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Computational analysis of distribution of mobile genetic elements within the human TP53 gene and its 5 -flanking region
has been performed. There was no difference revealed for SINE and LINE repeats, but it has been shown that the LINE el-
ements are preferentially present within the TP53 gene and the LINE2 elements are preferentially distributed within 5
-flanking region of the TP53 gene. Alu repeats have been found to be the most common repeats within the TP53 gene and its
5 -flanking region. L TR repeats have been absent at all and DNA transposons have been determined only within the TP53
gene. It has been revealed that mobile genetic elements within TP53 gene and its 5 -flanking region preferentially form clus-
ters, which contain mobile genetic elements from different repeat families and subfamilies.
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Introduction According to the peculiarities of structure and
the mode of moving, mobile genetic elements (MGE) can
be divided into 4 basic classes: SINE (short interspersed
nuclear elements), LINE (long interspersed nuclear ele-
ments), LTR elements (retrovirus-like elements with long
terminal repeats) and DNA-transposons [1]. MGE are not
only the factors of spontaneous and inducted mutations
[2-4], but they are vAluable functional genome compo-
nents [5-8]. Due to MGE, genome is considered to be a
dynamic system which reacts in an active way to the envi-
ronment changes [9-12]. Having the promoters of their
own, they can change the activity of the gene adjacent to
them, form promoters of vitally important genes [ 14, 15] or
play the role of various regulatory sequences [16-18].
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In human genome the MGE part is app. 45 % of nu-
clear DNA. They are spread randomly, mainly in
intergenic or intron regions, rarely in exons [6, 19]. In
many genes, MGE or sequences, originated from them,
are present in promoter, 5’- and 3’- flanking regions, which
points out to their important role in functioning of ge-
nome, in gene activity regulation, in particular [15, 20].

The human TP53 gene is the oncosuppressor, the
mutations of which are the most widely spread disorders in
all kinds of malignant tumors [21, 22]. Its basic function is
cell genetic stability maintenance and it also participates in
apoptosis, reparation, and angiogenesis [23-25]. This
polyfunctionality demands complex regulation which
possibly involves MGE. Some researches show the
presence of SINE class representatives (Alu-repeats) in
this gene [26] and in 3r-flanking region, in particular, [27]
however it is not determined what subfamilies they belong
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to, and other MGE are not mentioned as well. The given
data on MGE distribution in TP53 gene in GenBank
database (reg. No. AY838896) do not give information
about the MGE class and subfamily, detailed analysis of
the total amount of MGE in gene in general and in exons
and in intorns separately is also absent. Therefore, the aim
of our work was to analyze MGE distribution in the human
TP53 gene and its 5’-flanking region in details.

Materials and Methods. Human gene TP53 nucleotide
sequence was obtained from GenBank (reg. No.U94788,
843 — 20303bp). Sr-flanking sequence of this gene (10kb)
was obtained from GENE DATABASE GENATLAS
web-site (http://www.dsi.univ-paris5.fr/genatlas
/struc_exon/TP53 1.html). Both sequences were ana-
lyzed for the presence of repeats using RepeatMasker soft-
ware, available at BCM  Search  Launcher
(http://searchlauncher.bcm.tcm.edu /seq-util.html).

Results and Discussion. Table 1 represents the results of
the MGE distribution analysis in the human gene TP53.
Summarized data on TP53 gene and its Sr-flanking region
are represented in Table 2. It has been determined that
general percentage of SINE and LINE elements in gene
and in its Sr-flanking region do not differ essentially. How-
ever, LINEI elements are located in within gene excep-
tionally, while LINE2 elements are located in 5r-flanking
region preferentially. Among MGE Alu-repeats are ob-
served the most frequently. LTR elements are not detected
at all, and DNA-transposons in some minor quantity are
represented in gene only.

MGE distribution in introns and exons was analyzed
(Fig.1). MGE were found in five out of ten human TP53
gene introns. The highest percentage of MGE is in introns
1, 6, and 9 (73.03, 68.96, and 85.45 % respectively). The
percentage is lower in introns 4 and 10 (40.66 and 32.83
%). Two SINE class MGE, namely one MIR element and
one Alu-repeat, are present in exon 11. It is worth men-
tioning that within TP53 gene only Alu-repeats out of 39
MGE sequences are full-sized elements, all the rest are
represented in fragments.

Alu-repeats are known to form clusters [28-30], which
according to [31, 32] may consist of different subfamilies.
The exception is young ALU-repeats subfamilies that are
mostly distant from clusters [33]. The involving of Alu-re-
peats into chromosome reconstruction is discussed [34].

Within TP53 gene there are three big Alu-repeats clus-
ters: two in intron 1 and one in intron 9. One cluster, which
is located in intron 1, consists of eleven Alu-repeats and
one Alu-monomer (two of which belong to young
subfamilies). It is of interest that Alu-repeats in this cluster
are surrounded or border with fragments of L1 element,
developing composite structures (Fig. 2). The second
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intron 1 cluster consists of five Alu-repeats. There are cases
when one Alu-repeat is inserted into another one (Fig. 2).
Alu-repeats that belong to intron 9, form one big cluster,
which consists of seven Alu-repeats and one Alu-mono-
mer. In this case the cluster is surrounded with MER?2 se-
quences and one more MER2 sequence is located within
this cluster. Analyzing 10 kb of 5’-flanking region, within
which there is WDR79 gene (previously FLJ10385), which
codes hypothetical protein LOC55135 and has opposite
transcription direction, we revealed that overwhelming
majority of Alu-repeats is located in three clusters, the spe-
cific feature of which is framing with L2 sequences. There-
fore, MGE within both human TP53 gene and its 5’-flank-
ing region mainly (80% and 73%) form mosaic cluster
structures, which are contain MGE of different families
and subfamilies (among them young Alu-repeats
subfamilies are also represented).

As the majority of human TP53 gene mutations are the
missence-mutations that take place in exons 5-8 [35] one
can discuss MGE involving in mutational processes only in
some cases [36-37]. However, regarding large MGE repre-
sentation in the human TP53 gene (59.96 %), the question
about the role, which they play in genome functioning,
arises.

V. A. Ratner defined a special role of MGE as ‘mov-
able cassettes of regulatory elements’ and later as ‘movable
cassettes of functional sites’ that having various sites of ex-
ternal signals reception, may influence genes expression
substantially [38, 7]. As for Alu-repeats, the presence of
functional binding sites for retinoid acid receptors was
found [39] in consensus sequence, and additional presence
of hormone-acceptor elements was shown for Alu-repeats
located in promoter regions of some genes [40].

There are known cases of MGE participation in the
regulation of cellular genes expressions [17]. Alu-repeats
can be enhancers (e.g. in the case of adenosidiamenase
gene) [41], transcriptional modulators (c-myc gene) [42],
or transcriptional silencers (PCNA gene) in particular
[43]. Alu-repeats can inactivate or change the functions of
gene products, creating alternative sites of splicing or inter-
fere into its mechanism (e.g. in the case of subunit of B1C-2
integrin) [44]. They can also act as insulators (KRT 18
gene) [45] and evidently implement other func-
tions[46-48]. The presence of Alu-repeats and other
retroposons in pre-mRNA affect polyadenilation of tran-
scripts as well as influence translation -effectiveness
[49-51]. Alu-repeats contribute to the methylation of
neighboring loci providing one more mechanism of con-
trol over genes expression [52-53].

High abundance of MGE in the analyzed human TP53
gene and its 5’-flanking region is probably connected with
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Table 1.

Distribution Analysis of mobile genetic elements and their fragments in human TP53 gene.

Coordinates in gene

MGE Class/family bordars Length(b.p.) Chain Localization
LIM2 LINE/L1 1516-1749 234 + Intron 1
AluSq SINE/Alu 1750-2043 294 - Intron 1
LIME2 LINE/LI1 2044-3031 988 + Intron 1
AluJo SINE/Alu 3082-3379 298 + Intron 1
L1 LINE/L1 3426-3485 60 - Intron 1
AluSx SINE/Alu 3486-3787 302 Intron 1
L1 LINE/L1 3787-3959 172 - Intron 1
AluSx SINE/Alu 3960-4095 136 - Intron 1
AluSq SINE/Alu 4096-4385 290 - Intron 1
AluSx SINE/Alu 4386-4560 175 - Intron 1
L1 LINE/L1 4561-4618 58 - Intron 1
FLAM ¢ SINE/Alu 4621-4737 117 - Intron 1
L1 LINE/L1 4749-4974 226 - Intron 1
AluY SINE/Alu 4975-5288 314 - Intron 1
L1 LINE/LI1 5289-5395 107 - Intron 1
AluY SINE/Alu 5396-5701 306 - Intron 1
AluSq SINE/Alu 5710-5851 142 - Intron 1
AluSq SINE/Alu 5852-6147 296 - Intron 1
AluSq SINE/Alu 6148-6327 180 - Intron 1
L1 LINE/LI1 6328-6401 74 - Intron 1
AluSq SINE/Alu 6402-6664 263 - Intron 1
AluSx SINE/Alu 6665-6984 320 - Intron 1
L1 LINE/L1 6992-7052 387 - Intron 1
MER2 DNA/MER?2 7062-7281 220 - Intron 1
MIR SINE/MIR 7776-7853 58 + Intron 1
AluSq SINE/Alu 7861-8192 332 - Intron 1
AluSp SINE/Alu 8257-8557 301 - Intron 1
AluJo SINE/Alu 8668-8719 52 - Intron 1
AluSx SINE/Alu 8720-9036 317 - Intron 1
AluJo SINE/Alu 9037-9202 166 - Intron 1
AluSq SINE/Alu 9210-9520 311 - Intron 1
L2 LINE/L2 9666-9863 198 + Intron 1
AluSx SINE/Alu 10235-10530 296 - Intron 1
L2 LINE/L2 10532-10710 179 + Intron 1
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Coordinates in gene

MGE Class/family borders Length(b.p.) Chain Localization

AluJb SINE/Alu 11754-12060 307 - Intron 4

MIR SINE/Alu 12683-12774 92 + Intron 6

AluY SINE/Alu 12789-13087 299 - Intron 6

MER47A DNA/MER2 14178-14307 130 + Intron 9

AluSq SINE/Alu 14308-14624 317 + Intron 9

AluJo SINE/Alu 14637-14854 218 + Intron 9

AluJb SINE/Alu 14863-15028 166 + Intron 9

AluSg SINE/Alu 15033-15343 311 + Intron 9

AluJo SINE/Alu 15346-15637 292 + Intron 9

MER47A DNA/MER2 15638-15792 155 + Intron 9

AluSx SINE/Alu 15855-16151 297 - Intron 9

FLAM_A SINE/Alu 16155-16279 125 Intron 9

AluSx SINE/Alu 16281-16571 291 - Intron 9

MER47A DNA/MER2 16587-16692 106 + Intron 9

AluSp SINE/Alu 17250-17551 302 - Intron 10

MIR SINE/MIR 18206-18308 102 - Exon 11

AluJb SINE/Alu 18601-18900 300 + Exon 11

Table 2.

Mobile genetic elements in human TP53 gene and its 5’-flanking region

Human TP53 gene 5?- flanking region (10 kb)
The length of the The length of the
T f th . nucleotide Percentage of . nucleotide Percentage of
Z?:n?ent ¢ Quantity 9f the sequence, which total length of the Quantity 9f the sequence, which total length of the
elements in the . ; . elements in the . B .
Ivzed region is occupied by the analyzed region analvzed arca is occupied by the | analyzed region,
analy g current type (%) ¥ current type (%)
elements (b.p.) elements, (b.p.)

SINE: 33 8686 44,63 18 4719 47,19
Alu 30 8433 43,33 17 4575 45,75
MIR 3 253 1,30 1 144 1,44

LINE: 4 2372 12,19 6 1825 18,25
LINE 1 2 1995 10,25 0 0 0
LINE 2 2 377 1,94 6 1825 18,25
L3/CR 1 0 0 0 0 0

LTR elements 0 0 0 0 0

JHK-transpos 2 611 3,14 0 0

ons:

MER 1 0 0 0 0 0 0
MER 2 2 611 3,14 0 0 0
Total 39 11669 59,96 24 6544 65,44
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Figure 1. The distribution of MGE in human TP53 gene
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Fig 2. Compositional structures of different families/subfamilies of MGE
within clusters of Intron 1 of human TP53 gene (numbers are the
coordinates within present gene)
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their participation in the regulation of this gene. Therefore,
in our further researches we plan on more detailed analysis
of the representatives of Alu-repeats subfamily to deter-
mine various functional sites in order to define the MGE
role, Alu-repeats in particular, in the expression of the hu-
man TP53 gene.
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Ax—xa/ms pacripe 1eAeHHsA MOOHMABHBIX TE€HETHYECKHX DAEMEHTOB B TIeHe TPSB

4eAOBeKa U ero )’ -(pAaHKMPYIOIIEM ydacTKe

peBIOMC

MOBUNBHBLX

IIposeden

2CHCMUYECKUX 3/1EMEHIMO8 (MFS) 8 eHemme Tp53 uenoseka u  ewo

KOMNbIOMEPHLIU  AHAAUB  PACNPOCIMPAHEHUS

5’ -paanxupyrowem yuacmre. He svisisncro cywecmeennoii pasruyor 415 SINE -
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u  LINE-snemenmos,  ognaxo  nokasano, umo  LINEI-anemernmut
npucymcmsyiom  uckaiouumenvHo 8 zeMe, moega kak LINE2 2
npeumyuwecmsenro 8 5 -paankupyrowem yuacmre. Cpequ MI'D wawe scezo
scmpeuaiomest Alu-nosmopuvi. Coscem e ob6napymncero LTR-saemenmos, a
AHK-mparncnosonst 6 HesHauumeabHoM Koauuecmse npescmasAcHbl AUULD 6
zene. Kax 8 2ema, max u e 5'-paanxupyiowem yuacmxe MI'I
NPEUMYLUCCBEHHO  (OPMUPYIOM  KAACMEPHblE MO3AUYHble CMPYKMYpol, 6
€OCMas KOMOpPbLX BXOAAM IACMEHMbL PASHLIX CCMEICME U NOACCMEICME.
Katouesvie crosa: zen TP53uenosexa, moburvrote zenemuueckue saemermet,

Alu-nosmopot, kaacmeproie MosauuHble CMPYKMYpoL.
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