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THE INTERACTION OF miR-4258, miR-3960, miR-211-3p
AND miR-3155b WITH mRNAs GENES
OF NON-POLYGLUTAMINE TRINUCLEOTIDE DISORDERS

Abstract. Trinucleotide repeat expansion disorders constitute a group of dominantly inherited neurological
discases that are incurable and ultimately fatal. In the present work, miRNA binding sites were predicted by the
MirTarget program. It was given characteristics of miRNAs binding sites in 5' and 3' UTR mRNAs genes of non-
polyglutamine trinucleotide disorders with CGG, GCC, CUG repeats. Binding sites of 2567 miRNAs with mRNAs
of 17494 human genes were determined. 206 genes with nucleotide repeats, mRNAs of which are bind with miRNA
in the 5'UTR and 3'UTR, were observed. From thus, 2668 miRNAs binding sites are located in the 5'UTR, 3853 —in
the 3'UTR with AG/AGm values equal to 85 % and more. It was found that 34 gene’s mRNA having trinucleotide
(CGG\GCC\CUQG) repeats were targets for miR-4258, miR-3960 miR-211-3p and miR-3155b. miR-4258 binds to
mRNA of ADARBI, Cllorf87 and CBFB genes with free binding energy - 93 kJ/mole and AG/AGm 91%, to mRNA
of ARHGEF7, BCR, BRSK2 and C90rf91 genes with free binding energy - 91 kJ/mole and AG/AGm 89%. miR-3960
binds in GCC repeats to mRNA of ABCC/ and BLMH genes with free binding energy - 116 kJ/mole. miR-211-3p
and miR-3155b interact with mRNA of ACACA and ANKRDI13D genes in 5°-3’untranslated regions. Studying
binding characteristics of miRNA and genes will help identify association of miRNAs with genes with trinucleotide
repeats for recommending for the diagnosis of nucleotide repeat expansion disorders.
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Introduction. Trinucleotide repeats are sets of three nucleotides present in succession in various
copy numbers throughout the human genome [1]. Repetitive sequences of genetic code are quite common.
However, when these sequences grow beyond the scope of what would be considered normal, they cause
discase. While the human genome has mechanisms to protect against these expansions, patients present
with what can be severe neuromuscular and neurodegencrative disorders. There have been many diseases
discovered by TNR (trinucleotide repeat) expansions, but the most prominent are spinocerebellar ataxia,
Huntington discase, Fragile X syndrome, myotonic dystrophy, and Friedrich ataxia [2].

Small regulatory RNAs, particularly miRNAs, are known to be dynamically regulated in neuro-
genesis and brain development. Some recent studies have suggested that the alterations in small regulatory
RNAs could contribute to the pathogenesis of several neurodevelopmental disorders [3,4]. miRNA refers
to a small non-coding, single stranded RNA molecule comprising of around 22 nucleotides. By base
pairing to messenger RNA (mRNA) and triggering translation repression, the miRNAs control gene
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expression [5]. The use of miRNA as biomarkers to help diagnose neurodegencrative disorders offers
several advantages. As the expression of miRNAs are commonly altered during disease, they have gained
much attention for their potential use as biomarkers [6]. With better understanding of the role of miRNAs
in neurodegenerative diseases, scientists and researchers may create effective new drugs to treat these
devastating human illnesses. However, the biological function of most miRNAs remains to be uncovered
[7, 8]. It is therefore important to provide characteristics of miRNA interaction with mRNA genes
associated with non-polyglutamine trinucleotide disorders.

Materials and methods. The nucleotide sequences of mRNAs of human genes were downloaded
from NCBI (http://www .ncbinlm.nih.gov). The nucleotide sequences of human miRNAs were down-
loaded from the miRBase database (http://mirbase.org). The miRNAs binding sites in mRNAs of several
genes were predicted using the MirTarget program [9]. This program defines the following features of
miRNA binding to mRNA: a) the start of the initiation of miRNA binding to mRNAs; b) the localization
of miRNA BS in 5'UTRs, CDSs and 3'UTRs of the mRNAs; ¢) the free energy of interaction miRNA and
the mRNA (AG, kl/mole); d) the schemes of nucleotide interactions between miRNAs and mRNAs.
For analyzing and formatting sequences of genes, we used the sequence manipulation suite program
(https:// bioinformatics.org/sms). To prediction the secondary structure of RNA, the software RNA fold
was used (http://rna.tbi.univie. ac.at) [10].

Results and discussion. Using the MirTarget program, the binding sites of 2567 miRNA with the
mRNA of 17494 human genes were determined. 206 genes with nucleotide repeats, the mRNAs of which
are bind with miRNA in the 5'UTR and 3'UTR, were observed. 2668 miRNAs binding sites are located in
the 5'UTR, 3853 — in the 3'UTR with AG/AGm values equal to 85 % and more. Only miR-4258, miR-
3960 miR-211-3p and miR-3155b bind with 34 gene’s mRNA having trinucleotide CGG, GCC, CUG
repeats causing non - polyglutamine disorders. In table 1-3 are shown characteristics of miRNA binding
with mRNA genes having trinucleotide repeats in 5'-UTR and 3'-UTR. The mRNA of ABL2, ACVRIB,
ADARBI, ADRBKI1, APBAl, ARHGEF7, FMRI, B4GALT2, BCL11B, BCR, BRSK2, BRWDI, BTBD?7,
Clliorf87, Corf91, CACNAIA, CADM4, CAMK4, CARMI, CBFB, CBL and CCDC93 genes having
trinucleotide repeats interact with miR-4258 in 5'-UTR in regions with CGG repeat. The binding sites of
miR-3960 in mRNA ofABCCI, ABCD3, AFF2, ANKH, ANKRDI3D, BCLI1IA, BCIL2L11, BLMH,
C4orfl9 and CAI0 genes are located in 5'-UTR in regions with GCC repeat. mRNA of ACACA and
ANKRDI13D genes interact with miR-211-3p and miR-3155b in 5'-UTR / 3'-UTR in regions with CUG
repeat.

Table 1 — Characteristics of miR-4258 binding sites
in the 5'-UTR mRNA genes having CGG trinucleotide repeat

Clmes Beginning of AG, AG/AGm, Scheme of miRNA binding
binding site kJ/mole % with mRNA genes

5' - CGGCGGCGGUGGCGGCGG - 3!

ABL2 21 -89 87 LT
3' - GGUUCCGCCACCGCC-CC - 57
5' - CGGCGGCGGUGGCGGCGG - 3!

ACVRIB 46 -89 87 LT
3' - GGUUCCGCCACCGCC-CC - 5!
5' - CCGUGGCGGCGGCGGCGG - 3!

ADARBI 18 -93 91 FETTEE et 1
3' - GGUUCCGCCACCGCC-CcC - 5!
5' - CGCGGGCGGCGGCGGCGG - 3!

ADRBK1 7 -87 85 LTt err 1
3' - GGUUCCGCCACCGCC-CC - 5!
5' - UCCCGGCGGCGGCGGCGG - 3'

APBAI 50 -87 85 LT Errrrrrerr 1
3' - GGUUCCGCCACCGCC-CcC - 5!
5' - GCGAGGCGGCGGCGGCGG - 3'

ARHGEF7 155 -91 89 FEEEEErrrrrrer 1
3' - GGUUCCGCCACCGCC-CcC - 5!
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5" - GCGCGGCGGCGGCGGCGG — 3!
FMRI 98 87 85 I

3' - GGUUCCGCCACCGCC-CC - 57

5' - CCCGCGGCGGCGGCGGCG — 3!
BAGALT? 133 87 85 I

3' - GGUU-CCGCCACCGCCCC - 57

5' - CGGCGGCGGCGGCGGCGE - 3!
BCLIIB 150 87 85 L 1

3' - GGUUCCGCCACCGCC-CC - 5'

5' - CCGAGGAGGCGGCGGCGG - 3'
BCR 200 91 89 LELEEE TIEIErrt 1

3' - GGUUCCGCCACCGCC-CC - 5!

5' - CCUCGGCGGCGGCGGCGG - 3'
BRSK?2 100 91 89 LTy 1

3' - GGUUCCGCCACCGCC-CC - 57

5" - CGGCGGCGGCGGCGGCGG - 3'
BRWDI 175 87 85 R

3' - GGUUCCGCCACCGCC-CC - 57

5" - CGGCGGCGGCGGCGGUGG — 3!
BTBD7 87 87 85 R

3' - GGUUCCGCCACCGCC-CC - 57

5' - CGAAGGCGGCGGCGGCGG - 3'
Cllonf87 11 -93 91 LT 1

3' - GGUUCCGCCACCGCC-CC - 57

5' - CCGGGGUGGCGGCGGCGG - 3'
CY9orP1 10) 91 89 NIRRRERRRER AN

3' - GGUUCCGCCACCGCC-CC - 57

5' - UCAGCGGCGGCGGCGGCG - 3!
CACNAIA 158 87 85 LELE TEEETIrrrn

3' - GGUU-CCGCCACCGCCCC - 57

5" - CGGCGGCGGCGGCGGCGG - 3'
CADM4 27 87 85 R

3' - GGUUCCGCCACCGCC-CC - 57

5' - CGCGGGCGGCGGCGGUGG — 3!
CAMKA 90 87 85 LT 1

3' - GGUUCCGCCACCGCC-CC - 57

5' - CAGCGGCGGCGGCGGCGG - 3'
CARMI 12 87 85 L 1

3' - GGUUCCGCCACCGCC-CC - 57

5' - CUGAGGCGGCGGCGGCGG - 3'
CBFB 39 93 91 LELETTIEITI Tt 1

3' - GGUUCCGCCACCGCC-CC - 5'

5' - CCGGCGGCGGCGGCGGCG — 3!
CBL 14 -89 87 IR

3' - GGUU-CCGCCACCGCCCC - 57

5' - CGGCGGCGGCGGCGGCGG — 3!
CCDCY3 33 87 85 L 1

3' - GGUUCCGCCACCGCC-CC - 57

According to the table 1 only mRNA of ADARBI, Cllorf87 and CBFB genes have miR-4258
binding sites with free binding energy — 93 kJ/mole with the AG/AGm values equal to 91%. miR-4258
binds to CGG repeats of ADARBI gene in repeat nucleotide sequences CGGy. The binding sites are
located between 15 and 62 repeat nucleotide sequences with start in 18 nt. The binding sites of miR-4258
in mRNA of Cl/lorf87 and CBFB genes are located in repeat nucleotide sequences CGGio /CGGs
between 5-40 and 36-65 with start in 11 and 39 nt, respectively free binding energy equal to — 93 kJ/mole
(figure 1). The secondary structures given in the figure clearly show the preferential formation of bonds
with miR-4258.
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A- mir-4258 binding site
in mRNA ADARB gene

Figure 1 — Secondary structures of location of mir-4258 binding sites in 5° UTR mRNA of ADARB, C11orf87 and CBFB genes

It was known that ADARBI gene encodes an RNA editing enzyme, expressed mainly in the central
nervous system (CNS), which is involved in the downstream regulation of neuro transmitters. ADARB/
(also known as ADARZ2) spans a genomic region of 25 kb on chromosome 21g22.3 and comprises
16 exons and regulates its own expression through self-editing [11]. It was demonstrated that mRNA of
ARHGEF7, BCR, BRSK2 and C9orf91 genes interact with miR-4258 with free binding energy —

91 kJ/mole and AG/AGm values equal to 89%.

B - mir-4258 binding site
in mRNA C1lorf87gene

C -mir-4258 binding site

in mRNA CBFBgene

Table 2 — Characteristics of miR-3960 binding sites in the 5'-UTR mRNA genes having GCC trinucleotide repeat

Bane Beginning of AG, AG/AGm, Scheme of miRNA binding
binding site kJ/mole % with mRNA genes

5" CCCUGCGBCCGCCGCCGCCGLCe 3"

ABCC1 31 -116 93 LEEE FErr trrrrrrrrn
< GGGG-GCGGAGGCGGCGGCGG 5!
5 GCCGCCGCCGCCGCCGCCGCC 3"

ABCD3 46 -114 91 L rrrrrrrrrn
3! GGG-GGCGGAGGCGGCGGCGG 5 °
5" GCCGCUGCCGCCGCCGCCGLCC 3"

AFF2 14 -110 88 LT EEEr trrrrrrrrn
< GGG-GGCGGAGGCGGCGGCGG 5!
57 CCUUCUGCCGCCGCCGCCGCC 3"

ANKH 34 -112 89 LEELEEre trrrrrrrrn
3" GGG-GGCGGAGGCGGCGGCGGE 5t
57 CCUGCCGCCCGCGCUGCCGLCC 3!

ANKRD13D 19 -108 86 LEELrerer rerrrrrrn
3! GGG-GGCGGAGGCGGCGGCGG 5!
57 CGUCCGCCCBLCCGLCCGLCGee 3"

BCLI1IA 177 -112 89 Lrrrrrrr trrrrrrrrn
3" GGGGGCGGA-GGCGGCGGCGGE 5t
57 GCCGCUGCCGCCGCCGCCGCC 3!

BCL2L11 61 -110 88 Lt trrrrrrrrn
3! GGG-GGCGGAGGCGGCGGCGG 5!
57 CUCCCCGCCGCCGLCCGCCaee 3"

BLMH 182 -116 93 LEEEE Lre trrrrrrrrn
3" GGGGG-CGGAGGCGGCGGCGGE 5t
5¢ GACCCCGCCGCCGCCGCCaee 3t

CHorf19 73 -108 86 LEELEE trrrrrrrrn
3" GGGGG-CGGAGGCGGCGGCGG 5"
57 GCUGCCGCCGCCGCCGCCGCC 3!

CAI0 772 -110 88 LT EEEE trrrrrrrrn
31 GGG-GGCGGAGGCGGCGGCGG 5"
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It can be seen from the table 2 that the free energy of the interaction of the miR-3960 with mRNA of
ABCCI1, ABCD3, AFF2, ANKH, ANKRD13D, BCLI11A, BCL.2L11, BLMH, C4orfl19 and CA10 genes are
constituted more than - 108 kJ/mole with AG/AGm values equal to 86 -91%. Among mRNA genes having
nucleotide GCC repeats only ABCC/ and BLMH genes bind with high free energy - 116 kJ/mole with
miR-3960. miR-3960 binding sites are located in region with GCC; and GCC; repeats between 31 (begin-
ning of binding sites) — 57 and 182 (beginning of binding sites) — 211 nt (figure 2). The secondary
structures given in the figure clearly show the preferential formation of bonds with miR-3960. The mRNA
gene of ABCD3 interact with miR-3960 with full GCC; repeat. However, the binding sites of miR-3960
and mRNA genes of ANKH (GCCs), ANKRD13D (GCC,) and BCLI11A4 (GCC,) have only four and five
GCC repeat.

A - mir-3960 binding site in mRNA ABCCI gene B - mir-3960 binding site in mRNA BLAMH gene
Figure 2 — Secondary structures of location of miR-3960 binding sites in 5’UTR mRNA of ABCC1 and BLMH genes

ABCCI (MRPI) is well known for its role in rendering cancer cells resistant to chemotherapy.
ABCCI is expressed in brain capillaries on the abluminal surface between the luminal membrane (CD31)
and astrocytic end-feet (GFAP). Moreover, the free energy of miR-3960 interaction with mRNA gene of
ABCD3 indicate —114kJ/mole with AG/AGm values equal to 91%. ABCD3 is one of the most abundant
peroxisomal membrane proteins, at least in hepatocytes, and has been reported to be involved in the
transport of various fatty acids. Mutation in ABCD3 have been found in two individuals affected by
Zellweger syndrome.

Table 3 — Characteristics of miR-211-3p, miR-3155b binding sites in 5'-UTR
and 3'-UTR mRNA genes having CUG trinucleotide repeat

. . Beginning of AG, AG/AGm, Scheme of miRNA binding
Grene iRz | Begion. binding site kJ/mole % with mRNA genes
miR- 5' - GCGCGCCUGCUGCUGUCCCCGU - 3!
ACACA 21123 S'UTR 61 -101 85 FEEE TR Frrrrrrrrrrn
p 3' - CGUGGGGA-AACGACAGGGACG - 5'
; 5' - UCUCUGCUGCUGAGCUUGG - 3'
ANBRD - iR 1 3UTR | 2056 87 85 IR
3' - AGGG-UGACGUCUCGGACC - 5"

From the table 3 obtained data indicate that miR-211-3p and miR-3155b interact with mRNA of
ACACA and ANKRDI3D genes in 5°-3 untranslated regions. miR-211-3p binding site in the 5'UTR
mRNA of ACACA gene is located from 61 to 82 nt with (CUG); repeat. miR-211-3p interact with high
free energy -101 kJ/mole mRNA of ACACA gene.
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Figure 3 -
Secondary structures
of miR-211-3p binding sites
location in 5’UTR mRNA
of ACACA gene

miR-211-3p

Thus, the obtained results show that the greater number of genes are targets for miR-4258. miR-4258
binds to mRNA of 22 genes (ABL2, ACVRIB, ADARBI, ADRBKI, APBAI, ARHGEF7, FMRI,
B4GALT?2, BCL11B, BCR, BRSK2, BRWDI, BTBD7, Cllorf87, C9orf91, CACNAIA, CADM4, CAMKH,
CARMI, CBFB, CBL and CCDC93) with free binding energy -89 kJ/mole -(-93 kJ/mole) and AG/AGm
value from 85% to 91%. Morcover, the binding sites of miR-3960 in mRNAs of ABCCI, ABCD3, AFF2,
ANKH, ANKRDI13D, BCLI1A, BCL2L11, BLMH, C4orfl9 and CAI0 genes have highest free binding
energy from -108 kJ/mole to -116 kJ/mole and AG/AGm value from 86% to 93%. The maximum free
energy of miR-3960 binding to mRNA 1is -116 kJ/mole. miR-3960 plays an important role in osteogenic
transdifferentiation of vascular smooth muscle cells (VSMCs) and contributes to vascular calcification
[12]. miR-3960 has 1100 binding sites on 375 target mRNAs with AG/AG,, values of 90% or more and
belong to a group of unique miRNAs [13].

Conclusion. In this paper, we have presented characteristics of predicted binding sites of miRNAs
with mRNA genes of non - polyglutamine trinucleotide disorders. The most interesting data concerm the
analysis of target genes of miR-4258, miR-3960 miR-211-3p and miR-3155b. The identified associations
of these miRNAs and target genes can be used to develop molecular methods for the neurological disease
diagnosis. Also to date, there is a limited researches on nucleotide repeats. Therefore, further analysis
using interaction of miRNAs with mRNA genes of all nucleotide repeats (di-, tri-, tetra-, penta-) including
CDS region may be very useful to obtain advances knowledge.

Funding. This study was supported by a grant (AP05132460) from the Ministry of Education and
Science, Kazakhstan Republic, SRI of Biology and Biotechnology Problems, al-Farabi Kazakh National
University.

A. M. Beskokaes, P. E. HusizoBa
On-Oapadu arerHIarsl Ka3ak yIrTeIK yHEBEpCHTETI, AMaTsr, KazakcTan

NOJUTTIYTAMUHAI EMEC TPHHYKJEOTHATIK BY3bLIBICThBI
TEHJAEPJIH Mrna-MEH miR-4258, miR-3960, miR-211-3P
7KIOHE miR-3155b-JIAP/IbIH O3APA OPEKETTECYI

Annoranmms. TpHHYKICOTHATIK KAHTATAHBIMIB SKCHAHCHA OY3BUTBICTAPHI CMIACIMCHTIH, aKbIP COHBIHAA ©JIiM-
T€ OKEJII COFATHIH HEBPOJIOTHSIIBIK TYKbIM KyaJaHThIH aypyap ToObH Kypaiabl JKymsic 6apsicsiHna miRNA-apH
OaiimanpIcaThIH caliTTapsl MirTarget OaraapiaMace! apKeUThl 00DKAHAEL By 6araapiaaMa Keneciiepai aHBIKTAH b
miRNA-spiH mMRNA-McH OafimaHbIiCThIpaTsiH cauTTapeiHbIH OactamysH, 5'UTR, CDS xone 3'UTR-me mRNA
CaUTTapBIHBIH OpHANACYHI, 00c OaiimaHbicy »HEPruacH (AG, x/Lx/moms) sxkoHe MiIRNA-HBIH HYKJICOTHATCPIHIH
mRNA-MeH opekeTTecy cxemanapsl Op arimak yimiH AG/AGm xaremacs! (%) ecenrenai, myHaarsl AGm HyKiIeo-
THATCPAIH TOJBIK Tiz0eri Oap miRNA-HbH 0oc Oaiimansic 3HCPrHACHHA TCH. [ CHOCPAIH OapibIK HYKJICOTHATIK
1i30eri GenBank-tran amsraas (http://www.ncbi.nlm.nih.gov). miRNA mykmeotuarep tizderi miRBase momimerTep
6azaceiHan amstHab! (http://www.mirbase.org). miRNA-reHIiK 3KCIPECCHIHBI TPAHCKPUIIIMIAH KEHIHTI perTeyae
MaHBI3IBI pon atkaparsiH, koarammaraH PHK-wem ymkeH ToOBL. CGG, GCC, CUG kaiiTagaHaThIH MOTUTIYTA-
MHHIK €MCC TPHHYKICOTHATI Oy3pumhicTapabiy 5' sxone 3' UTR-ne renaepain mRNA-meH miRNA-1bH OalIaHbI-
CaThIH calTTapbiHa cumarrtama Ocpinmmi. 2567 miRNA-geH 17494 amam renacpiniH mRNA-MeH OalIaHBICATHIH
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catirrapsl anbIkTanasl. S'UTR xone 3'UTR-ne mRNA-napsr miRNA-MeH OalinaHBICKAH HYKJICOTHATCPAIH KaHWTa-
maHysI 0ap 206 ren Oaikamael. Ocsrmaima, S'UTR-me 2668, 3'UTR-ae 3853 miRNA-McH GaiinaHbIcaThIH CalTTap
85 % sxone omaH ga ken AG / AGm moraepac opHamackan. Tpunykieoruarik CGG, GCC, CUG kadrtamanysr 6ap
34 rennin mMRNA-mapsr miR-4258, miR-3960 miR-211-3p sxoHe miR-3155b-mapeiHa HBICAH CKCHIITI AHBIK-
tanasl. ADARBI, Cllorf87 »xone CBFB rennepain mRNA-mapemsiH 0oc 3Heprusacel AG/AGm 91 % moniage —
93 k/bx/mMonb-fa TeH, coHbIMEH Katap ARHGEF7, BCR, BRSK2 sxone CYorf9] reaaepain mRNA-mapsiHbIH 00c
OaiimanbicaTbiH SHepriachl AG/AGm 89 % moniame — 91 x/Ix / Moab-Fa TeH, miR-4258-6¢H Garnansicanst. ABCC1
skoHe BLMH renpepinin mRNA-mapsmbiy GCC kafiranansmvaapsl 6oc Gatimanbicateie 3aeprmsicsl — 116 kJ/mole
6oxarerH miR-3960-0en Oatinmanpicanel. miR-3960 GaimansicTeipy caitrtapsl GCC; xoHe GCCg KaHTanmaHATHIH
31 aiiMakra OpHATACKAH (OAHIAHBICTHIPY CAHTTAPBIHBIH OacTaiaysl) — 57 skoHE 182 (GalmaHBICTBIPY CAHTTAPBIHBIH
Oacranysi) — 211 nt. GCC,-kaltraapIMHBIH TOJHIK KalitaganysiMeH, ABCD3 reninin mRNA-ce1 miR-3960-nicH e3apa
opekerreceni. Jereamen miR-3960 sxone ANKH (GCCs), ANKRD13D (GCCy) sxone BCLI114 (GCC,) rennepinin
Gaiinanbicy caiTTapbiHAa Tek TepT koHe Oec GCC Kadtamanysl 6ap. miR-3960-375 renmepain mRNA Hbican-
mapeiHTa AG/AGm 90 % ynecinae 1100 caifitmeH OalIaHBICATBI HEMCECE OJAH JKOFAPHI HBICAHAAPFA APHAJFAH
OaiimanbIcy cadTTapsl 0ap skoHE epekme miRNA To6wma xatamer. 5° skoHE 3 'UTR-me ACACA wone ANKRDI13D
renaepiriF MRNA-mapsr miR-211-3p xore miR-3155b-men e3apa apexerreceni. 4CACA renaepinin mRNA-1apsr
5'UTR-ge miR-211-3p-nen Oaitmampicybl 61-nen 82 ©r apamerbiHma (CUG); KaWTaTaHybIMEH OPHAJNACKAH.
miR-211-3p xoraper 6oc sueprmsiveH MRNA-ma — 101 x/bx/moms ecebimen ACACA TEeHIMEH OpEKETTECEi.
miRNA-mapmMeH reHznepAiH OaWIaHBICY CHIATTAPBIH 3€PTTEY HYKICOTHUATIK KAWTANTAHATBIH 3KCHAHCHSLUIBIK
Oy3pIIBICTAPABI JHaTHOCTHKANAY 12 MiIRN A-MEH acCONMANMSCHIH AaHBIKTAYFa KOMEKTECEI.
Tyiiin ce3aep: miRNA, mRNA, 6alnaHbICaThIH CAHT, TPHHY KJICOTHATI KAWTAIAHATHIH SKCTIAHCHS.

A. M. Beaxko:xaesn, P. E. Husi3osa
Kazaxckuii HaHMOHATBHBIM YHUBEPCHUTET UM. anb-DPapadbu, Amvarsl, Kazaxcran

B3AMMOJEACTBHUE miR-4258, miR-3960, miR-211-3P K miR-3155b C mRNA I'EHOB
HENOJUTJIYTAMHHOBBIX TPHHYKJIEOTHJHBIX PACCTPOUCTB

AnHoTamus. PaccTpoiicTBa 3KCHIAHCHH TPHHYKJICOTHIHBIX MOBTOPOB MPEACTABILIOT COOOH TPYIILY AOMH-
HAHTHO-HACJICTyEMBIX HEBPOJIOTHYCCKHX 3a00JCBAHMH, KOTOPHIC HEH3ICUMMBI M B KOHCUHOM HTOTC IMPHBOIAT K
aerampHOMYy Hcxondy. M3menenme sxcmpeccmum MiRNA cumTaeTcs OTIMUHTENBHBIM IMPU3HAKOM MHOTHX 3aborte-
BaHUI, BKIFOYAA HAPYIICHHSA SKCIAHCHH TPHHYKICOTHIHBIX MOBTOPOB. B HacTOAmEH pabOTe CAWTHI CBA3BHIBAHHA
miRNA 6p1umn peackazansl mporpammoi MirTarget. ITporpamva onpeaersieT: Hauano caiTtos ca3bBaHusI MIRNA
¢ mRNA; pacmonoxerue caiitoB B SUTR, B CDS u B 3'UTR mRNA; cBoboanyto sxepruto rudpumm3anun (AG,
kJ/mole) u cxembr B3aumoaciicTBHA HYKICOTHAOB MIRNA ¢ mRNA. JI14 KaKI0TO CalTa PACCUNTHIBATN OTHOIICHUC
AG/AGm (%), toe AGm paBHA CBOOOTHOM 3HCPTHH CBA3bIBAHAA MIRNA ¢ MOTHOCTRIO KOMIUICMCHTAPHOH HYKJICO-
THIHOH IOCTIEA0BATEIRHOCTHIO. Bee HykneoTuanbie mocneaopaTeabHocTH MRNA renos 3anmctoBamm u3 GenBank
(http://www.ncbi.nlm.nih.gov). Hyxmeormmusle nocmemosarensHocTn MIRNA momyuenst w3 06assl miRBase
(http://www.mirbase.org). miRNA mnpencrapmsier coboii 60ibImIOE CEMEHCTBO KOHCEPBATHUBHBIX HEKOJHPYIOIINX
PHK, urparooiux KIOUYEBYIO POJIb B MOCTTPAHCKPHIIHOHHON PETYJLIIH JKCIPECCHH T€HOB. [IpuBecHBI XapakTe-
puctuku catitos cea3bmBaHims MIRNA B S'UTR u 3'UTR mRNA reHOB HENOJHTIY TAMHHOBBIX TPHHY KICOTHIHBIX
paccrpoticte ¢ mosropamu CGG, GCC, CUG. bsum ompeacncHsl calitel CBa3biBaHuA 2567 miRNA ¢ mRNA
17494 renoB uenoBeka. bputo oOHapy>keHO 206 TEHOB C HYKICOTHAHBIMH MOBTOpaMH, MRNA KOTOPBIX CBS3bI-
pauch ¢ MIRNA B 5'UTR u 3'UTR. Takum obpazom, 2668 caiira cea3panus miRNAs pacnionoskenst B SUTR,
3853 - B 3'UTR co snaucHmaMu AG/AGm, paBabiME 85% 1 601¢e. Beiio o6HapyxeHo, uto mRNA 34 reHOB, HMCIO-
X TpuHyKreotuaasie CGG, GCC, CUG mosropsl, 66umn MumeHb0 At miR-4258, miR-3960 miR-211-3p u miR-
3155b. miR-4258 cea3semactrca ¢ mRNA reHoB ADARBI, Cllorf87 u CBFB co cBOOOIHON 3HCPTHCH B3aUMOACH-
creug - 93 xJbx/™Mome u AG/AGm 91%, ¢ mRNA renoB ARHGEF7, BCR, BRSK2 n C9orf91 co cBOOOTHOH
sHeprucH B3amMmoaeicTBuA - 91 k/x/Momp 1 AG/AGm 89%. miR-3960 ceassBacTca B moBTopax GCC ¢ mRNA
reHoB ABCCI u BLMH co cBoOoaHo# 3neprucii BzanmmoaeicTsmst - 116 k/hx/mons. Catirel cs3pBanns miR-3960
pacnosoxkers! B 001actu ¢ mosropamMu GCC, u GCCg mexxay 31 (wagamo cadToB CBA3bIBaHUA) - 57 w1 182 (Hauamo
calitoB cesa3pBaHuA) - 211 HT. MRNA rena ABCD3 B3ammozcicTeyer ¢ miR-3960 ¢ momabM mosTOopoM GCC;.
Omnaxo catitel csa3piBaHAA TeHOB MiR-3960 w mRNA renoB ANKH (GCCs), ANKRD13D (GCCy) u BCLI1A
(GCC,) mmerot To1BKO deThIpe U mATh MOBTOPOB GCC. miR-3960 mmeer 1100 caiiToB cBa3pBaHuS HA 375 MRNA -
MumeHsx co 3HaueHmwIMH AG / AGm 90% u 60xee u OTHOCATCS K rpymie YHUKATbHEIX MIRNA. miR-211-3p u
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miR-3155b B3ammonaetictByror ¢ mMRNA reuoB ACACA uw ANKRDI3D B 5'-3'-HeTpancmupyemsix obmactax. Cair
cesa3piBaHmst MiR-211-3p B 5'UTR mRNA renos ACACA pacmonoxeH ot 61 1o 82 ur ¢ mosroperueM (CUG);. miR-
211-3p mzammopeiicteyer ¢ mRNA Bbicoko# cBobomnoH sHeprum -101 x/bx / moms reHa ACACA. W3yueHue
XAPaKTEPUCTHK CB3bIBAHMS MIRNA M r¢éHOB MOMOKET BBUIBUTH CBA3b MIRNA ¢ reHaMu C TpHHYKICOTHIHBIMU
TOBTOPAMH JJIS1 PEKOMEHIANNH IS TUATHOCTHKHM HAPYIICHUH IKCTIAHCHHU HY KJICOTH/IHbBIX IOBTOPOB.

Kirouesnie ciioBa: miRNA, mRNA, caiiT CBsI3bIBaHES, SKCIIAHCHS TPHUHY KJICOTHIHBIX IIOBTOPOB.
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