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Fragments of LINE-1 retrotransposons flanked by inverted
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with human LINE-1 elements®
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In the bovine genome we found two intrachromosomal DNA fragments flanked by
inverted telomeric repeats (GenBank Accession Nos. AF136741 and AF136742). The
internal parts of the fragments are homologous exclusively to the human sequences
and to the consensus sequence of the L1IMC4 subfamily of LINE-1 retrotransposons
which are widespread among mammalian genomes. We found that distribution of ho-
mologous human sequences within our fragments is not random, reflecting a compli-
cated pattern of insertion mechanisms of and maintenance of retrotransposons in

mammalian genomes.

One of the possible explanations of the origin of LINE-1 truncated elements flanked
by inverted telomeric repeats in the bovine genome is that extrachromosomal DNA
fragments may be modified by telomerase and subsequently, transferred into chromo-

somal DNA.

Eucaryotic chromosomal DNA is modified
on its ends by telomeric repeats [1]. Particu-
larly, mammalian chromosomes carry on
their ends thousands of 5'-CCCTAA-3' repeats
which, it is believed, may participate in pro-
cesses determining the biological clock of the
cells [2-4]. One of the arising question is
whether extrachromosomal elements derived
from LINE-1 retrotransposons [56-8] or their
parts may be modified by telomerase. There
are several indications that retrotransposons

have the ability to be included within telo-
meric sequences, for example into yeast
telomeres [9]. We suppose that this phenome-
non may proceed modification of extra-
chromosomal elements by telomerase, which
may facilitate subsequent insertion into chro-
mosomal DNA.

There are several examples of GenBank li-
brary entries of DNA fragments flanked by
mammalian telomeric repeats one in human
(Alvarez, 1992, unpublished, GenBank Acces-
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sion No. X66697) and five in Chinese hamster
(Alvarez, 1992, unpublished, GenBank Acces-
sion Nos. X65592 .. X65596) which are local-
ised intrachromosomally. In this work we give
two examples of such DNA fragments present
in the bovine genome.

MATERIALS AND METHODS

DNA was isolated from peripheral blood us-
ing Epicentre Technologies kit (catalog No.
MG71100). The DNA preparations were addi-
tionally treated with phenol and chloro-
form/isoamyl alcohol mixture (24:1, v/v),
ethanol precipitated and dissolved in 10 mM
Tris/ HCl, 1 mM EDTA, pH 8.0. PCR amplifi-
cation was performed with primers: TELA
(6"-CTAACCCTAACCCTAACCCTAAA-3"),
TELC (5-CTAACCCTAACCCTAACCCTA-
AC-3'), TELG (5'-CTAACCCTAACCCTAACC-
CTAAG-3') and TELT (5'-CTAACCCTAAC-
CCTAACCCTAAT-3"), using different combi-
nations of the oligonucleotides. The PCR was
performed in 50 ul reaction volume in buffer
containing 50 mM KCl, 2.0 mM MgCly, 0.02
mM of each dNTP, 10 mM Tris/HCI, pH 8.9,
50 pM of primer(s), two units of Tag DNA
polymerase (Ingen, Sieradz, Poland) and 100
ng of total bovine DNA as a template. Follow-
ing the initial denaturation step for 2 min at
94°C, Tag DNA polymerase was added at 72°C
(hot start), and PCR was performed for 12, 15,
18, 21, 24, 27, 30, 33 and 36 cycles with dena-
turation at 94°C for 30 s, annealing at 58°C,
and elongation at 72°C for 1 min. Subse
quently, the reactions were incubated for an
additional 2 min at 72°C. The amplified DNA
fragments were isolated by polyacrylamide
gel electrophoresis as described previously
[10], phosphorylated with phage T4 polynuc-
leotide kinase, treated with the Klenow frag-
ment of Escherichia coli DNA polymerase I in
the presence of 1 mM dNTP to remove 3'-over-
hangs introduced by Taq DNA polymerase
[11], treated with phenol and chloro
form/isoamyl alcohol mixture (24:1, v/v),

ethanol precipitated and ligated to Hincll di-
gested pBS SK+ (Stratagene) plasmid. Liga-
tion products were transformed into the
NM522 E. coli strain. Cells of the MV1193 E.
coli strain were transformed with recombi-
nant plasmids and infected with helper
bacteriophage M13K07 to obtain sin-
gle-stranded DNA for nucleotide sequence de-
termination which was performed using the
standard dideoxy method [12] with Taq DNA
polymerase and [a-32P]dCTP internal label-
ling [12].

With the aim to establish approximate num-
ber of DNA fragments flanked with telomeric
repeats in the bovine genome the 248 bp frag-
ment of bovine growth hormone gene was am-
plified with primers BGHP (5'-TCCTCAAG-
CAGACCTATGAC-3") and BGHM (5'-TATT-
AGGAAAGGACAGTGGG-3') for 12, 15, 18,
21, 24, 27, 30, 33 and 36 cycles under the
same conditions as described above.

Database searches were performed using the
National Institutes of Health ENTREZ and
BLAST software [13]. Presence of repetitive
sequences in the cloned DNA fragments was
established by CENSOR [14] or Repeat
Masker (Smit A.F.A. & Green P., unpub-
lished, http://ftp.genome.washington.edu/
cgi-bin/RepeatMasker) software.

RESULTS AND DISCUSSION

After PCR amplification of the total bovine
DNA with primers TELA and TELC two DNA
fragments (B1 and B2) were obtained (Fig. 1).
The presence of TELC primer consisting of
unchanged telomeric repeats alone in the PCR
reaction mixture was not sufficient for reveal-
ing these DNA fragments, neither were other
combinations of primer pairs or single prim-
ers in the PCR reaction mixture. The experi-
ment with the parallel PCR of the part of the
bGH gene and B1 an B2 showed that the frag-
ments amplified with telomeric primers are
unique or that their number of repeats is low
in the bovine genome (Fig. 1A and B). Two
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DNA fragments were amplified at the time
which is clearly seen after digestion of the am-
plified fragments with EecoRV restriction
nuclease (Fig. 1C). The results of the PCR
were independent of the sex of the DNA do-
nor.

The amplified fragments were cloned and
their nucleotide sequence was determined. It
appeared that both DNA fragments are
flanked by telomeric repeats characteristic
for the mammalian chromosomes (Fig. 2).

The nucleotide sequence analysis shows that
the B1 and B2 fragments differ in their length
mainly because of the 37 bp long direct repeat
present in the first of them (Fig. 2). The 37 bp
long repeated sequence is contiguous to the 5
telomeric flanking region. The nucleotide se-
guences forming direct repeat and these local-
ised between positions 123-213 for Bl and
B5-175 for B2 show no homology to the
GenBank data library sequences. Comparison
of the rest of the nucleotide sequences of the

B1 and B2 with data deposited in GenBank re-
vealed homology to sequences which were
found to belong to the LINE-1 elements, par-
ticularly to the LIMC4 subfamily of these ele-
ments [15]. Significant alignments were ob-
tained exclusively to the human sequences
which are common for LIMC1 and L1MC4
LINE-1 elements. Further search performed
with CENSOR [14] and RepeatMasker pro-
grams showed that the best homology is ob-
served to the consensus sequence of LIMC4
[15], subfamily of the LINE-1 retrotrans-
posons (Fig. 2). The homology region of both
B1 and B2 is localised on the 3' UTR region of
L1IMC4.

Three regions of our fragments (positions
276-327 and 447-493 on Bl and also se-
quences containing telomeric repeats) pro-
duce significant alignments with the human
sequences very frequently (Fig. 2). Distribu-
tion of the homologous sequences within our
Bl and B2 DNA fragments is not random. The

Figure 1. Electrophoretic pattern of the amplification products carried out with telomeric primers (A
and C), and the bovine growth hormone gene fragment, primers BGHP and BGHM (B).

A, lines 2-7, number of cyeles carried out: 36, 33, 30, 27, 24 and 21, respectively. B, lines 1-6, number of cycles car-
ried out: 21, 24, 27, 30, 33 and 36, respectively. Lanes 1in A and C represent the mixture of DNA fragments ob-
tained after separate digestion of the pUC19 plasmid with Tagl and Mspl restriction nucleases (fragment length in
bp: 1444, 736, 501, 489, 476, 404, 331, 242, 190, 147 and 111+110). The same mixture is present in B, line 7. C, line
2, DNA fragments amplified with telomeric primers; line 3, the same fragments digested with EcollV restriction

nucleaze.
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[CCCTAR}, CTAACCCTRACCCTARCCCTARCCCTRACCCTAR--CCCTARCCCT
Bl 1 CTAACCCTARCCCTARCCCTARACCTTTACCCTARAACCCTAGCCCITTTGTAATACTGARCATGATETHC 70
B2 1 CTARCCCTRAACCCTRACCCTARCCTTTACCCTARAACCCTAGCCCT - —-—— - - -~~~ =========ouu- 48
Bl 71 TIGICTGGAATGITITTGTAATACTGARCATGATGTGCTTGTCTGGARTGTTTTTCTCTTCTATTTTICTA 140
B2 47  eemmmmmmem—-- TTTTGTAATACTGARCATGATGTGCTTGTCTGTAATGTTTTTCTCTTCTATTTTICTA  10¢
Bl 141 TCTAATGCATTTTITTCTTATCCTCCTACTTTTATGTTTAGATATTAARACATCAAACTATCATTACCCCTT 213
B2 104 TCTAATGCATITTTTTCITATCCTCCCACTTTITATGTTTARATATTARRACATCAAACTGTCATTACCCCTT 175
Bl 214 ACARRMACCCATATTTGGATATCTATAATAGCTTT-TTCAT-ATTGCCARARGTTTTIGAGCACTCAAGAT 281
B2 176 ACAAARACCCACATTTG-ATATCTATAATAGCTT--TTCAT-ATTGCCARAAGTTTTGAGCACTCAAGAT 240
L1 424 ACARAARCCTGCACACGAATGTTTATAGCAGCTTTATTCATAATTGCCAARACTTGGAARCRACCARGAT 433
Bl 282 GTCCTTCAGTAGGTAMNAATGGAT----AAACTGTGATACATCCACACAATGAAATATCATTTAGC-ACTA 340
B2 241  GTCCTTCAGTAGGTARAATGGAT- - -AAACTGTGATACATCCAGACAATGAAATATCATTTAGCACTAR 306
Ll 494 GTCCTTCAATAGGT-GAATGGATAARCARACTGTGGTACATCCATACAATGGAATATTATTCAGCGATAR 562
81 347 AAAG-AAGTGAGCT-CTCAAGCTGGAAAA-GACATGRAGGAARTCTCACCACATGCTCCGARGTGAARGA 413
87 307 ARAG-AACGTGAGCT-CTCAAGCTGGGAAANGACATGAAGGARATGTCACCACATGCTGCCAAGTGARAGA 374
Ll 5637 AAAGGAA-TGAACTACTGAKACATGARAR-GACATGGATGARTCTYARATGCATATTGCTAAGTGARAGA 630
81 414 GGTCAATCCAARATGACTTCATGCCATGTAATCCCARCTATATGACATTCTGGARMAGGG-AAARCTATA 4ED
B2 375 GEICAATCCAARATGACTTCATGCCATGTAATCCCAACTATATGACATTCTGGAAMAGGGCCCARCTATA 444
L1 631 AGCCAGTCTGAARAGGCTACATACTGTACGATTCCATTTATATGACATTYTGGAAAA-GGCAAMACTATA 620
TTAG-GGTT-AGGETTAGGGTTAG {TTAGGG) ,

81 483  GAGACAGTAAACARMAATTAGTGGTTTTTAG-GGTT-AGGCTTAGGGTTAG 530
B2 445 GAGACAGTAAACARAATTAGTGGTTTTRAG-GGIT-AGCGCTTAGGCTTAG 492
L1 700 GAGACAGAAAAC-AGATTAGTGCTTKCCAGRGETTGAGAGATEEE 743

Figure 2. The nucleotide sequences of bovine LINE-1 elements (B1 and B2) flanked by inverted telomeric
repeats and their comparison with the consensus sequence of L1MC4 subfamily [15] of LINE-1.

The fragment of the LIMC4 consensus sequence is shown in bold. Regions of the bovine sequences which are identi-
cal with the LIMC4 nucleotide sequence are also shown in bold. The nucleotides forming 37 bp direct repeat on the
B1 DNA fragment are underlined and doubly underlined. The regions of B1 and B2 producing the most frequent sig-
nificant alignments with human DNA sequences are underlined with a dotted line. The hexanucleotides forming
telomeric repeats are shadowed. For comparison, canonical telomeric repeats (5'-CCCTTA-3'), and

(5'-TAAGGG-3'),, are also shown.

positions of the first and the last nucleotides
of homology regions show narrow distribu-
tions, being much sharper for the beginnings
of significant alignments (Fig. 3). These re-
sults reflect some processes which govern re-
verse transcription of LINE-1 elements, their
insertion into genomes and further events:
mutation rates at a given position, secondary
insertions of different elements into LINE-1
sequences and recombination processes. At

present it is difficult to evaluate which one of
the mentioned factors is the most important
for the observed pattern.

The existence in the three genomes of inter-
stitial DNA sequences containing inverted
telomeric repeats at their ends (Alvarez, 1992,
unpublished and this work) arises a question
about the mechanisms leading to their origin
and present localisation. We see at least two
ways to explain our results. The simplest way
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is to assume that extrachromosomal DNA
fragments, truncated parts of LINE-1 ele
ments, arising during the transposition pro-
cess, were modified by telomerase and after
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Figure 3. Distribution of the first
and the last positions of B1 regions
producing significant alignments
[} with human DNA sequences.

L4

The two regions of homology to the
fragments of human DNA seguences
are shown with broken lines above the
plots. Positions of maximal numbers
of significant alignments are shown
above the peaks (F276, F303, L334,
1349, F447 and L493; F and L show
500 5o the first and the last positions, respec-
tively).

are similar to the telomeric repeats (Fig. 2).
This may facilitate modification of truncated
members of the family by telomerase.

If telomerase action is not considered, the
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Figure 4. Two ways leading to the formation of interstitial DNA sequences containing inverted telomeric

repeats at their ends.

Parallel and vertical arrows show polarity of telomeric repeats and sites of the DNA strand scissions, respectively.

that inserted into chromosomal DNA. Such an
assumption explains in a simple way the pres-
ence of inverted repeats of telomeric origin at
the flanks of the amplified fragments
(Fig. 4A). This variant of explanation is sup-
ported to some extent by the fact that DNA
fragments coming from the LINE-1 family of
retrotransposons comprise sequences which

explanation is more complicated. In this case,
because of the presence of the inverted re-
peats at the flanks, it is necessary to assume
that insertions of extrachromosomal frag-
ments into the regions of chromosomes con-
taining telomeric repeats were followed by
double strand scissions in the neighborhood
of the inserts and inversions of the tras-
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poson’s fragments together with arrays of
telomeric hexanucleotides (Fig. 4B). Different
variants of the second explanation are possi-
ble.

Qur results do not allow to choose between
the two possibilities.
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