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Momusayus u yenwv: VcclieqoBaHue TeHHBIX CeTell KOMILICKCHBIX 3a00JICBaHUI SBIIS-
eTcsl BXKHOM 3a1aueii OMOMeUIIMHbI, TPEOYIOIel HHTETpallui JaHHBIX.

[IpencraBnen Hay4HBIH TPOEKT UCCIETOBAHMS KOMIUIEKCHBIX 3a00JIEBaHU, B KOTOPBIX
CJIOXHO BBIIETIUTHh T€HETHYECKHE KOMIIOHEHTHI, B TOM YHCIIE MEHTAJIbHBIE PaccTpOi-
cTBa, mu3odpenuto, 6osnesns [lapkuncona [1]. uzodpenus — Tsoxenoe monuMopdHoe
PaccTpoMCTBO MCUXHUKH (FUTH TPYTIA ICUXUIECKIX PACCTPOUCTB), AT KOTOPOTO Xapak-
TEpeH pactaj] MpoIecCOB MBIIUIEHUS W SMOIUOHANBHBIX peakiuil [2, 3]. [lo maHHBIM
Global Health Data Exchange (GHDX) 3a 2019 r., mu3o¢peHueii cTpasaloT NpUMEpPHO
0.32 % desoBek BO BCeM MUpE, CPEelIU B3POCIIBIX 3TOT MoKaszareib cocraisier 0.45 %.
[n3odpenns sBsSETCS TUI0X0 U3YYCHHBIM 3a00JIeBaHUEM ¢ MHOTOOOpa3HeM CHMIITO-
MOB, XapaKTE€PHBIX Il UHBIX NMATOJIOTMYECKUX COCTOSIHUM, U CIIOXKHOW NMarHOCTUKOMN
0€3 0JIHO3HAYHOTO JICUCHUS. AKTUBHBIA MCCIICIOBATSILCKUI UHTEPEC K TAHHOW MMaTo-
Joruu 00yCIIOBIIEH €€ HEYKIIOHHBIM POCTOM: PaclpoCcTpaHeHHe 3a00IeBaHUs BRIPOCIIO
1oYTH B JBa pasa, ¢ 13.1 muwummona (1990 r.) mo 20.9 muumonos (2016 r.) [4]. s
MOWCKa FeHOB-MHUIICHEH Tepanuy HeoOX0AMMa PEKOHCTPYKIIUS TeHHOU ceTH mu3odpe-
HUU — KOMITJIEKCA B3aNMOCHCTBYIOIINX MaKPOMOJIEKYI, ()yHKIIHOHAIBHO CBSI3aHHBIX C
3a0oneBanueM. [lanpHeNMi aHAN3 TIpeIoaraeT KiacTepH3alliio I'eHOB B CETH, BbI-
SBJICHHE KIIFOYEBHIX T'€HOB, 00JaJaroluX HauOOJILIIMM YHCIOM KOHTaKTOB B CETH,
HaXO0XJEHUE KAaTErOpUH F€HHBIX OHTOJIOTUH.

Memoowt u ancopummor: CoOpaHbl UMEIONINECS MTPOrpaMMHBIE HHCTPYMEHTHI, ITO/TO-
TOBJICH KOHBelep 00padOTKH IaHHBIX [0 CO3[aHUI0 CIIUCKOB TeHOB. COoCcTaBIeHUE CIIUC-
KOB TCHOB BBINOJHSJIOCH Ha OCHOBE 3ampocoB K 0Oazam jganHeix OMIM (Online
Mendelian Inheritance in Man), GeneCards, MalaCards. AHaiau3 reHHBIX OHTOJOTHH
JUTsL CITICKa TeHOB OBLT BHIMOJHEH ¢ oMotk pecypca PANTHER (Protein ANalysis
THrough Evolutionary Relationships) (http://pantherdb.org/). [{ist pekoHCTpyKIIMHU CETH
ucnonb3oBamuch HHCTpyMeHTH STRING-DB, GeneMANIA, npunoxenus Cytosacape.
C nomoursio oHnaiiH-uHCTpYyMeHToB ononndopmatukn OMIM, PANTHER u DAVID,
GeneMANIA u STRING-DB, GeneCards Obl1 mpoaHaTU3UPOBAH aKTyalbHbIH MacCHUB
JIAaHHBIX, CBSI3aHHBIX C MNW30(QpeHNel, pACCUNTAHbI KATETOPUHU TEHHBIX OHTOJIOTHIA JUIS
cnucka u3 200 reHoB, BKIIOUYasi OMOJIOTHYECKUE MPOLECChI, MOJIEKYIISIpHbIE PYHKIMH, U
KJIETOYHBIE KOMIIOHEHTBI.
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Pezynomamer: B kauecTBe OCHOBHBIX INPHUMEPOB MPUIIOKEHUM pacCMOTpPEHBI 3aJadu
aHalu3a TeHHBIX CeTeH psla MEHTAIBHBIX PACCTPOWCTB, TAKMX Kak MmM3oQpeHus, 60-
ne3nb [lapkuacona [1]. Ilpm sTomM oTpaboTaHa METOIWKA aHAM3a CETH, OICHKH ¢
CTPYKTYPBI U KiacTepu3anuu [5]. 3Haunmble KaTerOpUu F'eHHBIX OHTOJIOTUH OTPaXkatoT
BIHMAHUE MHU30(PEHUH Ha Mepeaady HeHpOHHBIX UMITYJIECOB, SKCIIPECCHIO TEHOB B TKa-
HAX MO3ra. Busyann3upoBaHbl U IOCTPOEHBI T€HHBIE CETH, COAEPIKAILlUE BhIABICHHBIC
KIIIO4YEBbIe OOBEKTHI U UX B3aWMOCBSA3H, IIO3BOJISIOIINE BBIIBUTH B3aUMOJCHCTBUS I'e-
HOB; BBIJICJICH CUJIBHO CBSI3aHHBIN KiacTep, Bkmouarmommii rensi BDNF, SLC6AA4,
HTR2A, HTR2C, CHRM1, SRC, AKT, YWHAE, DISC1, DRD2, COMT, NDEL1,
NOS1, CAMK28.

[Ipu aHanu3e peKOHCTPYUPOBAHHOM T€HHON CETH MOXHO CAENaTh BBIBOJ, YTO HAHOOIb-
niee konuyecTBo cBszeil umeeT red DISC1. MyTanuu, Bo3HHKaroKe B JaHHOM T'eHe,
CBSI3aHBl KaK C IIM30()peHHeH, Tak M C OPYTUMH IICUXMYECKHMHU paccTpoiicTBamH,
Hanpumep, OUMOJIIPHBIM PACCTPONHCTBOM. Taxke MOXKHO BBIICINTH HECKOJIBKO KJIacTe-
POB, caMblii 00JIbIIION M3 KOoTOphIX BKItoYaeT reHbl BDNF, SLC6A4, HTR2A, HTR2C.
B nenom npesncraBieHHbIe TeHBl YYaCTBYIOT B PEryJISLUHU MEpeJayd CHHANTHUYECKUX
CUTHAJIOB U B Ilepelaue MEXKJICTOYHBIX CUTHAJIOB IIPH IIOMOLIN HepoMenuaTopos. ['e-
HaMH C CaMO# 0OJIBIION OLEHKOHN pesieBaHTHOCTH JUIst mm3o¢dpenun seistores COMT,
DISC1, HTR2A, NRXN1.

C HCIIONB30BaHUEM HHCTPYMEHTOB OMOMH(OPMATHKH ONMUCAHbI ()YHKLUH 3TUX T'€HOB.
COMT — karexomn-O-metunTpaHcdepasa — KaTaIM3upyeT MEPEHOC METUIIHHOMN TPYIIITHI
¢ S-aZieHO3MIMETHOHNHA Ha KaTeXOJIaMUHBI, BKJIOYas HEHPOTPaHCMUTTEPHI JOTIaMUH,
snuHedprH U HopanuHePpuH. D10 O-METHUINPOBAHUE IPUBOIUT K OXHOMY M3 OCHOB-
HBIX OyTel Jerpagaluu KarexojlaMUHOBbIX TpaHcMuTTepoB. DISCI1 yuyacTByer B pery-
JISIUM MHOTOYHMCIICHHBIX aCIIEKTOB AMOPHUOHAILHOTO U B3POCIIOTo HelporeHesa [6]. ['en
HeoOXomuM Uit Tpoiudepalu HEHPOHHBIX MPEIICCTBEHHHUKOB B BEHTPUKYIISIP-
HO/CYyOBEHTPHUKYJISIPHON 30HE BO BpeMs SMOPHOHAIFHOTO Pa3BUTHS MO3Tra U B 3y0Ua-
TOH M3BWJIMHE TUIITIOKAMIIA Y B3pOCIBIX. Y4acTByeT B Wnt-orocpeoBanHo mposude-
paiuy HeHpOHHBIX MPEIIIECTBEHHUKOB B Ka4eCTBE MOJOXKUTEIBHOTO PEryIsITopa, Ur-
paet ponb MoxyisaTopa curHanbHoro mytd AKT-mTOR, KoOHTponupyromero TeMn npo-
1ecca HHTErpali HOBOPOXKICHHBIX HEHPOHOB B XOZ€ B3pOCIOro HEMpOoreHes3a, BKIIO-
Yas TO3UIIMOHUPOBAaHNE HEHPOHOB, Pa3BUTHE JCHIAPUTOB U (POPMHUPOBAHUE CHHAIICOB.
HTR2A komupyeT 0JuH U3 pEeLenToOpoB AJid CEPOTOHMHA. MyTalluy B 3TOM I'€HE CBS-
3aHBI C IPEIPACIOI0KEHHOCTHIO K IN30()PEHUU U 00CECCUBHO-KOMITYJIbCHBHOMY pac-
CTpPOWCTBY, a TAaK)Xe C OTBETOM Ha aHTHJCTIPECCAHT IIUTAIONPAM Y MAIMEHTOB C 00Jb-
UM JenpeccuBHBIM pacctpoiictBoM (BJIP). YV manmentos ¢ B/IP, umeromux myTaruo
B MHTPOHE 2 3TOr0 I'eHa, 3HAYUTEIbHO CHI)KEH OTBET Ha IIUTAJIONPaM, OCKOJIBKY JIaH-
HBII aHTUAETPECCAHT CHIXKAET 3Kcrpeccuio reHa. NRXN1 kogupyeT oTHOIPOXOIHbII
MeMOpaHHBIH Oenok THma [, mpuHaIexkammii Kk ceMelcTBy HelpekcuHoB. Helipek-
CHHBI — 3TO PELENTOPHI KJIETOUHON TOBEPXHOCTH, KOTOPHIE CBSI3BIBAIOT HEWPOJIUTHHHEI,
KOMILJICKCBI HEHPEKCHH/HEHPOIUTHH B CHHAIICAX LICHTPAIbHOM HEPBHOM CUCTEMBI. DTOT
KOMIUIEKC HE0OXOoAuM Jis1 3P PEKTUBHON HEMPOTPAHCMUCCHH U Y4acTBYET B (hOPMHUPO-
BaHWU CHHANTHYECKMX KOHTAKTOB. MyTalMu B 3TOM T€HE CBS3aHBI C CHHAPOMOM
[Turra-XonkuHca-2 1 MOTYT CIIOCOOCTBOBATH MIPEAPACIIONIOKEHHOCTH K N30 PEHUH.

Buisoowr: Tlpencrasiena Mmeroanka 6MonH(OOPMAITMOHHOTO MCCIICIOBAHUS TEHHBIX Ce-
Tell MEeHTaNBHBIX paccTpoicTB. Ha npumMepe muzodpenun onpeeneHsl Hanbosee pene-
BaHTHBIC T€HbI. AHAJIN3 T€HOB, CBA3aHHBIX C MIM30(QPEHUCH, OTIpeelICHHE UX TOJI0XKe-
HUS B TEHHOM CeTH (CBSI3aHHOCTH) TO3BOJISIIOT YCTAHOBUTH B3aUMOCBSI3U, YCTAHOBUTD,

334 BGRS/SB-2024



KaKHUe TeHBI U MX MPOJTYKTHI SIBIISTFOTCS KJIFOUYCBBIMU TP IPOTEKAHUK 00JIC3HH, OLICHUTH
WX TIEPCIICKTUBHOCTh B KAUYECTBE T'CHOB-MUILICHEH /ISl JICKApPCTBEHHBIX BO3ICHCTBUI.
[IpakTHyeckoe UCIOIb30BAaHUE NOJYUYECHHBIX PE3YIbTAaTOB OCTAETCA CI0KHOM 3a1ayei,
TaK KaK MHu30QpEeHUS SBISICTCS TCHETHUSCKH KOMIUIEKCHON 00JIe3HBIO ¢ OOJIBIION pac-
XOJIUMOCTBIO TIPUYHH U YCIOBUN BO3HUKHOBCHUSL.

@unancuposanue: Uccnenopanne noaaepxano PH® (rpant 24-24-00563, «Pa3pabotka
(G poBEIX 00pa30BaTEIHHBIX IPOTPAMM B OHOMEIHUITHHE) ).
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Motivation and Aim: The study of gene networks of complex diseases is an important
biomedical task that requires data integration.

A scientific project investigating complex diseases in which it is difficult to identify
genetic components is presented, including mental disorders, schizophrenia, and Park-
inson's disease [1]. Schizophrenia is a severe polymorphic mental disorder (or group of
mental disorders) characterised by a breakdown of thought processes and emotional re-
actions [2, 3]. According to the Global Health Data Exchange (GHDx) 2019 data, schiz-
ophrenia affects approximately 0.32 % of people worldwide; among adults, the preva-
lence is 0.45 %. Schizophrenia is a poorly understood disorder with a variety of symp-
toms characteristic of other pathological conditions and a difficult diagnosis without un-
equivocal treatment. The active research interest in this pathology is due to its steady
increase (the prevalence of the disease has almost doubled, from 13.1 million (1990) to
20.9 million (2016) [4]). In order to search for target genes for therapy, it is necessary to
reconstruct the schizophrenia gene network — a complex of interacting macromolecules
functionally related to the disease. Further analysis involves clustering the genes in the
network, identifying the key genes with the highest number of contacts in the network,
and finding categories of gene ontologies.

Methods and Algorithms: Available software tools were assembled, and a data pro-
cessing pipeline for creating gene lists was prepared. The list of genes was compiled
based on current queries to the OMIM (Online Mendelian Inheritance in Man), Gene-
Cards, and MalaCards databases. Gene ontologies for the gene list were analysed using
the PANTHER (Protein ANalysis THrough Evolutionary Relationships) resource
(http://pantherdb.org/). STRING-DB, GeneMANIA, and Cytosacape tools were used for
network reconstruction. Using the online bioinformatics tools OMIM, PANTHER and
DAVID, GeneMANIA and STRING-DB, GeneCards analysed an up-to-date dataset re-
lated to schizophrenia, calculating gene ontology categories for a list of 200 genes, in-
cluding biological processes, molecular functions, and cellular components.
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Results: As the main examples of applications are the analysis of gene networks of a
number of mental disorders, such as schizophrenia and Parkinson’s disease [1]. At the
same time, the methodology of network analysis, evaluation of its structure, and cluster-
ing has been worked out [5]. Significant categories of gene ontologies reflect the impact
of schizophrenia on neural impulse transmission, gene expression in brain tissue. Gene
networks containing the identified key sites and their interconnections were visualised
and constructed to reveal gene interactions; a highly connected cluster including the
genes BDNF, SLC6A4, HTR2A, HTR2C, CHRM1, SRC, AKT, YWHAE, DISC1,
DRD2, COMT, NDEL1, NOS1, CAMK28 was identified.

When analysing the reconstructed gene network, it can be concluded that the DISC1
gene has the highest number of connections. Mutations occurring in this gene are asso-
ciated with both schizophrenia and other mental disorders, such as bipolar disorder. Sev-
eral clusters can also be identified, the largest of which includes the genes BDNF,
SLC6A4, HTR2A, HTR2C. In general, the presented genes are involved in the regula-
tion of synaptic signal transmission and in the transmission of intercellular signals by
means of neurotransmitters. The genes with the highest relevance score for schizophre-
nia are COMT, DISC1, HTR2A, NRXNL1.

Using bioinformatics tools, the functions of these genes are described. COMT — Cate-
chol-O-methyltransferase catalyses the transfer of a methyl group from S-adenosylme-
thionine to catecholamines, including the neurotransmitters dopamine, epinephrine and
norepinephrine. This O-methylation leads to one of the major degradation pathways of
catecholamine transmitters. DISC1 is involved in the regulation of numerous aspects of
embryonic and adult neurogenesis [6]. The gene is required for proliferation of neural
precursors in the ventricular/subventricular zone during embryonic brain development
and in the dentate gyrus of the hippocampus in adults. It participates in Wnt-mediated
proliferation of neural progenitors as a positive regulator, and plays a role as a modulator
of the AKT-mTOR signalling pathway that controls the rate of integration of newborn
neurons during adult neurogenesis, including neuronal positioning, dendrite develop-
ment and synapse formation. HTR2A encodes one of the receptors for serotonin. Muta-
tions in this gene are associated with predisposition to schizophrenia and obsessive-com-
pulsive disorder, as well as response to the antidepressant citalopram in patients with
major depressive disorder (MDD). MDD patients with a mutation in intron 2 of this gene
have a significantly reduced response to citalopram because this antidepressant reduces
the expression of this gene. NRXN1 encodes a type | single-pass membrane protein be-
longing to the neurexin family. Neurexins are cell surface receptors that bind neuroligins,
neurexin/neuroligin complexes at synapses in the central nervous system. This complex
is required for efficient neurotransmission and is involved in the formation of synaptic
contacts. Mutations in this gene are associated with Pitt-Hopkins syndrome-2 and may
contribute to a predisposition to schizophrenia.

Conclusion: The technique of bioinformatics study of gene networks of mental disorders
is presented. Using schizophrenia as an example, the most relevant genes are identified.
The analysis of genes related to schizophrenia, determination of their position in the gene
network (connectivity) allows to establish interrelationships, to determine which genes
and their products are key in the course of the disease, to assess their prospects as target
genes for drug interventions. The practical use of the results obtained remains a difficult
task, since schizophrenia is a genetically complex disease with a large divergence of
causes and conditions of occurrence.
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