regions that integrate sensory, cognitive and motor functions. Chemogenetic modulation of the
activity of various groups and types of neurons changes the connectivity of the brain. In this regard,
there is an assumption about the possibility of using chemogenetics to correct behavior and
restructure the pathological mechanisms of nervous and mental diseases by influencing
connectivity, by increasing or decreasing the activity of one or more groups of interacting neurons.
Evaluation of this possibility by chemogenetic parallel unidirectional or multidirectional modulation
of the activity of remote neuronal populations of the brain involved in the regulation of psycho-
emotional behavior indicates the reality of “control” of behavior based on neural network
mechanisms of its regulation.
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Ilpumenenue memo0oe UCKyccmeeHH020 UHMENIEKMA U AHAIU3A 2EHHBIX Cemell
ona unmepnpemayuu OMUKCHbIX OAHHBIX
Npanncenko B.A.*, Benzens A.C., Jlemenkos I1.C., Banucenko T.B., Aatpornosa E.A.,
Iaiicnep E.B., PoraueB A./l., [Tokposckuii A.I'., Komuanos H.A.
HNucturyt muronorun u renetuku CO PAH, HoBocubupck, Poccust
* salix@bionet.nsc.ru

PaboTa mocBsiiieHa KOTHUTUBHOM MporpaMMHO-uH(popMarmoHHoH 1uiatdhopme ANDSystem [1,
2], npenHa3HAYEHHOW U1l aBTOMAaTUYECKOrO M3BJIEUEHUS 3HAHUW W3 HECTPYKTYPHUPOBAHHBIX TEKCTOB
HayuyHbIX MyOiukarmii. ANDSystem 1mo3BoJisieT yuuThiBaTh 12 THIIOB MOJICKYIISIPHO-OMOJIOTHYECKHIX
O00BEKTOB, BKJIIOYAas OPraHW3Mbl, KICTKW/TKaHHW, OOJIE3HH, TEHBI, METAOOJHTHI, JIeKapcTBa U JIp.
Cuctema o0ecrieunBaeT aBTOMATUYECKYHO0 OKCTPAaKLUMIO U3 TEKCTOB 3HAHUH O (DU3NYECKuX
B3aUMOJICUCTBUAX, KAaTAIUTUUECKUX PEaKIMX, PErYJIATOPHBIX B3aUMOCBS3SIX, TAKUX KaK pPeryJisiius
AKCIPECCUH, PETYIISIHS aKTUBHOCTH, PETYJIALUS CTAOMILHOCTH | T. . (Bcero 6osee 20 TUTIOB).

OcHoBuble Monynn ANDSystem BkitouaroT B ce0si: MOAYJIb OHTOJIOTHYECKOTO OIMHUCAHMS
MpeIMeTHON 00JacTH, cofeprKaluid clioBapu OOBEKTOB U CEMAHTUKO-THHTBUCTUYECKHE IMpaBUIIa
B3aMMOOTHOIIEHUH MEXJy HMMHU; MOJYJIb PACIIO3HABAHUS NMOMMEHOBAHHBIX CYILIHOCTEH; MOJIYJIb
W3BJICYCHUS 3HAHUN O B3aMMOJECHCTBUSX; 0a3y, CoOAepKAILyI0 SKCTPAarupoBaHHYI0 HHPOPMAIIIIO, B
Buze rpada 3HaHumil; mporpammy ANDVisio, ob6ecneunBaronyo Mmojb30BaTeIbCKH rpadudecKuii
unTepdeiic s qoctyna k 6a3e 3HaAHMIA, a TaK)Ke PEKOHCTPYKIIUU U aHAJIN3a TEeHHBIX CETEH.

W3Bnedenue 3HaHMIA OCYIIECTBISIETCS pa3pabOTaHHOM crcTeMol B ueThIpe 3Tana. Ha nmepom
JTarne MPOM3BOAMUTCA TEPBUYHASI SKCTPAKLMA B3aUMOJEHCTBUH Ha OCHOBE C(HOPMHUPOBAHHOIO
BpyYHYI0 Ha0Opa CEMaHTHUKO-JIMHIBUCTHUYECKMX TpaBul u 1madnoHoB. Ha BTopoMm »dTame
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OKCTparupoBaHHas TakuM oO0pa3oM wuHGOpPMAIUs O B3aWMMOJICUCTBHIX MEXKIy OOBEKTaMH
no00aBIsieTCsl B pa3METKy TeKcTa Al ((OpMUPOBAHMS 00YyUarOIUX BEIOOPOK, @ TAaKXKE BBITOTHICTCS
aBTOMAaTHYeCKasi peKOHCTpyKuus rpada 3Hanuii. Ha TperbeM 3Tame ¢ nomMouso copMUpOBaHHBIX
BBIOOPOK TPOBOJUTCS TOHKAs HACTpOKa NpeaoOydYeHHBIX T€HEpAaTHBHBIX HEHPOHHBIX CeTeM,
peanusytomux apxutektypbl GPT-3 u BERT. Takxke ¢ ucnonb3oBaHUEM PEKOHCTPYUPOBAHHOIO
rpada 3Hanuii u anroputma GraphSAGE Bremonnsercs oOydenue rpadoBoil HEHPOHHOH ceTH.
[TonydyeHHble HEHPOHHBIE CETU UCTIONB3YIOTCS AJI1 YTOUHEHUS! TUIIOB 0OBEKTOB, PACTIO3HAHHBIX 110
CJIOBapIo, a TaKXe I JIONOJHUTEIBbHOIO PACIIMPEHUS YUCIIA B3aUMOJEHUCTBUM, B JIONIOJHEHUE K
W3BJICYEHHBIM C TIOMOIIBIO CEMAaHTUKO-JIMHIBUCTHUECKUMHU Ia0JIOHAMHU.

ANDSystem Hamnuia ycrnemHoe NPUMEHEHHE B PELIEHUM IIHPOKOro CIEKTpa 3a1ad W3
obOnactu Ouonornu M OMOMETUIIMHBI, BKJIIOYas MCCIEIOBAHUSA MOJEKYJISIPHBIX MEXaHHU3MOB
3a00JeBaHUN, HHTEPIPETAIIMIO OMUKCHBIX JJAHHBIX U Jpyrue. B HacTosimee BpemMst MeTabOIOMHBIN
aHaJINU3 SIBISIETCA OJHOM M3 IIMPOKO TPUMEHSEMBIX TEXHOJIOTUH B Pa3IMYHBIX 00JacTsIX
ouomenuuuHCKUX uccaenoBanuid. C ucnonbzoBanueM cucreMbl ANDSystem Oblia BBIIOJTHEHA
MHTEpIIpEeTalys JaHHBIX MEeTaO0JIOMHOTO aHajau3a 00pa3loB KpoBH I1a3Mbl nanueHToB ¢ COVID-
19 [3]. B yacTtHOCTH, C TOMOIIBIO PEKOHCTPYHPOBAHHBIX PETYISATOPHBIX T'CHHBIX CeTeil Obuia
BBISIBJICHA POJIb HECTPYKTYPHBIX BUPYCHBIX 0e1Kk0B SARS-CoV-2 B MeTaboimmueckux quchyHKIUIX
y TalueHTOB. PEeKOHCTpyHMpOBaHHBIE TI'€HHBIE CETH HIPAIOT BaXXHYIO pOJb B MCCIEIOBAHUU
MOJIEKYJISIPHBIX MEXaHU3MOB B3auMOAEHCTBUS BUPYC—X03siuH nipu COVID-19 u cinyxaT oCHOBOM
Ui JaNbHEWIIMX  OKCIEPUMEHTANbHBIX M KOMITBIOTEPHBIX  HMCCIEIOBAaHUNA  PETYJISIHUU
MeTtabonmnueckux mytei 6enkamu SARS-CoV-2.
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The ANDSystem, a cognitive software and information system, has been developed for the
automated extraction of knowledge from scientific literature [1, 2]. It encompasses 12 object types,
such as organisms, cells/tissues, diseases, genes, metabolites, drugs, and more. The system extracts
information on physical interactions, catalytic reactions, and regulatory relationships (over
20 types) from texts.

The core modules of the ANDSystem include: an ontology module with object dictionaries
and semantic-linguistic rules; a named entity recognition module; a knowledge extraction module; a
knowledge base featuring a knowledge graph; and the ANDVisio program, offering a user-friendly
graphical interface for knowledge base access, as well as gene network reconstruction and analysis.
Knowledge extraction consists of four stages:

1. Interaction extraction using semantic-linguistic templates.
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2. Addition of interaction information between objects to text markup for neural network
training, followed by knowledge graph reconstruction.

3. Fine-tuning of pre-trained GPT and BERT transformers with mapped texts, and graph
neural network training using the knowledge graph.

4. Identification of new interactions using trained neural networks, supplementing those
extracted with semantic-linguistic templates.

The ANDSystem has been employed to address various issues in biomedicine, including the
reconstruction of molecular disease mechanisms and the interpretation of omics data. Metabolomic
analysis is currently a prevalent omics technology within biomedical research. Utilizing the
ANDSystem, we interpreted data from a metabolomic analysis of blood plasma samples from
COVID-19 patients [3]. This gene regulatory network reconstruction highlighted the role of
nonstructural SARS-CoV-2 viral proteins in metabolic dysregulation among patients. The
reconstructed gene networks offer insights into the molecular mechanisms of virus—host interactions
in COVID-19 pathology and lay the foundation for subsequent experimental and computational
investigations of metabolic pathway regulation by SARS-CoV-2 proteins.
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Muzpayuonnoe Kknemounoe odecneuenue HOpMAaabHO20 PYHKUUOHUPOBAHUSA
UMMYHO-CIPYKHIYPHO20 20Me0Cma3a
Ko3znos B.A.

Wucturyt dpynnamentanbHoi u kinHndeckoit mmmyHosnorun CO PAH, HoBocubupck, Poccust

Tumyc, Kak ¥ KOCTHBII MO3T, SIBJISIETCA LIEHTPAJIbHBIM OPraHOM UMMYHHOUM cucteMbl. OIHAKO
MMEHHO THUMYC SBJISIETCS HMCTOYHUKOM T JMMQOLUTOB, KOTOpbIE MHUTPHUPYIOT U3 TUMyca Ha
nepudepurro B BUJIC ABYX 3HAYMMBIX IMOMYJISIIUH JIUM(OIIUTOB: HauBHBIE T-KJIETKH U PETYIIATOPHBIC
T-xnetkn (Treg). DyHKIMOHANIBHAS aKTHUBHOCTh OJTHX [JIBYX Cymepronyisnuidi T-KieTok
oOecrieunBaeT, HapaBHE C MHUIpaHTaMU M3 KOCTHOTO MO3ra, HOpMajbHOE (DYHKIIMOHUPOBAHHE
MMMYHHOU CHUCTEMBI B opranusme. Hapyuienue HopManbHOTO (PyHKIMOHHUPOBAHUS MUTPAHTOB U3
TAMyca B TIEpByl0 ouepenb  sBisieTrcss  (akTtopoM  GOPMUPOBAHUS B OpPTaHU3ME
MMMYHOIATOJIOTUYECKUX 3a00JIeBaHM, BKIIOYas ayTOMMMYHHBIE U aJjulepruyeckue 3aboseBaHus,
aTepocKiepo3, OHKojoruto. Ilo-BuaumMoMy, OJHMM M3 BEAYLIMX YCIOBUH HOPMAaJIbHOTO
(YHKIIMOHUPOBAHHUSI UMMYHHON CHUCTEMBI SIBISIOTCS MUTPAI[MOHHBIE TPOIECCHl KIIETOK MEXIy
KOCTHBIM MO3TOM, TUMyCOM U Tiepudepudeckumu JnMpouaapiMu opranamu. [Ipu 3TomM Hapsmy ¢
MOMYJISUSAMH  KJIETOK CO CBOMMH  CHEIH(PUUECKHMMH, OPraHHBIMH  XapaKTEepPUCTUKAMU,
pacroiaralouMHCs TOCTOSTHHO B PA3JIMYHBIX OpraHax, MMEIOTCS TMOIYJISIUU KJIETOK, HEIaBHO
MUTPUPOBABIIUX U3 OJHUX OPraHoB B JIpyrHe, KOTOpbIE YK€ «IOTePSIN» OTACNbHBIE
XapaKTEPUCTUKUA OPraHOB, U3 KOTOPHIX OHM MUTPHUPOBAJIH, HO €IIe HEe MPUOOPENId XapaKTePUCTUKHU
OpraHoB, B KOTOpbIe OHM MUTpUpoBaid. JIr000oe HapylIeHUE MPOIECCOB MUTPAIIUU KIETOK MEXIY
yKa3aHHBIMH OpraHaMd HMMYHHOW CHUCTEMBbl HECET CYIIECTBEHHBIE TOMEXH HOPMAaJIbHOMY
(YyHKIIMOHMPOBAHUIO HMMMYHHOM cucTeMbl ¢  (OpMHpOBaHHEM HMMYHOMATOJIOTHYECKOTO
coctosaus. [lo-BuaUMOMYy, B OCHOBHOM 3TH KJIETKH, OMYJISIIUOHHBIE MUTPAHTHI, IUPKYJIUPYIOT IO
KPOBEHOCHBIM M JuMdaTHueckuMm cocyaam. CreqyeT yduThiBaTh, YTO HMEHHO O3TH KIETKU
SIBJITFOTCSI UCTOYHUKOM WH(GOPMAIIUU COCTOSIHUS B OpraHU3Me, MPEXKJIe BCETO TOMEOCTATHYECKUX
MMMYHHOH U KPOBEHOCHOM CUCTEM.
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