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Momusayus u yens: ViccnenoBaHue TeHHBIX CETeW KOMIUIEKCHBIX 3a00NI€BaHUM SIBIIS-
€TCsl BAXKHOM 3a/1aucii OMOMETUITMHBI, TPEOYIOIICH UHTErpalliK JaHHBIX. BypHBIi pocT
JAaHHBIX TEXHOJIOTHI CeKBEHHUPOBaHUs cieayromniero mokoiaenus (NGS, next generation
sequencing) TpeOyeT pa3pabOTKH HOBBIX METO/OB aHAIN34, POIIECCUHTA U MIPEeIBaAPH-
TENBbHOW 00pabOTKH JaHHBIX CEKBEHUPOBAHUS C UCIIOJIL30BAHUEM MaTEeMaTHUECKUX H
CTaTUCTHYECKUX METOJIOB, BKIIIOYAs peallM3allfio POrpamMM sl KIIMHUK, JJIsl BpadeH,
¢ ynooubsM nHTepheticom. HecMoTps Ha cymiecTBYOIN ITUPOKHI HAOOP KOMIBIOTEP-
HBIX TIPOTPAMM B MHUpE, JUIS PEIICHUS] KOHKPETHBIX 3a/1a4 aHAIN3a KIMHHYECKUX JaH-
HBIX B Poccnn HeoOxoauma UX ajanTanusi, B TOM 4YKCie co3Janne OMonH(opMaInon-
HBIX METOJIUK, YUCOHBIX TIOCOOMH U 00YYAIOLIMX 3JIEMEHTOB JJIsl CTYICHTOB, HHTCPHOB
Y OpJMHATOPOB MEAUIMHCKUX yupexaeHud [ 1, 2]. OrpaboTka METOINKN PEKOHCTPYK-
[IUM TEHHBIX CETeH BaskHA KaK JJIsl IOMCKA TeHOB-MUILICHE! [T Teparnuy, Tak U JJIs pas-
BUTHUS OMOMH(OPMAIIMOHHBIX METOJIOB, TIOMCKA HOBBIX YUEOHBIX PEIICHHMIA JJ1s1 00pa30-
BaHusl. [IpefcTaBieH HAYYHBIH MPOEKT MCCIETOBAHUS KOMILICKCHBIX 3a00JIeBaHUM, B
KOTOPBIX CJIOXHO BBIICIUTh TCHETUUECKUE KOMITOHEHTBI, BKITIOYAs B TOM YHCJIEC MEH-
TaJNbHBIE PACCTPONCTBA, MM30ppeHuto, bone3nb [lapkuncona [3]. [IpakTuueckue nenu
MPOEKTa — pa3paboTKa CHEIUATU3UPOBAHHBIX KOMITBIOTEPHBIX MPOTPAMMHBIX MOJTYJICH
JUISE PEKOHCTPYKIIMK U aHAJH3a NeHHBIX CeTel KOMIUICKCHBIX 3a00JIeBaHUM, KOTOPhIC
MOTYT OBITh HCIIOJIB30BaHBI IS 33]]a4 IUPPOBOTO 0Opa30BaHMUS U TIOBBIIICHUS KBaJIH-
(uKaIyy, MOJrOTOBKH CTYJICHTOB OMOMEIUIIMHCKUX U OMOMHKEHEPHBIX CHEIHAIBHO-
cTe.

Memoowr u aneopummer: CoOpaHbl UMEIOLTHECS MTPOrpaMMHBIE HHCTPYMEHTHI, ITOATO-
TOBJICH KOHBelep 00pabOTKH IaHHBIX IO CO3/[aHUI0 CIIMCKOB TeHOB. COCTaBIICHUE CITHC-
KOB I'€HOB BBITIOJIHSJIOCH Ha OCHOBE 3ampocoB k 06azam manusix OMIM (Online Mende-
lian Inheritance in Man), GeneCards, MalaCards. Crircok yTOUYHSIICS C HCIOJIb30Ba-
HUEM JaHHBIX O Au((depeHIManbHON KCIPECCHH TEHOB, BKIIOYAs HEKOJUPYIOUIHE
PHK (u3 6a3s1 marubix TCGA), u myOnukarnuii. Mcrmonb3oBanachk 6a3a JaHHBIX TEHOMOB
paka GDC Data Portal. Pacyet reHHbIX OHTOJIOTHIA IPOU3BOIHIICS C TOMOIIBIO OTKPbI-
TBIX pecypcoB [uist obuonHdpopmannonroro ananuza: PANTHER (http://pantherdb.org/)
u DAVID (https://davidbioinformatics.nih.gov/), 1is Bu3yanu3aryii reHHBIX OHTOJIOTHI
ucnonw3oBasica pecypc g:GOSt (http://biit.cs.ut.ee/gprofiler/gost). AHanU3 KIOYEBBIX
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T'eHOB ITPOBOJIMIICS C MTOMOIIBIO 0a3bl JaHHbIX GeneCards.org u karaiora COMaTHYeCKUX
mytanuit ipu pake COSMIC (https://cancer.sanger.ac.uk/cosmic/).

KommbroTepHOE HCCIIeI0BaHNE JJAHHBIX CCKBCHUPOBAHHS BBITIONHSCTCS HA OCHOBE WH-
Terpanuu JOCTYMHBIX JaHHbIX cekBeHnpoBaHus (RNA-seq u ChIP-seq uz GEO NCBI)
1 KoMITbIoTepHBIX pecypcoB: ArrayExpress, TCGA, ENCODE (ENCyclopedia Of DNA
Elements), UCSC Genome Browser, a Tak)ke pOCCHHCKHX KOMIBIOTEPHBIX PECypCOB
TRRD, GeneNet, NPRD, SitEx u xommiexcoB I[CGenomics, ANDSystem. Ucmons3o-
BaHHE JaHHBIX CEKBEHUpOBaHus, npeacraBieHHsX B GEO NCBI, BBINONHAIOCH € MO-
Mmoinkto pecypca GEO Dataset Browser.

Pesynemamei: B xauecTBe OCHOBHBIX HNPHUMEPOB NPHUIOKEHUM PaCCMOTPEHBI 3aAadd
aHasu3a OIMyXoJiei Mo3ra — JJIsl TIIMOMbI, MEeHHHTHOMBI, C UCCIIEIOBAHUEM OCIIOKHEHHH
U COIMYTCTBYIOIINX 3a00JICBaHNH, CBSI3aHHBIX C HH(EKIMSIMHU, B TOM YHCIIE MO JaHHBIM
nocje TaHJACMUU KOPOHABUPYCHOW HMH(MEKIINU, KOTOphIE HAKOIUICHBI 3a IMOCICIHHUC
rojipl. B kauecTBe MOMOTHUTENLHBIX HAYYHBIX TIPUIIOKEHUH C NCTIOIb30BAaHUEM TOH Ke
METOJIUKU PEKOHCTPYKIMH (DYHKITMOHATIBHBIX CETCH I'€HOB, OCJIKOB U METa0OJIMTOR BbI-
MOJTHEHA KOMITBIOTEpHAs PEKOHCTPYKIMS TeHHBIX CeTeH A psifia KOMIUIEKCHBIX 3a00-
JIEBAHUI: OHKOJIOTHYECKHUX 3a00JIeBaHNH — TTIMOMBI, paka MOJIOUHOU JKeJIe3bl, KOIOPEK-
TANBHOTO Paka, U psija MEHTAIBHBIX PACCTPONCTB, TAKUX Kak Oosie3Hb [lapkuHCOHA H
MEHTAJIbHBIX paccTpoicT [4]. [Ipu s3ToM oTpaboTaHa METOIMKA aHAIM3a CETH, OIICHKH
€e CTPYKTYpbI, yCTOWYMBOCTH K BO3JEHCTBHIO JICKAPCTBEHHBIX COCAMHCHHUN HA TCHBI-
MUIIEHH, OyIyT BBITOJIHEHBI CTATHCTUYCCKUE OIICHKH CTPYKTYPbl T'CHHBIX CETCH,
OIIEHKH pacrpezeseHus yucia cBsa3el, yuactus Hekoaupyromux PHK [5].
IpencraBieH oHJIAWH-pecypc AJIsl MHTETPAlMU JTaHHBIX MO ACCOIMMPOBAHHBIM FeHAM
KOMILJICKCHBIX 3a00JICBaHHH.

Buigoowi: TlpencraBneHa wmeronuka OHOMH()OPMAIIMOHHOTO WCCIEJOBAaHUS TEHOB
ruoMbl. CoOpaH CIMCOK KITFOUEBBIX TEHOB 3a00JICBaHUS, pACCUMTaHbl KATETOPUH T'eH-
HBIX OHTOJIOTHH, TOCTPOEHA CETh OENOK-0ETKOBBIX B3aUMOICHCTBUH, BBIICICHBI HAN0O-
Jiee KpYIHbIE KJIacTephl TeHOB. PaccMOTpeHBI CTPYKTYphI OEJIKOB U MOTEHIHAT OEIoK-
OEJIKOBBIX B3aUMOACHCTBHH JJIs Y3IOBBIX TCHOB PACCMOTPEHHBIX T€HHBIX CETEH, TAKHX
kak TP53, PTEN.

Qunancuposanue’ Vccnenosanue noanaepxkano PH® (rpant 24-24-00563, «Pa3pabotka
IUQPPOBBIX 00Pa30BATENBHBIX IPOrPAMM B OMOMEIHIITHEY).
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Motivation and Aim: The study of gene networks of complex diseases is an important
biomedical task that requires data integration. The rapid growth of these next generation
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sequencing technologies (NGS) requires the development of new methods for analyzing,
processing and preprocessing sequencing data using mathematical and statistical meth-
ods, including the implementation of programs for clinics, for doctors, with a user-
friendly interface. Despite the existing wide range of computer programs in the world,
in order to solve specific tasks of analyzing clinical data in Russia, their adaptation is
necessary, including the creation of bioinformatic technigues, textbooks and training el-
ements for students, interns and residents of medical institutions [1, 2]. The development
of methods for the reconstruction of gene networks is important both for the search for
target genes for therapy, and the development of bioinformatic methods, the search for
new educational solutions for the education of students based on available online bioin-
formatics tools. A scientific project for the study of complex diseases in which it is dif-
ficult to identify genetic components, including mental disorders, schizophrenia, and
Parkinson's disease, is presented [3]. The practical goals of the project are the develop-
ment of specialized computer software modules for the reconstruction and analysis of
gene networks of complex diseases, which can be used for digital education and ad-
vanced training, training students of biomedical and bioengineering specialties, digital
transformation of education.

Methods and Algorithms: The available software tools have been collected, a data pro-
cessing pipeline for creating gene lists has been prepared. The list of genes was compiled
based on current queries to the OMIM (Online Mendelian Inheritance in Man), Gene-
Cards, and MalaCards databases. The list was refined using data on the differential ex-
pression of genes, including non-coding RNAs (from the TCGA database), and publica-
tions. The GDC Cancer genome database Data Portal was used. The calculation of gene
ontologies was performed using open resources for bioinformatic analysis: PANTHER
(http://pantherdb.org/) and DAVID (https://davidbioinformatics.nih.gov/), the g:GOSt
resource was used to visualize gene ontologies (http://biit.cs.ut.ee/gprofiler/gost). The
analysis of key genes was carried out using a database GeneCards.org and the catalog of
somatic mutations in cancer COSMIC (https://cancer.sanger.ac.uk/cosmic/).

The computer study of sequencing data is performed based on the integration of availa-
ble sequencing data (RNA-seq and ChlP-seq from GEO NCBI) and computer resources:
ArrayExpress, TCGA, ENCODE (ENCyclopedia Of DNA Elements), UCSC Genome
Browser, as well as Russian computer resources TRRD, GeneNet, NPRD, SitEx and
ICGenomics, ANDSystem complexes. The sequencing data presented in GEO NCBI
was used using the GEO Dataset Browser resource.

Results: As the main examples of applications, the tasks of analyzing brain tumors are
considered — for glioma, meningioma, with the study of complications and concomitant
diseases associated with infections, including according to data after the coronavirus
pandemic, which have accumulated in recent years. As additional scientific applications,
using the same technique of reconstruction of functional networks of genes, proteins and
metabolites, computer reconstruction of gene networks for a number of complex dis-
eases — oncological diseases — glioma, breast cancer, colorectal cancer, and a number of
mental disorders such as Parkinson's disease and metal disorders was performed [4].

At the same time, a methodology for analyzing the network, evaluating its structure,
resistance to the effects of medicinal compounds on target genes has been developed,
statistical estimates of the structure of gene networks, estimates of the distribution of the
number of connections, and the participation of non-coding RNAs will be performed [5].
An online resource for integrating data on associated genes of complex diseases is pre-
sented.
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Conclusion: The technique of bioinformatics research of glioma genes is presented.
A list of key genes of the disease has been compiled, categories of gene ontologies have
been calculated, a network of protein-protein interactions has been built, and the largest
clusters of genes have been identified. The structures of proteins and the potential of
protein-protein interactions for the nodal genes of the considered gene networks, such as
TP53, PTEN, are considered.

Funding: The study was supported by the Russian Science Foundation (grant 24-24-
00563).
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