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are recommended as biomarkers of metabolic syndrome. All these associations with exception of miR-4-11316-5p
and mRNA of INSR gene are recommended for diagnostics of atherosclerosis. Concentrations of these miRNAs
and mRNAs of candidate genes, suggested for early diagnostics of cardiovascular diseases, are easy controlled in
the blood.
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OCOBEHHOCTU CBA3bIBAHMA MIRNA C MRNA FrEHOB CEMEMCTBA E2F
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YcTaHoBMeHbl XapakTepucTukmn Baanmogencteust miRNA ¢ mRNA reHoB ceMeiicTBa TPaHCKPUMLMOHHbIX hakTo-
poB E2F. CainTbl cBaA3biBaHNA MiRNA pacnonoxeHbl B 5'UTR, CDS 1 3'UTR. mRNA opTonornyHbix reHoB E2F1-E2F8
cofepxar canTbl cBsidbiBaHUS MIRNA MHOrMX BUAOB XXMUBOTHbIX, YTO CBMAETENbCTBYET O paHHEM BO3HUKHOBe-
HUW pPerynauumn 3KCNpeccum aTnux reHos nocpeacTsoM miRNA.

KnioueBble cnoea: miRNA, mRNA, E2F reHbl, OpTO/IOrMYHbIE reHbl, OHKOreHes.

Benku cemenctsa E2F perynupyroT aKCNpeccuto reHoB KNeTOYHOro LMKa, anonTosa v y4acTBYHOT B OHKO-
reHese. Yuyactue E2F B oHKOreHese onpefensieT Heo6xoANMOCTb M3y4YeHUs 0CoBeHHOCTe cBA3bIBaHUSA MIiRNA
¢ mRNA reHoB cemencTtBa E2F. HykneotugHble nocnegoBatesibHOCTM MRNA reHoOB YenoBeka U OpTONIOrnYHbIX
reHoB 3arpy>eHbl u3 NCBI GenBank (http://www.ncbi.nim.nih.gov). HykneoTuaHble nocnefoBatenbHOCTU 2565
miRNA uenoBeka B3sTbl U3 6a3bl AaHHbIX miRBase (http://mirbase.org), a 3701 miRNA 3aumMcTBOBaHbI U3 Ny6K-
kauum [1]. CaitTbl cBsizbiBaHWss MiIRNA npefackasbiBany ¢ UCNonb3oBaHWeM nporpammbl MirTarget [2]. 22 miRNA
cesAsbiBatoTca ¢ MRNA reHa E2F1, n3 kotopbix gecAtb cBsisbiBatotcss B 5'UTR, BocemMb - B CDS u ueTbipe - B
3'UTR. YcTaHOBNEHO Hannune caiToB cBA3biBaHUA AnsA miR-20-23817 B CDS mRNA opTonornyHbix reHoB E2F1.
HykneoTuaHble nocnefoBaTelbHOCTU CaUTOB CBA3bIBaHMA MiR-20-23817-3p koaupytoT oknanentua PAAPAAGR,
KOTOpbIN coxpaHsieTcs y 17 BuaoB mnekonutarowmx. leH E2F2 nmeet caiTbl CBA3bIBAHUS TObKO A1 BOCbMU
miRNA, pacnonoxeHHble B 3'UTR 1 CDS. l'entanentug TPHGPEG, kogupyemblii canTom cBsA3biBaHMsA MiR-760-3p,
KoHcepBaTuBeH y 18 Buaos mnekonutatolwnx. mRNA reHa E2F3 umeet cainTbl cBasbiBaHuA ans 30 miRNA. miR-
7-19239-3p cesisbiBaeTcs B 5'UTR, miR-1-2558-3p 1 miR-5-16871-5p B 3'UTR, a gpyrne miRNA B CDS. mRNA reHa
E2F3 nmeeT MHOXeCTBeHHble canTbl cBA3biBaHUA A8 15 miRNA B CDS. CanTt cBAsdbiBaHUA MiR-19-42593-3p
kogupyet onuronentug AAVVAAAAAA, KOTOpbI ABNAETCA BbICOKO KOHCEpBATMBHbIM B 6enke E2F3 12 Bngos
MnekonuTarowmx. leH E2F4 conepXxut cantbl cAsbiBaHusa ans wectu miRNA B 5'UTR, CDS n 3'UTR. miR-1322
MMeeT MHOXEeCTBEHHble calTbl cBA3biBaHMA B MRNA opTonormyHbix reHoB E2F4, koampyrowmnx nonvnenTtuz
SSSSSSSSSSSNSNSSSSS pasHov AnuHbl, B 3aBUCMMOCTU OT Buga mnekonutarowmx. mRNA reHa E2F5 umeet
caunTbl cBA3bIBaHUA Ana BocbMu MiRNA, pacnonoxeHHble B CDS. lentanentug LLQEAKD, koanpyemblin cantom
cBsi3biBaHUs MiR-6791-3p, koHcepBaTuBeH y 19 BuaoB Mnekonutatrowmx. miR-18-39953-5p B8 mRNA reHa E2F5
KOAMpyeT KoHcepBaTuBHbINA okTanentug GGAGGGSS. mRNA reHa E2F6 umeet caiitbl cBasbiBaHusa B 5'UTR un
3'UTR. YuyacTku cssbiBatowne miR-19-43065-3p nonHocTbio roMmonormyHbl y Homo sapiens, Pan troglodytes,
Nomascus leucogenys, Pan paniscus. CaniT cBsisbiBaHUsi miR-14-34881-3p nonHocTbio romonornyeH B mRNA
reHa E2F7 H. sapiens, Rhinopithecus roxellana, Chlorocebus sabaeus, P. paniscus, a B mRNA ocTanbHbIX BUA0B
nMeeTcs TOSIbKO ofHa 3aMeHa HykneoTuaoB. Tpu miRNA, ceasbiBatowmecs ¢ mMRNA reHa E2F8, numetoT MHOXe-
CTBEHHbIe CalTbl CBAA3bIBaHUS, pacnonoxeHHble B 3'UTR. miR-3-5147-5p nmeeT feBATb CalToB CBA3bIBaHUSA B
mRNA reHa E2F8, miR-101-27078-5p cBsi3biBaeTCs B ceMu cantax, miR-574-5p nmeet yeTbipe canTa CBAA3bIBaHUSA
B MRNA reHa E2F8.

[MonyyeHHble pesynbTaTbl NokasbiBatoT, UTo MPHK cemeiicTBa reHoB E2F MoryT cBasbiBaTbCcs ¢ MiRNA B
pa3HoW cTeneHun. Hanbonbluee KOMYECTBO CaiTOB CBA3bIBaHWSA NoKasaHo afs reHoB E2F1, E2F2, E2F3. CaiiTbl
cBssbiBaHUss B MRNA opTonornyHbix reHoB E2F1-E2F8 koanpytoT onvronenTuibl, KOTOPble ABMAAKOTCHA KOHCEpBa-
TUBHbIMW y pasHbIX BUAOB. Ha 0CHOBaHWUW NOy4YeHHbIX AaHHbIX onpegeneHbl accounaumm miRNA-mRNA, nosso-
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FEATURES OF MIRNA BINDING WITH MRNA OF E2F FAMILY GENES
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Search of binding sites of 6266 miRNA with mRNA of genes of E2F transcription factors family was implemented.
miRNA binding sites are located in 5UTRs, CDSs and 3'UTRs. mRNAs of orthologous E2F1-E2F8 genes contain
miRNA binding sites in many animal species, that is an evidence of early regulation of these genes expression by
mMiRNA.

Key words: miRNA, mRNA, E2F genes, orthologous gene, oncogenesis.

Proteins of the E2F family regulate the expression of the cell cycle genes, checkpoints, apoptosis proteins and are
involved in oncogenesis. A wide range of E2F family participation in oncogenesis determines the necessity to explore
features of miRNA binding with mRNAs of E2F family genes. The nucleotide sequences of mRNAs of human genes
and orthologous genes were downloaded from NCBI GenBank (http://www.ncbi.nlm.nih.gov). Nucleotide sequences
of human 2565 miRNAs were downloaded from the miRBase database (http://mirbase.org). 3701 miRNAs nucleotide
sequences were taken from the publication [1] and were listed with our notation. miRNAs binding sites were predicted
using the MirTarget program [2].

22 miRNAs bind with mRNAs of E2F1 gene. Ten miRNAs of them bind in the 5'UTRs, eight miRNAs - in the CDSs
and four miRNAs in the 3'UTRs. The presence of binding sites for miR-20-23817 in the CDSs of mRNAs of orthologs of
E2F1 genes have been established. The nucleotide sequences of miR-20-23817-3p binding sites encodes PAAPAAGP
octapeptide which conserved in 17 mammalian species. E2F2 gene has binding sites only for eight miRNAs. Binding
sites are located in 3'UTRs and CDSs. TPHGPEG heptapeptide, encoded by miR-760-3p binding site, conservative in
18 mammalian species. mRNAs of E2F3 gene have binding sites for 30 miRNAs. miR-7-19239-3p binds in the 5'UTR,
miR-1-2558-3p and miR-5-16871-5p bind in the 3'UTR and other miRNAs bind in the CDS of mRNA. mRNAs of E2F3
gene have multiple binding sites for 15 miRNAs in the CDS. Binding site of miR-19-42593-3p encode AAVVAAAAAA
oligopeptide, which is highly conserved in the protein E2F3 of 12 species of mammals. E2F4 gene contains binding
sites for six mMiRNAs in the 5'UTR, CDS and 3'UTR. miR-1322 has multiple binding sites in mRNA of E2F4 orthologous
gene encoded SSSSSSSSSSSSSNSNSSSSS polypeptide with varying length depending on the mammalian species.
mMRNA of E2F5 gene has binding sites for eight miRNAs, located in the CDS. LLQEAKD heptapeptide, encoded by miR-
6791-3p binding site, conservative in 19 mammalian species. miR-18-39953-5p binding site in MRNAs of E2F5 gene
encoded the conservative octapeptide GGAGGGSS. mRNA of E2F6 gene has binding sites in 5UTR and 3'UTR. Binding
sites of miR-19-43065-3p are completely homologous in Homo sapiens (Has), Pan troglodytes (Ptr), Nomascus
leucogenys (Nle), Pan paniscus (Ppa) and there is only one nucleotide replacement in other species. The binding site
of miR-14-34881-3p is completely homologous in Hsa, Rhinopithecus roxellana (Rro), Chlorocebus sabaeus (Csa),
Pan mRNA of E2F7 gene and remaining species have only one substitution of nucleotides. Three miRNA, binding to
mRNA of E2F8 gene have multiple binding sites located in the 3'UTR. miR-3-5147-5p has nine binding sites in mMRNA
of E2F8 gene, miR-101-27078-5p binds in seven sites, miR-574-5p has four binding sites in mMRNA of E2F8 gene.

The obtained results indicate that mMRNAs of E2F family genes can bind to miRNAs in different degrees. The
largest number of miRNA binding sites was shown for mRNA of E2F1, E2F2, E2F3 genes. Binding sites in mRNA
of orthologous genes of E2F1-E2F8 encode oligopeptides which are conserved in different species. Based on the
obtained data, miRNA-mRNA associations have been identified, that allows them to be used as diagnostic markers
for cancer of different localization.
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MPOrPAMMHbIA KOMNJEKC 411 MOHUTOPUHIA 3MOLIMIA YEJIOBEKA

Cupopos K.B., dunatoea H.H.

GepnepanbHoe rocyapcTBeHHOE 6HOXKETHOE 06pa30BaTeIbHOE YYPEXAEHME BbICLIErO 06pa30BaHNs « TBEPCKOM
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PaccmoTtpeH I'IpOFpaMMHbIVI KOMMNNeEKC, I'Ipe,El,Ha3HaquHbII‘/‘1 ANnAa MOHUTOPUHIa aMounin YyenoBeka nocpeacTtsomMm
aHasIn3a NaTTepHOB 93Irum O6p63LI,OB peyeBbiX CUTHANOB, 3aperncTpupoBaHHbIX Npn NOMOLWNM Pa3HOTUMHbIX UH-
CTPYMEHTalbHbIX 6I/IOC€HCODOB.

KnioueBble cnoBa: 9MOLUsA, SMOLIMOHAIbHOE COCTOSIHNE, MOHUTOPUHT aMoLmiA, D3I, peyeBble CUrHasbl, aTTpakK-
TOp, NPOrpaMMHbIit KOMMJIEKC.

B HacTosilee BpeMsa 3apyb6exxHbiMU M poccuickumu komnanusamu (Microsoft, Apple, NeuroSky, Sony,
Macrotellect Technology, Emotive Systems, Sound Intelligence, LieHTp peueBbix TexHonoruin, Megukom MT/, Heir-
pocodT, HeiipomaTuke, PycBEUTex), a Takxe HayuyHo-UccnefoBaTeNbCKUMU U 06pa3oBaTesibHbIMU YUpEeXAeHu-
amu (Massachusetts Institute of Technology, Queen Mary University of London, Tatung University, University of
Toronto, RMIT University, University of Twente, O®Y, Bonr'TY, TNY, TBI'TY, MI'TY um. H.3. baymana, UBH, U HO
PAH, UMY PAH) BefeTca paspaboTka U BHeApeHWEe NpOrpaMMHO-UHCTPYMEHTasIbHbIX KOMTMIEKCOB U UHpOpMa-
LIMOHHO-N3MepPUTENbHbIX CUCTEM, NMPpefHasHavYeHHbIX AJ151 KOHTPOSIS U MOHUTOPUHIa aMOLMI YenoBeka nocpes-
CTBOM MHTeprpeTauuu 6MOMeANLMHCKUX CUrHANoB (peyYeBbiX CUrHaNoB; BUAeodhparMeHTOB MUMUKM, MO3 U/UK
»ecToB; I3, IMI, 3K, 30I, KIP u ap.) [1].

B pa6oTe npuBeAeHo onncaHune nporpaMmHoro komnnekca «EEG/S», npegHasHa4yeHHOro A MOHUTOPUHIa
9MOLIMOHaNbHOIo COCTOAHNA YenoBeka. Npu pa3paboTke M HAaCTPOWKe KOMMJeKca 3afeiCTBOBaHbl MaTteMaTy-
Yyeckue annapaTtbl HEYETKUX MHOXECTB U HelIMHEWHOW AUHAMUKMW.

McnonbsoBaHue koMnnekca «EEG/S» no3Bonuio cospatb MynbTuMoganbHyto 6asy amoumin (MDB) ¢ gocTo-
BepHbIMU 06pa3LiamMmu ABYX TUMOB 6MOMeAULMHCKUX curHanoB (3 M peyeBbIX CUrHANOB), 3aperncTpMpoBaH-
HbIX C MPUMEHEHMEM ay[MOBU3YasilbHON N OBOHATENbHON CTUMYNSALMKU. BbiGOpKM 06pasLoB peyun n naTTepHoB
93l n3 6a3bl MDB npuMeHeHbl Npu co3gaHny 6asbl NPOAYKLUMOHHbIX NpaBui U pa3paboTke MaTeMaTU4eCcKom
MoAenun Ans UHTepnpeTauMn YPOBHS U BaNeHTHOCTM 3MOLMOHAsbHbIX COCTOSIHWIA YenoBeka. Npu nocTpoeHum
6a3bl MPOAYKLMOHHbIX MPaBuUA UCMONb30Banack rmépuaHas HeipoceTeBast MOofe b, KOTOpasi peann3oBaHa B na-
kete MATLAB v Ha a3bike C# 3.0 gnsi cpefbl ucnonHenus .NET Framework 3.5 v Bbiwe. Co3faHHasn HelpoceTeBast
MOfiefib MHTErpupyeT cTpaTerum MexaHu3ma He4YeTKoro BbiBofa U HEMPOMOAO6HON nepapXxmuyeckon CTPYKTYpbI,
a TaKXXe AeMOHCTPUPYET CBSI3U MO NPpU3HaKam PEKOHCTPYUPOBaHHbIX aTTPAKTOPOB [2] B NofyYeHHbIX onMcaHusx
06BEKTOB, XapaKTepu3yHoLLMX pasfiMyHble Kflaccbl aMoLuii. PaspaboTaHHbI Ha OCHOBE NMOAOGHON CTPYKTYpbI
WHTepnpeTaTop aMoLUui, 6yAeT OTHOCUTLCS K TUMY CUCTEM, OByYaeMbIX C yuuTenem. 3To NO3BONAET paboTaTb C
06beKTamu, KOTopble 3aJatTCsl AMCKPETHBIMU NPU3HaKaMu U B JasibHENLLEM NOceoBaTe/IbHO NepeBOAATCS B
JINHFBUCTUYECKYIO LLKay.

TecTupoBaHue NpPorpaMMHOro KoMraekca npoBefeHo Ha 6ase TBEPCKOro rocyfapcTBEHHOr0 TEXHUYECKO-
ro yHuBepcuTeTa. B kayecTBe MCMbITyeMbIX BbICTYNWUAN CTYAEHTbI, aCNUpaHTbl, MpenofaBaTeniv U HayuYHble COo-
TPYAHMKM, UMEIOLLMe BO3pacCTHble U reHAepHble 0TInuumsA. 1o pesynbTaTtam uccnefoBaHuii NoslyyYeHbl 3HaYEHUS
C BbICOKOW [OCTOBEPHOCTbIO M TOYHOCTbIO aBTOMAaTMYECKON MHTeprpeTaLmmn ypoBHSA U BaNeHTHOCTU SMOLMN
UCMbITYeMbIX (PacxoXAeHue Mexay UHTeprpeTalmeii no natrepHam 930 1 o6pasLam peun ajs Kaxgoro Yeso-
BeKa He npeBblWwaeT 5 %).

WccneposaHmne BbiMonHeHo npu dmHaHCoBON noaaepxxke GoHpa COAeNcTBUA MHHOBALMAM B paMKax Hayuy-
Horo npoekTa «Pa3paboTka NPOrpaMMHOro KoMmnaekca Aji MOHUTOPUHIa 3MOLMOHANbHOI0 COCTOSIHUS YenoBe-
Ka Mo peyeBbIM CUrHanam u anekTpoaHuedanorpammam» no gorosopy N2 10962IY/2016 ot 10.02.2017 r.
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