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Momueayua u yenv. VcciaemoBaHne MONEKYISPHBIX MEXaHH3MOB KOMIUIEKCHBIX
3a00NIeBaHUil SBISETCS BAXKHOW 3ajadell OMOMEIWIMHBI, TpeOyromeld WHTerparun
JIAHHBIX, Pa3BUTHUS HOBBIX OMOMH(OPMAIIMOHHBIX HHCTPpYMeHTOB [1]. MukpoPHK — 3to
kinacc Hekoaupymoomux Mosekyn PHK, xotopele perymupyioT TpaHCIALMIO U
nerpaganuto ceoux MPHK-mumieneil mocpencTBOM B3aUMOAEHUCTBHS, UYTO JAENAET
u3ydyeHne ux QyHKOWHA mpu 3a00JeBaHUAX HEOOXOAWMBIM ISl BBIACHEHHS WX
naToreHeTH4ecKux Mexanm3moB [2]. MuPHK wurpaioor BakHyr poiib B peryssiuu
3Kcnpeccuu reHoB. [1osBIsAI0TCA Bce HOBbIE IUTEPATYpHbIC JaHHbIe 0 poid MUKpoPHK
B IIPOIPECCUU OITyXOJIeH, Pa3BUTHH MEHTAJIbHBIX PACCTPOMCTB, 3a00JIEBaHUSAX IICUCHH,
XpOHHYECKUX 3a00neBaHusx [1].

[IpeacraBnen Hay4yHbI MPOEKT UccieqoBaHUs reHoB-MulIeHed MUKpoPHK B pamkax
[udposoii kapeapsr CeuenoBckoro YHusepcutera B 2023/2024 yuebHom roay [3].
OcBoeHME HCTIONIb30BAaHUS CYIIECTBYIOIINX OHJIAMH-TIPOrpaMM Jisi KOMITBIOTEPHOTO
novcka reHoB-munieHeit MUKpoPHK B reHoMe 1 pazpaboTka cOOCTBEHHBIX MPOTPaMM
JUISI IpEZICKa3aHms y4acTKoB cBs3biBaHusl MUKpOPHK B renax.

Penraemast mpo0Giiema B paMKax MpeACTaBICHHOTO MPOeKTa — 00y4eHHe 1Mo mpodiieMam
WCTIONIb30BaHMs MHCTPYMEHTOB OmonH(opMaTtuku sl aHanuza crpyktypel PHK u
mukpoPHK, mexanusmam cBsizpiBanusg PHK ¢ TpaHckpuntamMu reHOB YeIoBeKa.
Memoowr u aneopummur. CoOpaHbl HMEIOIIMECS MPOTPAMMHBIE MHCTPYMEHTHI 110
noucky reHoB-muiieHed MuUkpoPHK, moaroroenen koHBeiep 00paOOTKH JTaHHBIX.
Hcnonp3oBanuck 0630psl (Crrcok nporpamm u 6a3 —
https://www.tamirna.com/micrornas-web-based-tools/), 6a3sr  mammeix  MIRDB
(https://mirdb.org/), TargetScan (https://www.targetscan.org/vert_80/), MiRTarBase
(https://mirtarbase.cuhk.edu.cn/~miRTarBase/miRTarBase_2022/php/index.php).
MukpoPHK — ato PHK, cocrosmas u3 ~22 HykiieoTH0B, 00pabOTaHHBIX U3 IIITHAJIEY-
Heix cTpykryp PHK. muxpoPHK cnumkom KopoTkue, 4TO CO3/laeT TEXHMYECKUE
TPYAHOCTH WX momcka. OmpenerneHne TeHOB MHIIEHEH MO0 YaCTUYHON KOMIUIEMEH-
TapHOCTHU TAKXKe OCIIOKHSCTCS BO3MOKHOCTBIO HECOBITA/ICHHSI HYKJICOTHIOB [4].
CocraBienne cnuckoB reHoB W MukpoPHK, cBs3aHHBIX C 3a0ojeBaHUSIMH,
BBIMTOJTHSUIOCH Ha OCHOBE 3ampocoB K 6asam manasix OMIM (Online Mendelian
Inheritance in Man), GeneCards, MalaCards. Ananu3 reHHbIX OHTOJIOTHI [UIsl CIIMCKA
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reHoB ObuT BhIONIHEH ¢ noMolnbio pecypca PANTHER (Protein ANalysis THrough
Evolutionary Relationships) (http://pantherdb.org/) u DAVID. [lns pekoHCTpyKUuH
ceTH ucnonb3oBanuch UHCTpyMeHThl STRING-DB, npunoxenus: Cytoscape. C momo-
LIbI0 OHJIAH-UHCTPYMEHTOB OMOMH(OPMATHKH OBLJI MPOAHAINU3UPOBAH aKTyaJbHbIN
MacCHB JIaHHBIX.

Peszynomamer: TargetScan mpenckaspiBaeT Ononornyeckre mumern MukpoPHK myrem
MOWICKa KOHCEPBAaTHUBHBIX 8-, 7- W 6-MEPHBIX CAaWTOB, KOTOPHIE COOTBETCTBYIOT Ha-
JaneHOUM oOnactu kaxaod MukpoPHK. B kadecTBe BapHaHTOB TakKe IMPeJIararoTCs
npeacKa3anus TOIBKO cO cTabOKOHCEPBAaTHBHBIMU CaliTaMHM U MTPECKa3aHusI C Hecoxpa-
mseMbeiMu MEKpoPHK [5]. Taxoke ummeHTHOUIMPOBAHEI CAMTHI ¢ HECOOTBETCTBUAMH B
HaydanbHOHW 0071aCTH, KOTOpble KOMIICHCHUPYIOTCS KOHCEPBATUBHBIM 3'-CIIapHBaHUEM.
VY MJIEKONUTAIOIMX  [POTHO3BI  PAaH)KHUPYIOTCA HA  OCHOBE IPOTHO3MPYEMOM
3 (PEeKTUBHOCTH HAINETUBAHUS, PACCUUTAHHOM C HWCIIONIH30BAHHEM OHOXMMHYCCKOM
MOJCIH pernpeccuu, omnocpenoBanHoii MHKpoPHK. BrisBmensr oOmume dYepTsl,
cBA3aHHbIe co cBsA3bIBaHMEeM MUKpOPHK u cHIKeHneM peryssiuu MULIeHel, KOTopble
OBUTM WCIIOJIB30BaHbI JIJIS MPOTrHO3UpOBaHMs MuiieHerd mais MukpoPHK ¢ momornkio
METOAOB MALLIMHHOTO O0Yy4EHHS.

Jis moucka reHOB-MHUIICHEH Tepamuu HeoOXOJMMa PEKOHCTPYKIWS T'C€HHOW CeTH —
KOMILJIEKCa B3aUMOJCUCTBYIONIMX MakpoMosekyl, Bkmodas MUPHK, ¢yHkimnonansHo
CBS3aHHBIX C 3a0oieBaHueM. JlampHEHIINK aHaNW3 MPEAToiaraeT KIacTePH3AIHIO
TCHOB B CETH, BBISIBJICHHME KIIOYEBBIX TI'€HOB, OO0JAJAOMIMX HAWOONBLIMM YHCIOM
KOHTaKTOB B CETH, HaX0)K/IEHHE KaTeropuil FTeHHBIX OHTOJIOTHH.

IIpencraBneH KOHBEHEep HMCIONB30BaHUSA NPOTPAaMMHBIX HHCTPYMEHTOB IS IOHMCKa
reHoB-mueHed MukpoPHK s Menuuunel. Bo3aMoxHO nanbHeiiiee UCOIb30BaHUE
TaKUX MPOTrpaMM B KauecTBe YUeOHBIX PECYpPCOB 0 OMOMH(POPMATHKE IS METUKOB.
PaboTbl ObUTM TIpeAcTaBICHBl Ha CcTyJeH4Yeckod KoHpepeHn B CeYyeHOBCKOM
YHuBepcuTeTe, MOArOTOBIEHBI CTYAEHUYECKUE TUIIIOMBI 10 TeMe ananu3a MUKpoPHK ¢
MOMOIIBIO OHJIAHH-UHCTPYMEHTOB OHOMH(DOPMATHKH.

Buisoowi: [lpencraBnena MeToiuka OMOMH(POPMAIIMOHHOTO HccieaoBanus. Vcnomnb3o-
BaHne MUKpOPHK kak peryiaTopHbIX MakpOMOJEKYJ MPEJCTABISAET NEPCHEKTUBHYIO
Hay4YHYI0 TeMy B OHMOTEXHOJOTMHM M MEAMLHMHE. AHAIM3 NpEeICKa3aHHbIX T'€HOB-
MUIIIEHEN TTO3BOJIUT HANTH HOBBIE TapreThl (MUILIEHH) s Tepanuu. OnpeaeneHbl TeHbl
mutiean MUKpoPHK, w3BeCTHBIX W3 HAay4HOU IMTEpaTypshl, U psaa 3a0oiieBaHUiL.
[IpakTuueckoe ucnonp3zoBanue HaiaeHHbIX MUKpOPHK kak MapkepoB 1j1s1 AMarHocTu-
KH 3a00JIeBaHWH, B MPAKTHYECKUX MPOEKTaX MO BBICOKOTEXHOJIOTHMUYECKONH MEIUIMHE
ocTaeTcs CIIOKHOM 3a/1aueit, TpeOyroliel qanbpHenIIeld HHTeTrpaluy pecypcosB.
bnacooaprnocmu:. WccnenoBanue mnojuepxano mpoektom Ludposas kadexnpa
CedeHOBCKOro Y HUBEPCUTETA.
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Motivation and Aim: The study of the molecular mechanisms of complex diseases is an
important task of biomedicine, requiring data integration and the development of new
bioinformatic tools [1]. microRNAs are a class of non-coding RNA molecules that
regulate the translation and degradation of their MRNA targets through interaction,
which makes the study of their functions in diseases necessary to elucidate their
pathogenetic mechanisms [2]. miIRNAs play an important role in regulating gene
expression. New literature data are emerging on the role of microRNAs in tumor
progression, the development of mental disorders, liver diseases, and chronic
diseases [1].

A scientific project for the study of microRNA target genes within the Digital
Department of Sechenov University in the 2023-2024 academic year is presented [3].
Mastering the use of existing online programs for computer search of microRNA target
genes in the genome, and developing proprietary programs for predicting microRNA
binding sites in genes.

The problem being solved within the framework of the presented project is training on
the problems of using bioinformatics tools to analyze the structure of RNA and
microRNA, the mechanisms of binding RNA to human gene transcripts.

Methods and Algorithms: The available software tools for searching for microRNA
target genes have been collected, and a data processing pipeline has been prepared.
Reviews were used (List of programs and databases —
https://www.tamirna.com/micrornas-web-based-tools/), MIRDB databases
(https://mirdb.org/), TargetScan (https://www.targetscan.org/vert_80/), MiRTarBase
(https://mirtarbase.cuhk.edu.cn /~miRTarBase/miRTarBase_2022/php/index.php),
microRNA is an RNA consisting of ~22 nucleotides processed from the hairpin
structures of RNA. microRNAs are too short, which creates technical difficulties in
finding them. The determination of target genes by partial complementarity is also
complicated by the possibility of nucleotide mismatch [4].

Lists of genes and microRNAs associated with diseases were compiled based on queries
to the OMIM (Online Mendelian Inheritance in Man), GeneCards, and MalaCards
databases. The analysis of gene ontologies for the list of genes was performed using the
PANTHER (Protein ANalysis THrough Evolutionary Relationships) resource
(http://pantherdb.org/) and DAVID. STRING-DB tools and Cytoscape applications were
used to reconstruct the network. An up-to-date data set was analyzed using online
bioinformatics tools.

Results: We compared work of the tools for miRNA prediction. TargetScan predicts
biological microRNA targets by searching for conserved 8-, 7-, and 6-dimensional sites
that correspond to the initial region of each microRNA. Predictions with only weakly
conservative sites and predictions with unsaved microRNAs are also offered as options
[5]. Sites with inconsistencies in the initial region have also been identified, which are
compensated by conservative 3'-pairing. In mammals, forecasts are ranked based on the
predicted targeting efficiency calculated using a biochemical model of microRNA-
mediated repression, common features associated with microRNA binding and
decreased regulation of targets were identified, which were used to predict targets for
microRNAS using machine learning methods.
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To search for target genes for therapy, it is necessary to reconstruct the gene network —
a complex of interacting macromolecules, including miRNAs, functionally related to the
disease. Further analysis involves clustering genes in the network, identifying key genes
with the largest number of contacts in the network, and finding categories of gene
ontologies.

A pipeline of using software tools to search for microRNA target genes for medicine is
presented. It is possible to further use such programs as educational resources on
bioinformatics for physicians.

The works were presented at a student conference at Sechenov University, and student
diplomas were prepared on the topic of microRNA analysis using online bioinformatics
tools.

Conclusion: The technique of bioinformatics research is presented. The use of
microRNAs as regulatory macromolecules is a promising scientific topic in
biotechnology and medicine. The analysis of predicted target genes will allow us to find
new targets for therapy. microRNA target genes known from scientific literature have
been identified for a number of diseases. The practical use of the found microRNAs as
markers for the diagnosis of diseases in practical projects on high-tech medicine remains
a difficult task requiring further integration of resources.

Acknowledgements: The study was supported by the Digital Chair project of Sechenov
University.
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