taylor JF, Lewin HA, Liu 
GE, (2016). Diversity and population-genetic 
properties of copy number variations and multicopy 
genes in cattle. DNA Research, 1–10 doi: 
10.1093/dnares/dsw013 

Boussaha M., Esquerré D., Barbieri J., Djari A., Pinton A., 
Letaief R., Salin G., Escudié F., Roulet A., Fritz S., 
Samson F., Grohs C., Bernard M., Klopp C., Boichard 
D., Rocha D, (2015). Genome-Wide Study of 
Structural Variants in Bovine Holstein, Montbéliarde 
and Normande Dairy Breeds. PLoS ONE, 10(8): 
e0135931. doi:10.1371/journal. 



Glazko, VI et al., Fragments of Endogenous Retroviruses As "Anchors" To Scan of Genomes of Cattle, Sheep And Horse 
 

 

12132 | P a g e  

Elkina M.A., Erkenov T.A., Glazko V.I. (2015) Mobile 
genetic elements as a tool for the analysis of genetic 
differentiation of varieties of cultivated plants and 
breeds of farm animals. International Journal of 
Recent Scientific Research, 6(8): 5893-5900  

Fromm B, Worren MM, Hahn C, Hovig E, Bachmann L, 
(2013) Substantial loss of conserved and gain of novel 
microRNA families in flatworms. Mol Biol Evol., 30: 
2619-2628 

Garcia-Etxebarria K. and Jugo B.M., (2013). Evolutionary 
history of bovine endogenous retroviruses in the 
Bovidae family. BMC Evolutionary Biology, 13: 256, 
http://www.biomedcentral.com/1471-2148/13/256. 

Garcia-Etxebarria K., Sistiaga-Poveda M., Jugo B.M., 
(2014). Endogenous retroviruses in domestic animals. 
Current Genomics, 15:256 – 265 

Glazko V.I., Cvetkov I.L., Ivanov A.N., (2006). Genetic 
differentiations of rice varieties on IRAP markers. 
Izvestia of Timiryazev Academy, Issue 4: 155-159).  

Glazko V.I., Cvetkov I.L., Sozinova L.Ph., Glazko T.T., 
(2009). Molecular-genetic markers of DNA 
polymorphism and its genomic positioning. 
Proceeding of Russian Academy of Agricultural 
Sciences, №3: 11-14. 

Glazko V.I., Elkina M.A., Glazko T.T., (2015) Genomic 
Scanning Using the Retrotransposon Fragments as 
"Anchors", in Animals and Plants. Biogeosystem 
Technique, 6(4): 363-373, DOI: 
10.13187/bgt.2015.6.363. 

Glazko V.I. and Glazko T.T., (2011). Nanometer scale 
distribution of selected genomic elements. 
Nanotechnologies and health protection, 3(8): 34-41 

Glazov EA, Kongsuwan K, Assavalapsakul W, Horwood 
PF, Mitter N, Mahony TJ, (2009). Repertoire of 
bovine miRNA and miRNA-like small regulatory 
RNAs expressed upon viral infection. PLoS One, 4: 
e6349 

Kozomara A and Griffiths-Jones S. (2014) MiRBase: 
annotating high confidence microRNAs using deep 
sequencing data. Nucleic Acids Res, 42: D68-D73 

Morin RD, O'Connor MD, Griffith M, Kuchenbauer F, 
Delaney A, Prabhu AL, Zhao Y, McDonald H, Zeng 
T, Hirst M, Eaves CJ, Marra MA, (2008). Application 
of massively parallel sequencing to microRNA 
profiling and discovery in human embryonic stem 
cells. Genome Res., 18: 610-621 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scherer SW, Lee C, Birney E, Altshuler DM, Eichler EE, 
Carter NP, Hurles ME, Feuk L., (2007) Challenges 
and standards in integrating surveys of structural 
variation. Nat Genet., 39(7 Suppl): S7–S15. 
doi:10.1038/ng2093. 

Tellam RL and Worley KC, (2009). The Genome Sequence 
of Taurine Cattle: A Window to Ruminant Biology 
and Evolution. Science, 324: 522 – 528. 

Torresi C, Casciari C, Giammarioli M, Feliziani F, De Mia 
GM, (2015). Characterization of a novel full-length 
bovine endogenous retrovirus, BERV-β1. Arch Virol., 
160: 3105-3114 doi: 10.1007/s00705-015-2603-z 

Watahiki A, Wang Y, Morris J, Dennis K, O'Dwyer HM, 
Gleave M, Gout PW, Wang Y, (2011). MicroRNAs 
associated with metastatic prostate cancer. PLoS One, 
6: e24950. 

Xu L, Hou Y, Bickhart DM, Zhou Y, Hay HA, Song J, 
Sonstegard TS, Van Tassell CP, Liu GE., (2016). 
Population-genetic properties of differentiated copy 
number variations in cattle. Sci. Rep., 6: 23161 doi: 
10.1038/srep23161 (2016). 

Xu L., Cole J.B., Bickhart D.M., Hou Y., Song J., 
VanRaden P.M., Sonstegard T.S., Van Tassell C.P., 
Liu G.E. (2014) Genome wide CNV analysis reveals 
additional variants associated with milk production 
traits in Holsteins. BMC Genomics, 15:683 
http://www.biomedcentral.com/1471-2164/15/683. 

Zhang R, Marshall D, Bryan GJ, Hornyik C, (2013) 
Identification and characterization of miRNA 
transcriptome in potato by high-throughput 
sequencing. PLoS One, 8: e57233 

Zhao F., McParland S., Kearney F., Du L., Berry D.P., 
(2015) Detection of selection signatures in dairy and 
beef cattle using high-density genomic information. 
Genetics Selection Evolution, 47:49 DOI 
10.1186/s12711-015-0127-3. 

Zietkiewicz E., Rafalski A., Labuda D., (1994). Genome 
fingerprinting by simple sequence repeat (SSR)-
anchored polymerase chain reaction amplification. 
Genomics, 20 (2): 176-183. 

 
 
 

How to cite this article:  
 

Glazko, VI et al.2016, Fragments of Endogenous Retroviruses As "Anchors" To Scan of Genomes of Cattle, Sheep And Horse. 
Int J Recent Sci Res. 7(6), pp. 12127-12132. 

 

******* 




	1.pdf (p.1)
	5711.pdf (p.2-7)
	2.pdf (p.8)

