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A b s t r a c t  
 

Using sequences of mobile genetic elements in order to mark polymorphic sites in their in-
sertion might be the most effective approach to identify specific features of gene pools of different 
groups of organisms and control their dynamics, which is especially important in dealing with agri-
cultural species. Sireviruses (Pseudoviridae) one of the oldest LTR-retrotransposons are widespread 
throughout the plant kingdom. SIRE-1 is one of the largest and most detailed studied retrotranspo-
son. Its analysis showed that insertions of the retroelement (particularly in the genome of maize) 
have occurred recently. We studied the polymorphism of DNA fragments flanked by LTR-
retrotransposon SIRE-1 (IRAP-PCR markers) in the genomes of different taxonomic groups. The 
objects of our study were Triticum aestivum (Moscovskaya 39, Mironovskaya 808, Omskaya 36 varie-
ties), Glycine soja (five wild populations of Primorskii region of Russia) and G. max (China), as well 
as representatives of the factory and indigenous breeds of cattle — Black-and-White cattle improved 
by Holstein cattle, Ayrshire, Yakut and Red Estonian cattle (97 animals in total). A terminal site of 
SIRE-1 was chosen as primer in IRAP-PCR (GCA-GTT-ATG-CAA-GTG-GGA-TCA-GCA). The 
data indicate that the multiloci genotyping by IRAP-PCR using retrotransposon LTR SIRE-1 as 
a marker reliably differentiates not only representatives of the monocotyledonous and dicoty-
ledonous plants, but also their varieties. Spectrum of DNA fragments (13 to 16 depending on 
the breed) obtained in studies different breeds of cattle using IRAP-PCR markers was in the 
length range of 330-1470 bp. The highest polymorphism of DNA fragments was observed in the 
middle part of the spectrum (760-980 bp) in Ayrshire and Black-and-White cows. According to 
the obtained dendrogram one of the groups of Black-and-White cows and Ayrshire cattle were 
closer to each other, while the other with Red Estonian and Yakut cattle became isolated in a sepa-
rate subcluster. Identified differences in heterogeneity in the two studied groups of Black-and-White 
from different farms possibly could be explained by the peculiarities of breeding work carried out or 
with other factors of artificial and/or natural selection. The possibility of using LTR-retrotransposons 
as molecular genetic markers for polyloci genotyping plants and animals is discussed.  
 

Keywords: inverted terminal sites of LTR-retrotransposons, Glycine, Triticum, Bos taurus, 
polymorphic information content, the share of polymorphic loci.  

 

A lot of molecular methods developed recently to mark different poly-
morphic region of genomes (e.g. RFLP, a restriction fragment length polymor-
phism, SNP, a single nucleotide polymorphism, AFLP, an amplified fragment 
length polymorphism, SSR-PCR, simple sequence repeats PCR, etc.) contribute 
to successful genotyping in both cultivated plant varieties (1-4), animal breeds 
(5-7). Of these markers, the mobile genetic elements have special status compar-
ing to other structural and functional genetic elements due to their capability of 
transposition, and the high rate of transposition allows suggesting their essential 
role in generation of genetic variability (8).  

In plants the LTR (long terminal repeat) retrotransposons make up a 
significant portion of genomes, particularly slightly more than 7 % in Arabi-
dopsis thaliana (9), 50 and 90 % in rice and wheat, respectively (10), 75 % in 
corn (11).  

Sireviruses is one of the oldest LTR-retrotransposons, which became 
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widespread in the plant kingdom and the only member of Pseudoviridae family 
that supposed to have gene similar to that encoding coat proteins of viral parti-
cles (i.e. env-like gene). SIRE-1 of about 11 000 bp is one of the largest and 
well studied member of Sireviruses. SIRE-1 sequence analysis evidences that 
SIRE-1 insertions of the retroelement (particularly in the genome of maize) 
have occurred recently. 

The analysis of the sequence of SIRE-1 shows that the insertion of this 
element in the genome of corn occurred recently (12). The using of the se-
quences of mobile genetic elements in order to mark polymorphic sites of their 
insertion might be the most effective approach to identify specific features of 
gene pools of different groups of organisms and control their dynamics, which is 
especially important in dealing with agricultural species.  

Herein, we studied the possibility to use terminal regions of endoge-
nous retroviruses to characterize specific parameters of cultivated plant varie-
ties and genetic features of cattle breeds.   

Technique. Monocots, the Triticum aestivum plants, and dicots, the Gly-
cine soja and G. max plants, were investigated. The examined wheat varieties 
were Moskovskaya 39 (soft winter wheat), Mironovskaya 808 (soft winter wheat 
derived from a spring wheat), and Omskaya 36 (soft spring wheat). Soybean was 
represented by 5 wild populations of G. soja derived from Primorskii krai, and a 
weedy, or semi-wild, form of G. max from China. Of tested animals, there were 
Black-and-White holsteinized cattle from commercial herds (Moscow Province) 
and the vivarium of the Russian State Agrarian University (Moscow) (groups I 
and II, respectively), Ayrshire cattle (Moscow Province), Yakut cattle (Sakha 
Republic) and Red Estonian cattle (Pskov Province) (a total of 97 animals).  

The IRAP-PCR markers were applied in polyloci genotyping (13). 
Genome DNA was extracted by means of DNA-extran 1 Commercial Kit 
(Syntol, Russia). The Tercik amplifier (Russia) and PCR-RT mixture (Syntol, 
Russia) were used for PCR. The PCR protocol was as follows: initial denatu-
ration at 94 °Ñ for 2 min; denaturation at 94 °Ñ for 30 sec; annealing (hy-
bridization) at 55 °Ñ for 30 sec; elongation at 72 °Ñ for 2 min; final elonga-
tion at 72 °Ñ for 10 min (35 cycles). The terminal regions of LTR-
retrotransposon SIRE-1 (GCA-GTT-ATG-CAA-GTG-GGA-TCA-GCA) served 
as primers. Amplification products were analyzed by electrophoresis in 1.5 % 
agarose with DNA molecular marker GeneRulerTM 100 bp DNA Ladder Plus 
(MBI Fermentas, USA). The bands were stained by ethidium bromide and visu-
alized in UV light. Only the fragments less than 1500 bp in size were examined 
to avoid inaccuracy.  

TFPGA program was applied for calculation of the genetic distances. 
PIC (polymorphic information content) index was calculated according to the 
equation for diallel loci: PIC = 2f (1 − f) where f is a frequency of one of two 
alleles (14).  

The GenBank database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used 
to find out the homologous sequences.   

Results. Because of prevalence of LTR-retrotransposons, including 
SIRE-1, in plant genomes, we used its terminal regions as primers in IRAP-
PCR. As a result, both in soybean and wheat the clearly reproducible spectra of 
DNA fragments of the same size rang were obtained, particularly up to 22 loci 
of 350-1240 bp and 26 loci of 220-1450 bp in total (Fig. 1, 2). 

The examined Glycine groups were high polymorphic (PICavarage = 0.414, 
P = 91 %) comparing to T. aestivum (PICavarage = 0.120, P = 65 %). The PI-
Cavarage was calculated as the average value of the PIC index across the spectrum 



 

 37

of amplicons. 
 

Fig. 1. Electrophoretic spectra of fragments obtained in IRAP-PCR on DNA from winter (À — 
Moscovskaya 39, B — Mironovskaya 808) and spring (Omskaya 36) varieties of wheat Triticum aesti-
vum: Ì — molecular marker GeneRulerTM 100 bp DNA Ladder Plus (MBI Fermentas, USA). Ter-
minal region of retrotransposon LTR SIRE-1 was used as primers. 

 

The sequences homolo-
gous to the fragment of LTR 
SIRE-1 were found using data-
bases of the GenBank, so 122 and 
102 fragments were found in 
the genomes of T. aestivum and 
G. max, respectively (Table 1). 
In Glycine, 350 to 490 bp frag-
ments and 1010 to 1240 bp 
fragments appeared the most po-
lymorphic. For them, PICaverage 
values were 0.449 and 0.364, 
respectively. Conversely, in 
T. aestivum  middle-sized frag-
ments were high polymorphic, 
in particular, for 520 äî 720 bp 
fragments and 760 to 990 bp 
fragments the PICaverage values 
were 0.196 and 0.155, respec-
tively. All large fragments were 
monomorphic and found in 

100 % of tested samples of wheat (Table 2).  

1. Number of fragments homologous to terminal sites of retrotransposon LTR SIRE-1
in genomes of soybean Glycine max and wheat Triticum aestivum and some ge-
netic parameters based on IRAP-PCR data 

Parameter  G. max  T. aestivum  
Genome length, ½109 bp1 1.10  1.78  
Number of:   

homologuos region found1 122 102 
DNA fragments in amplified spectrum 15-22 26 

PIC averaged on the primer 0.414 0.120 
P, % 91 65 
C o m m e n t s. 1 — according to http://blast.ncbi.nlm.nih.gov/Blast.cgi; IRAP-PCR — inter-retrotrans-poson 
amplified polymorphism PCR, PIC — polymorphic information content, P — share of polymorphic loci.  

 

Fig. 2. Electrophoretic spectra of fragments obtained in
IRAP-PCR on DNA from different Glycine soja groups: 1-4 
— group I, 5-8 — group II; Ì — molecular marker Gen-
eRulerTM 100 bp DNA Ladder Plus (MBI Fermentas, 
USA). Terminal region of retrotransposon LTR SIRE-1 
was used as primers. 
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2. Frequency of amplicons (FA) in patterns obtained in IRAP-PCR with terminal re-
gion of retrotransposon LTR SIRE-1 as primers, and PIC per locus in wheat 
Triticum aestivum varieties 

Moskovskaya 39 Mironovskaya 808 Omskaya 36 Fragment 
length, bp FA PIClocus FA PIClocus FA PIClocus 
1450 0 0 0.2 0.159 1 0 
1420 1 0 1 0 1 0 
1370 1 0 1 0 0.4 0.349 
1340 0.8 0.483 0 0 0.4 0.349 
1210 1 0 1 0 1 0 
1130 1 0 1 0 1 0 
990 1 0 1 0 1 0 
900 1 0 1 0 1 0 
810 1 0 0.3 0.300 1 0 
790 1 0 0 0 0 0 
760 0 0 0.8 0.483 0 0 
720 1 0 1 0 1 0 
680 1 0 1 0 1 0 
630 0.500 0.414 0.800 0.483 1 0 
590 1 0 1 0 1 0 
570 0 0 0.3 0.3 0 0 
550 0 0 1 0 1 0 
540 1 0 0 0 0.2 0.189 
520 0.300 0.300 0 0 0 0 
460 1 0 0.700 0.488 0 0 
420 1 0 1 0 1 0 
360 1 0 1 0 1 0 
320 1 0 1 0 1 0 
270 1 0 1 0 1 0 
250 0.500 0.414 0.300 0.300 0.200 0.189 
220 1 0 1 0 1 0 
Ð, % 15 27 15 

C o m m e n t s. IRAP-PCR — inter-retrotransposon amplified polymorphism PCR, PIC — polymorphic in-
formation content, P — share of polymorphic loci.   

 

In Glycine there was the only monomorphic locus of 700 bp, at 93 % as 
an average level of polymorphic loci for all amplicons and PICavarage = 0.414. 
That evidences about relatively high genetic diversity in the investigated groups 
on both levels (i.e. within the genus Glycine, and within the species G. soja). The 
locus of 680 bp was not observed in G. max but found in G. soja.  

A specific polymorphic spectrum was obtained for each wheat variety in 
IRAP-PCR with LTR SIRE-1 as primers. Thus, in Moskovskaya 39 wheat the 
DNA fragment of 790 bp was observed in tested samples while in Mironovskaya 
808 and Omskaya 36 varieties it was not found. Moreover, the locus correspond-
ing to DNA fragment of 550 bp was not found in Moskovskaya 39 wheat but in 
other varieties this locus was detected with PIC = 1.  

It was shown that inbreeding in plants leads to phisiological and pho-
notypical changes, presumably due to epigenetic effects resulted from a pairwise 
interaction of chromosomes. Such epigenetic changes can cause activation of 
mobile genetic elements and, as a result, the intensification of karyotype modifi-
cation, the increase of genetic diversity and epigenetic rearrangements, being an 
important source of phenotypic variability (15).  

Basing on this suggestion, we can partly explain the high polymor-
phism within loci in T. aestivum, especially considering the wheat as a self 
pollinating plant. It is also known that the number of plants with cross-
pollination in this autogamous culture reaches to 3 % and, sometimes, up to 
10 % of the population. Besides, there are some forms for which an increased 
frequency of cross pollination, from 2.6 to 5.0 % depending on the variety, is 
peculiar (in particular, the line of soft wheat Mironovskaya winter varieties) (16). 
Hence, the high intervarietal genetic heterogeneity, e.g. the large share of 
polymorphic loci and an increase of PIC value (see Table 2), in the Mironovskaya 
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808 if compared with two other varieties is probably due to this fact. 
The loci of 790 and 550 bp fragments in wheat, and the loci of 790, 680 

and 550 bp fragments in soybean seem to be important because of their unequal 
prevalence in different varieties.  

The genetic distances (DN) were calculated for the plants according to 
M. Nej (1972) (Fig. 3) basing on the frequency of amplicons with different sizes 
flanked with inverted regions of LTR SIRE-1. There are two distinct big clusters 
of monocots and dicots with a specific cluster of wheat varieties Mironovskaya 808 
and Omskaya 36 within monocots in the obtained dendrogram (see Fig. 3). 

 

Fig. 3. Dendrogram of studied plants 
based on the frequency of amplicons 
flanked by inverted regions of LTR SIRE-
1: 1 — Glycine max (China); 2-6 — G.
soja (Primorskii krai); 7-9 — Triticum
aestivum, varieties Moskovskaya 39, Mi-
ronovskaya 808 and Omskaya 36, respec-
tively.   

 
The differentiation reflects 

the phenotypic features and the 
origin of plants. Particularly,
the white awnless and beardless 
ears are characteristic for both Mi-
ronovskaya 808 and Omskaya 36 
varieties (17), while Moskovskaya

39 has the white awn and beardless ears (http://www.nemchinovka.ru/sorta/yar). 
It should be noted that the winter variety Mironovskaya 808 has been obtained 
from spring soft wheat by means of group and mass selection of morphologically 
homogenous plants (18).  

The obtained data evidence that polyloci genotyping by means of IRAP-
PCR markers, when LTR SIRE-1 fragment is used as a primer, allows to differ-
entiate reliably not only the monocots and dicots, but also the varieties.. 

More than 165 homological regions have been found for cattle in the 
course of our screening data of GenBank by BLASTn algorithm to show the 
homology to LTR SIRE-1 among animals. 

We investigated Ayrshire, Red Estonian, Yakut and Black-and-White 
cattle from different livestock farms and also from a vivarium with regard to the 
IRAP-PCR markers detected due to amplification with LTR SIRE-1 as a primer 
in order to estimate possible use of plant transposons in farm animal polyloci 
genotyping and gene pool control. The patterns of DNA amplicons, from 13 to 
16 fragments within 330-1470 bp, were observed (Fig. 4).  

The highest polymorphism occurs among the middle-sized DNA frag-
ments of 760-980 bp in the Black-and-White cattle from group I and in Ayrshire 
cows. The locus of 1470 bp fragment was the most polymorphic in other breeds. 
In Black-and-White cattle from group II and Yakut cattle no loci of 380 bp and 
760 bp fragments were revealed, while they were found in other breeds (Table 3).  

The amplicon patterns generated in PCR with LTR SIRE-1 as a primer 
across all the loci demonstrated no significant differences in Yakut, Red Esto-
nian and Black-and-White cattle of group II with respect to the level of polymor-
phic loci and the PICaverage values, being 14, 19 and 23 %, and 0.062, 0.066 and 
0.094, respectively. The Ayrshire cattle population was the most heterogene-
ous (PICaverage = 0.212, P = 56 %) (Table 4). 
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Fig. 4. Electrophoretic spectra of amplicons obtained in IRAP-PCR with DNA of Bos taurus cattle 
breeds using LTR SIRE-1 as a primer: 1-3 — Ayrshire cattle, 4, 5 — Red Estonian cattle, 6-8 — 
Black-and-White cattle (group I), 9-11 — Black-and-White cattle (group II), 12-14 — Yakut cattle; 
Ì — molecular marker GeneRulerTM 100 bp DNA Ladder Plus (MBI Fermentas, USA).  
 

3. PIClocus for amplicons obtained in IRAP-PCR with DNA of Bos taurus cattle 
breeds using LTR SIRE-1 as a primer  

Black-and-White cattle  Fragment 
length, bp 

Ayrshire 
group II  group I  

Yakut Red Estonian  

1470 0.325 0.486 0 0.488 0.452 
1300 0.500 0 0.465 0 0 
1200 0 0 0 0 0 
1100 0 0 0 0 0 
980 0.325 0.416 0.494 0 0.470 
950 0.325 0 0 0 0 
820 0.483 0 0.349 0 0 
800 0.496 – 0 0.380 0 
760 0.121 – 0.349 – 0 
720 0 0 0 0 0 
640 0 0.330 0.432 0 0 
590 0 0 0 0 0 
510 0 0 0 0 0 
440 0 0 0 0 0 
380 0.361 – 0.097 – 0.137 
330 0.457 0 0 0 0 

C o m m e n t s. IRAP-PCR — inter-retrotransposon amplified polymorphism PCR, PIC — polymorphic informa-
tion content. Dashes indicate absence of the locus.    

 

A phylogenetic tree between 
the studied groups of animals was 
constructed based on the estimation 
of amplicon polymorphism (Fig. 5). 
Black-and-White cattle from group I 
and Ayrshire cattle were clustered the 
most tightly, while Black-and-White 
cattle from group II, Red Estonian 
cattle and Yakut cattle formed a seg-
regated subcluster. It should be 
noted that the genetic distance be-

tween Black-and-White and Yakut cows was extremely small (DN = 0.0076). 
Two groups of Black-and-White cattle clearly differed according to their genetic 
characteristics (see Table 4). The animals from group I were more heterogeneous 
(P = 38 %, PICaverage = 0.137), probable due to different strategy of selection or 

4. Polymorphysm of the loci identified in 
IRAP-PCR with LTR SIRE-1 as a primer 
in Bos taurus cattle breeds 

Breed, group PICloci P, % 
Ayrshire  0.212 56 
Bkack-and-White:   

group I  0.137 38 
group II   0.094 23 

Yakut   0.062 14 
Red Estonian  0.066 19 
C o m m e n t s. IRAP-PCR — inter-retrotransposon am-
plified polymorphism PCR, PIC — polymorphic informa-
tion content, P — share of polymorphic loci.  
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other artificial and natural factors of selection.  
 

Fig. 5. Dendrogram of studied Bos taurus
cattle based on the frequency of amplicons 
flanked by inverted regions of LTR SIRE-
1: 1 — Ayrshire cattele, 2 — Black-and-
White cattle from group I, 3 — Yakut cat-
tle, 4 — Red Estonian cattle, 5 — Black-
and-White cattle from group II. 

 
Thus, the obrained data show

that the fragments of mobile ele-
ment, particullarly LTR SIRE-1, 
could be used for investigations of 
genetic structure of the groups and

varieties of both dicotyledonous (Glycine) and monocotyledonous (Triticum) 
plants. Moreover, such polyloci genotyping of DNA fragments generated in 
IRAP-PCR with LTR SIRE-1 as a primer allows to identify the genetic charac-
teristics of cattle breeds. 
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