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B ocHOBe (yHKIIMOHMPOBAaHMS BCEX TUIIOB KHBBIX CHCTeM JiexaT reHHble cet (I'C) — rpynmbl
KOOPJIMHUPOBAHHO ()YHKLIMOHUPYIOIUX T'EHOB, B3aMMOJCHCTBYIOUIMX Jpyr C JpyroM uepes
nponyktel — PHK, Oenxu, merabomutbl u ap., oOecrieuuBarolie Ha OCHOBE HH(pOpMaLuy,
3aKOAMPOBAHHOM B reHoMmax, (popMupoBaHuE BceX (EHOTHUMMYECKUX XapaKTEPUCTUK OPraHU3MOB
(MONEKYJISIpHBIX,  OMOXMMHUYECKUX,  KJIETOYHBIX,  (PU3HOJIOTHUECKHX,  MOP(OJIOrHYECKUX,
nopejieHUeckux H T. A.). OOs3arenbHple kKoMnoHeHTsl ['C — myTH niepeiayd CHUTHaJIOB,
METa0OoINYeCKue IyTH, CETH OelO0K-OeJIKOBBIX B3aUMOJCHCTBHM, pEryJIATOPHbIE KOHTYpPHI C
OTPULIATEJIbHBIMU U TOJIOKUTENBHBIMU 00paTHbIMU CBs3siMH. ['C MOryT BKIIIOYAaTh OT JAECATKOB 10
MHOTUX Thicsd reHoB, PHK, GenkoB, MeTabonIMTOB M MWUIMOHBI B3aMMOJCHCTBUM MEXIy HUMH.
OynkunonrupoBanue onHuX I'C MokeT OBITH OrpaHUUYEHO 00BEMOM OTHENbHBIX KJIETOK, B TO BpeMs
KaK MOJIEKYJIIpHbIE KOMIIOHEHTBI JAPYTMX F€HHBIX CETel MOTYT ObITh paclpeesieHbl 10 MHOXKECTBY
MOP(hOJIOTUYECKUX CTPYKTYP (KJIETOK, TKaHel u opraHoB). Pexonctpykuus I'C, ananus cTpyKkTypHO-
(YHKIMOHAIBHON OpraHu3alMd U KOMIBIOTEPHOE MOJETUPOBAHUE UX JUHAMHKH HEOOXOJUMBI IS
pellieHus] IMKUPOKOro Kpyra 3ajad B TaKMX OONACTAX, KaK MEOUIMHA, (apMakKoJIOTHs, CEIbCKOEe
X035HCcTBO, OnMoTexHonoruy. K ducity Kimto4yeBbIX 3aJjauy OTHOCATCS: PEKOHCTPYKLHUS MOJEKYJISPHO-
TFEHETUYECKUX MEXAHW3MOB BO3HMKHOBEHHUS M pPa3BUTHs MATOJIOTMH YeJOBEKa, IOUCK HOBBIX
(apMaKoJIOrH4ecKuX MHUIIEHEH JUIsi Tepamnuu 3a00JieBaHUM, MOMCK MOJIEKYJSIPHBIX MapKEPOB JUIs
CEeJIEKIMU COPTOB PACTEHUWH M TMOpPOJA JKUBOTHBIX C YJIYYIIEHHbIMH XapaKTEpUCTHKAMU,
KOHCTPYUPOBAaHUE HOBBIX LITAMMOB MHUKPOOPIaHM3MOB C IIEJIEBBIMU CBOMCTBaMHU — IPOJYLIEHTOB
OMOTEXHOJOTMYECKU LIEHHbIX O€lIKOB M MeTaboauToB. B joKnaze paccMOTpeHbI: a) METOJbl
CHCTEMHOW KOMITBIOTEpHON OMOJIOTUHU U TIyOOKOT0o MAIIMHHOTO 00y4eHus [yl pekoHcTpykimu 1'C
Ha OCHOBE aHaiM3a OOJBIIMX TEHETHMYECKUX JAaHHBIX, MOJIy4YaeMbIX C IIOMOIIBIO OMHKCHBIX
TEXHOJOTUI  (FT€HOMHUKHM, TPAaHCKPHUIITOMUKH, IPOTEOMUKH, MeTa0OJOMHKH); 0) MeTojbl
KOMITBIOTEPHOTO aHau3a IrpadOB TEHHBIX CETEH JJIs BBISIBJICHUS KITIOUYEBBIX dJieMeHTOB (reHoB, PHK,
0enKoB, METaboNMTOB), Haumboyiee 3HAUUMBIX JUId  QyHKOuoHMpoBanus ['C; B) MeToasl
MOJIeTUPOBaHUs AMHAMUKU (pyHKImoHupoBanus 1'C 1l moucka MOJEKYJISpHBIX MUIIEHEH (T€HOB,
PHK, 6enkoB), BO3/IeiicTBUS Ha KOTOpBIE, BKIIOYas (papMakoJIOrMyecKue BO3ACHCTBUS UM BIUSHHE
MyTalui, NPUBOAUT K BBIPAKEHHOMY WM3MEHEHHIO (DYHKIIMOHHPOBAHUS T€HHBIX CETEH; I') METOJIbI
KOHCTPYUPOBAaHUSI ~ MHTEPIPETUPYEMBIX  HEHPOHHBIX  CETE€H,  ONMUCHIBAIOUIMX  JUHAMHKY
¢bynkumonupoBanus I'C, ocHOBaHHbIE Ha 3a/laHUM WX TOIOJIOTUU COTJIACHO OHTOJIOTUU CTPYKTYD,
(GyHKIMI ¥ mpoleccoB npeaMeTHol obnactu «I'eHHble ceTny. B 3akimounTenbHON YacTu 0KIiIaaa
paccMOTpeHbl MOJAXOAbl K KOHCTPYHPOBAaHHUIO CETel COLMAIbHBIX COOOIIECTB, OCHOBAaHHbIE Ha
OHTOJIOTMYECKOM OITUCAHUM MpeAMETHOM o0macTu «KauecTBO )KU3HUY.
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The functioning of all types of living systems is based on gene networks (GNs) — groups of
coordinately functioning genes that interact with each other through products — RNA, proteins,
metabolites, and others, providing the formation of all phenotypic characteristics of organisms
(molecular, biochemical, cellular, physiological, morphological, behavioral, etc.) based on the
information encoded in genomes. Essential components of GNs include signal transduction
pathways, metabolic pathways, protein-protein interaction networks, and regulatory circuits with
negative and positive feedback loops. GNs can include from tens to many thousands of genes,
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RNAs, proteins, metabolites, and millions of interactions between them. The functioning of some
GNs may be limited to individual cells, while the molecular components of other gene networks can
be distributed across multiple morphological structures (cells, tissues, and organs). The
reconstruction of GNs, analysis of their structural-functional organization, and computer modeling
of their dynamics are necessary for solving a wide range of tasks in areas such as medicine,
pharmacology, agriculture, and biotechnology. Key tasks include the reconstruction of molecular-
genetic mechanisms of the emergence and development of human pathologies, the search for new
pharmacological targets for disease therapy, the identification of molecular markers for selecting
plant varieties and animal breeds with improved characteristics, and the construction of new strains
of microorganisms with target properties — producers of biotechnologically valuable proteins and
metabolites. The report considers: (a) methods of computational systems biology and deep machine
learning for GN reconstruction based on the analysis of large genetic data obtained using omics
technologies (genomics, transcriptomics, proteomics, metabolomics); (b) methods of computer
analysis of gene network graphs to identify key elements (genes, RNAs, proteins, metabolites) most
significant for GN functioning; (¢) methods of modeling the dynamics of GN functioning to search
for molecular targets (genes, RNAs, proteins) whose impact (including pharmacological effects or
the influence of mutations) leads to significant changes in gene network functioning; (d) methods of
constructing interpretable neural networks describing the dynamics of GN functioning based on the
assignment of their topology according to the ontology of structures, functions, and processes of the
“Gene networks” subject area. In the final part of the report, approaches to the construction of social
community networks based on the ontological description of the subject area “Quality of life” are
considered.
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CI10’KHOCTb ONIMCaHMS MUAEMUYECKUX IIPOLIECCOB BO3PACTAET C MOSIBJICHUEM HOBBIX BUPYCOB
(moBeie mrammbl COVID-19, TyGepkyne3a u ap.) W BIUSHUEM COLUAIBHO-DKOHOMHYECKUX
MIPOLIECCOB (M3OJIALMSI, MACOUHBIA PEXHUM, MaccoBas BaKIMHAIMSA U Ap.). IIpouecc u ckopocTh
pacnpocTpaHeHus] UHPEKUNOHHBIX 3a00J1€BaHUI XapaKTepU3yloTcs JaHHBIMU, IPEICTaBISIIOIIUMHU
pacrpeneneHuss SMUASMHOJIOTHYECKUX XapaKTepUCTUK (CpeqHee Bpemsl TedeHHs OOJe3HH,
MHKYyOallMOHHOTO TEepUojia W JAp.), BPEMEHHbIE Ps/Ibl CTAaTUCTUYECKUX HaOII0JeHUM (Hampumep,
KOJIMYECTBO €KEAHEBHO BBISBICHHBIX, I'OCHUTAIN3UPOBAHHBIX, ITPOTECTUPOBAHHBIX), 3aKOHAMU
pacnpocTpaHeHUs, a TaKXe CBS3aHHBIMU C HHMMHM JaHHBIMH O COLUAJIbHO-IKOHOMUYECKUX
nporeccax. Pa3Burue MeTOl0B MAIIMHHOTO OOYYEHHs M aHajdu3a JaHHBIX [103BOJIIET HA HOBOM
YPOBHE NOCTPOUTH MOJENM ONHCAHUA IUHAMHMKH PpACHpOCTpaHEHHUs 3a00JeBaHUIl € ydyeToM
COLMAJIbHO-)KOHOMHUYECKUX Xapakrepuctuk [1]. B pabore mocTtpoeHa ¥ ONTHMHU3MPOBAHA
MOJIHOCBSI3HAs PEKYyPPEHTHAsI HEUPOHHAS CETh, MO3BOJISIONIAS OCYIIECTBISATH HEAEIbHBIE TPOTHO3BI
10 KOJINYECTBY €KEIHEBHO BBISBIECHHBIX M KPUTHYECKHX (MOJIKIIOUEHHBIX K amnmapaty MBJI)
CIydyaeB Ha OCHOBE JMHIEMHOJOTUYECKHX W COIMAIBHO-YKOHOMHUYECKHX TOoKazateneu [2, 3].
UucneHHble  NPOTHO3bI  COMOCTAaBJIEHBl €  pe3yjbTaTaMHU  IMPUMEHEHUS  KJIIACCUYECKUX
KOMITAPTMEHTHBIX M areHTHBIX MOJeliedl Ha MpUMeEpe paclpoCTpaHEHHUS HOBOM KOPOHABUPYCHOU
unpeximn  COVID-19 B HoBocubupckoit o6mactu [2, 4]. IlokaszaHo mnpeuMyIIecTBO
WCIIOJIb30BAaHUSl ONTUMHU3UPOBAHHON HEWPOHHOM CeTHM B cllydyae yd4eTa BIMSHHS COLMAIBHO-
HSKOHOMHMUECKUX IOKa3aTejaed Ha pacnpoCTpaHEHUE SHUAEMHUH MPH MOCTPOECHUHM KPaTKOCPOUHBIX
MIPOTHO30B.

PaGota BbImosnHeHa mpu mnojjaepkke Marematuueckoro lleHTpa B AkazneMmropojke,

cornameHue ¢ MUHUCTEPCTBOM HayKd U BbIcuiero oopasoBanus Poccuiickoit @eneparu Ne 075-
15-2022-281.
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