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Com pu ta tional anal y sis of dis tri bu tion of mo bile ge netic el e ments within the hu man TP53 gene and its 5 -flank ing re gion
has been per formed. There was no dif fer ence re vealed for SINE and LINE re peats, but it has been shown that the LINE el -
e ments are pref er en tially pres ent within the TP53 gene and the LINE2 el e ments are pref er en tially dis trib uted within 5
-flank ing re gion of the TP53 gene. Alu re peats have been found to be the most com mon re peats within the TP53 gene and its
5 -flank ing re gion. LTR re peats have been ab sent at all and DNA transposons have been de ter mined only within the TP53
gene. It has been re vealed that mo bile ge netic el e ments within TP53 gene and its 5 -flank ing re gion pref er en tially form clus -
ters, which con tain mo bile ge netic el e ments from dif fer ent re peat fam i lies and subfamilies.
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In tro duc tion Ac cord ing to the pe cu liar i ties of struc ture and 
the mode of mov ing, mo bile ge netic el e ments (MGE) can
be di vided into 4 ba sic classes: SINE (short in ter spersed
nu clear el e ments), LINE (long in ter spersed nu clear el e -
ments), LTR el e ments (retro virus-like el e ments with long
ter mi nal re peats) and DNA-transposons [1]. MGE are not
only the fac tors of spon ta ne ous and in ducted mu ta tions
[2-4], but they are vAlu able func tional ge nome com po -
nents [5-8]. Due to MGE, ge nome is con sid ered to be a
dy namic sys tem which re acts in an ac tive way to the en vi -
ron ment changes [9-12]. Hav ing the pro mot ers of their
own, they can change the ac tiv ity of the gene ad ja cent to
them, form pro mot ers of vi tally im por tant genes [14, 15] or 
play the role of var i ous reg u la tory se quences [16-18].

In hu man ge nome the MGE part is app. 45 % of nu -
clear DNA. They are spread ran domly, mainly in
intergenic or intron re gions, rarely in exons [6, 19]. In
many genes, MGE or se quences, orig i nated from them,
are pres ent in pro moter, 5’- and 3’- flank ing re gions, which 
points out to their im por tant role in func tion ing of ge -
nome, in gene ac tiv ity reg u la tion, in par tic u lar [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 3ґ-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.

Ma te ri als and Meth ods. Hu man gene TP53 nu cle o tide 
se quence was ob tained from GenBank (reg. No.U94788,
843 – 20303bp). 5ґ-flank ing se quence of this gene (10kb)
was ob tained from GENE DATABASE GENATLAS
web-site (http://www.dsi.univ-paris5.fr/genatlas
/struc_exon/TP53_1.html). Both se quences were an a -
lyzed for the pres ence of re peats us ing RepeatMasker soft -
ware, avail able at BCM Search Launcher
(http://searchlauncher.bcm.tcm.edu /seq-util.html).

Re sults and Dis cus sion. Ta ble 1 rep re sents the re sults of 
the MGE dis tri bu tion anal y sis in the hu man gene TP53.
Sum ma rized data on TP53 gene and its 5ґ-flank ing re gion
are rep re sented in Ta ble 2. It has been de ter mined that
gen eral per cent age of SINE and LINE el e ments in gene
and in its 5ґ-flank ing re gion do not dif fer es sen tially. How -
ever, LINE1 el e ments are lo cated in within gene ex cep -
tion ally, while LINE2 el e ments are lo cated in 5ґ-flank ing
re gion pref er en tially. Among MGE Alu-re peats are ob -
served the most fre quently. LTR el e ments are not de tected
at all, and DNA-transposons in some mi nor quan tity are
rep re sented in gene only.

MGE dis tri bu tion in introns and exons was an a lyzed
(Fig.1). MGE were found in five out of ten hu man TP53
gene introns. The high est per cent age of MGE is in introns
1, 6, and 9 (73.03, 68.96, and 85.45 % re spec tively). The
per cent age is lower in introns 4 and 10 (40.66 and 32.83
%). Two SINE class MGE, namely one MIR el e ment and
one Alu-re peat, are pres ent in exon 11. It is worth men -
tion ing that within TP53 gene only Alu-re peats out of 39
MGE se quences are full-sized el e ments, all the rest are
rep re sented in frag ments.

Alu-re peats are known to form clus ters [28-30], which
ac cord ing to [31, 32] may con sist of dif fer ent subfamilies.
The ex cep tion is young ALU-re peats subfamilies that are
mostly dis tant from clus ters [33]. The in volv ing of Alu-re -
peats into chro mo some re con struc tion is dis cussed [34]. 

Within TP53 gene there are three big Alu-re peats clus -
ters: two in intron 1 and one in intron 9. One clus ter, which
is lo cated in intron 1, con sists of eleven Alu-re peats and
one Alu-mono mer (two of which be long to young
subfamilies). It is of in ter est that Alu-re peats in this clus ter
are sur rounded or bor der with frag ments of L1 el e ment,
de vel op ing com pos ite struc tures (Fig. 2). The sec ond

intron 1 clus ter con sists of five Alu-re peats. There are cases 
when one Alu-re peat is in serted into an other one (Fig. 2).
Alu-re peats that be long to intron 9, form one big clus ter,
which con sists of seven Alu-re peats and one Alu-mono -
mer. In this case the clus ter is sur rounded with MER2 se -
quences and one more MER2 se quence is lo cated within
this clus ter. An a lyz ing 10 kb of 5’-flank ing re gion, within
which there is WDR79 gene (pre vi ously FLJ10385), which 
codes hy po thet i cal pro tein LOC55135 and has op po site
tran scrip tion di rec tion, we re vealed that over whelm ing
ma jor ity of Alu-re peats is lo cated in three clus ters, the spe -
cific fea ture of which is fram ing with L2 se quences. There -
fore, MGE within both hu man TP53 gene and its 5’-flank -
ing re gion mainly (80% and 73%) form mo saic clus ter
struc tures, which are con tain MGE of dif fer ent fam i lies
and subfamilies (among them young Alu-re peats
subfamilies are also rep re sented).

As the ma jor ity of hu man TP53 gene mu ta tions are the
missence-mu ta tions that take place in exons 5-8 [35] one
can dis cuss MGE in volv ing in mutational pro cesses only in 
some cases [36-37]. How ever, re gard ing large MGE rep re -
sen ta tion in the hu man TP53 gene (59.96 %), the ques tion
about the role, which they play in ge nome func tion ing,
arises. 

V. A. Ratner de fined a spe cial role of MGE as ‘mov -
able cas settes of reg u la tory el e ments’ and later as ‘mov able
cas settes of func tional sites’ that hav ing var i ous sites of ex -
ter nal sig nals re cep tion, may in flu ence genes ex pres sion
sub stan tially [38, 7]. As for Alu-re peats, the pres ence of
func tional bind ing sites for retinoid acid re cep tors was
found [39] in con sen sus se quence, and ad di tional pres ence 
of hor mone-ac cep tor el e ments was shown for Alu-re peats
lo cated in pro moter re gions of some genes [40].

There are known cases of MGE par tic i pa tion in the
reg u la tion of cel lu lar genes ex pres sions [17]. Alu-re peats
can be enhancers (e.g. in the case of adenosidiamenase
gene) [41], transcriptional mod u la tors (c-myc gene) [42],
or transcriptional si lenc ers (PCNA gene) in par tic u lar
[43]. Alu-re peats can in ac ti vate or change the func tions of
gene prod ucts, cre at ing al ter na tive sites of splic ing or in ter -
fere into its mech a nism (e.g. in the case of sub unit of в1C-2 
integrin) [44]. They can also act as in su la tors (KRT 18
gene) [45] and ev i dently im ple ment other func -
tions[46-48]. The pres ence of Alu-re peats and other
retroposons in pre-mRNA af fect polyadenilation of tran -
scripts as well as in flu ence trans la tion ef fec tive ness
[49-51]. Alu-re peats con trib ute to the methylation of
neigh bor ing loci pro vid ing one more mech a nism of con -
trol over genes ex pres sion [52-53]. 

High abun dance of MGE in the an a lyzed hu man TP53 
gene and its 5’-flank ing re gion is prob a bly con nected with

76

 PIDPALA  O. V.  ET  ALL.



77

ANAL Y SIS OF DIS TRI BU TION OF MO BILE GE NETIC EL E MENTS

Ta ble 1. 
Dis tri bu tion Anal y sis of mo bile ge netic el e ments and their frag ments in hu man TP53 gene.

MGE Class/family
Coordinates in gene

borders
Length(b.p.) Chain Localization

L1M2 LINE/L1 1516-1749 234 + Intron 1

AluSq SINE/Alu 1750-2043 294 - Intron 1

L1ME2 LINE/L1 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_c 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/L1 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/L1 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/MER2 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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MGE Class/family
Coordinates in gene

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

Ta ble 2. 
Mo bile ge netic el e ments in hu man TP53 gene and its 5’-flank ing re gion

Type of the
element

Human ТР53 gene 5?- flanking region (10 kb)

Quantity of the
elements in the
analyzed region

The length of the
nucleotide

sequence, which
is occupied by the 

current type
elements (b.p.)

Percentage of
total length of the 
analyzed region

(%)

Quantity of the
elements in the
analyzed area

The length of the
nucleotide

sequence, which
is occupied by the 

current type
elements, (b.p.)

Percentage of
total length of the 
analyzed region,

(%)

SINE: 33 8686 44,63 18 4719 47,19

Alu
MIR

30
3

8433
253

43,33
1,30

17
1

4575
144

45,75
1,44

LINE: 4 2372 12,19 6 1825 18,25

LINE  1
LINE 2
L3/CR 1

2
2
0

1995
377

0

10,25
1,94

0

0
6
0

0
1825

0

0
18,25

0

LTR el e ments 0 0 0 0 0 0

ДНК-transpos
ons:

2 611 3,14 0 0 0

MER 1
MER 2

0
2

0
611

0
3,14

0
0

0
0

0
0

To tal 39 11669 59,96 24 6544 65,44



their par tic i pa tion in the reg u la tion of this gene. There fore, 
in our fur ther re searches we plan on more de tailed anal y sis
of the rep re sen ta tives of Alu-re peats subfamily to de ter -
mine var i ous func tional sites in or der to de fine the MGE
role, Alu-re peats in par tic u lar, in the ex pres sion of the hu -
man TP53 gene.
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О. В. Пидпала, А. П. Яцышина, Л. Л. Лукаш

Анализ распределения мобильных генетических элементов в гене ТР53
человека и его 5’-фланкирующем участке

Резюме

Проведен компьютерный анализ распространения мобильных
генетических элементов (МГЭ) в генетте ТР53 человека и его
5’-фланкирующем участке. Не выявлено существенной разницы для SINE- 
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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)

Figure 1. The distribution of MGE in human TP53 gene
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и LINE-элементов, однако показано, что LINE1-элементы
присутствуют исключительно в гене, тогда как LINE2 ?
преимущественно в 5’-фланкирующем участке. Среди МГЭ чаще всего
встречаются Alu-повторы. Совсем не обнаружено LTR-элементов, а
ДНК-транспозоны в незначительном количестве представлены лишь в
гене. Как в гена, так и его 5’-фланкирующем участке МГЭ
преимущественно формируют кластерные мозаичные структуры, в
состав которых входят элементы разных семейств и подсемейств.

Ключевые слова: ген ТР53человека, мобильные генетические элементы, 
Alu-повторы, кластерные мозаичные структуры.
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