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Momusayusa u yenv: BeIcTpoe pa3BUTHE BBHICOKOIIPOU3BOJUTEIBHBIX TEXHONOTHH B T€HOMHKE, TPAHCKPUIITOMHUKE,
MPOTEOMHKE U METabOJIOMUKE B OMOJIOTHH pACTEHUMH, OMOMEUIIMHE ¥ CMEKHBIX 00JACTSIX MPUBENIO K HAKOTUICHUIO
OTPOMHBIX MACCHBOB TEHETHYECKHX U MOJCKYISIPHO-OMONOTHYECKIX TaHHBIX, PACHpPEACIAEHHBIX IO ThHICSIYaM
¢axrorpapuyeckux 06a3 JaHHBIX. METOIbl PEKOHCTPYKIMH W aHalW3a TeHHBIX ceTell (OopMHPYIOT OCHOBY JIst
MHTETPAllMM U CHCTEMHOTO aHaJN3a OMMKCHBIX TaHHBIX, OOecmeyuBas UX HHTEPIPETALHUIO 3a CUYET BBIABICHUS
MPUYHHHO-CIIEJICTBEHHBIX CBA3CH M PEKOHCTPYKIIMHA MOJCKYIAPHO-TCHETHUYECKUX MEXaHHU3MOB, JIEKAIIUX B OCHOBE
(PeHOTUNMYECKUX TPU3HAKOB U OMOJIOTMYECKHX TPOIECCOB Ha KJIETOYHOM M OPraHM3MEHHOM YPOBHsX. Bmecte c
TeM 3 PEeKTUBHASA PEKOHCTPYKIIUSA TeHHBIX ceTell TpeOyeT pa3paboTKU BEIYUCIUTEIBHBIX METOAOB aBTOMATHYECKOTO
M3BJICYCHNS 3HAHUN M3 JECATKOB MMJUIMOHOB HAy4YHBIX IyONMKAIlMil C HCIIOIB30BAHHEM METOIOB MAIIWHHOTO
00y4eHNs M HCKYyCCTBEHHOTO WHTEIUICKTA.

[enpto maHHO¥M PabOTHI SBISUIOCH MPEACTABICHHUE PE3YJBTATOB pa3pabOTKH KOTHUTHBHOW cucteMbl ANDSystem,
obecreunBaroniell MOMHBIA UK WHXEHEPUW 3HAHWM — OT aBTOMATHMUYECKOTO aHallM3a HAayYHBIX MyOIUKAIMi 10
PEKOHCTPYKIIMU TeHHBIX CETEH.

Memoowvr u anzopummel: ABTOMaTHUECKOE M3BJICUCHNE 3HAHUHM U3 €CTECTBECHHO-SI3BIKOBBIX TEKCTOB OCHOBBIBAIOCH
Ha KOMITJICKCHOM TO/IXOJIe, HHTETPUPYIOIIEM OHTOJIOTHUH MPEIMETHOI 001acTH, METOIBI MAIIMHHOTO OOYYeHHS IS
(OpMHUPOBaHHS CEMaHTHKO-THHIBUCTUYECKUX MTPABUII, 00ECIICUNBAIOIINX OBICTPBIN aHATN3 TEKCTOB, & TAKIKE METOJIbI
MCKYCCTBEHHOTO MHTEIJICKTA, BKJIIOUasi rpad)oBble HEHPOHHBIE CETH U OOJIBIIUE SI3BIKOBbIC MOJICIH. PEKOHCTPYKIINS
TeHHBIX CeTel OCYIIECTBIATACH C HCIOIb30BAHHEM OPUTHHAIBHBIX MOAXOIOB, OCHOBAHHBIX HAa OHTOJOTHYECKOM
ONHUCAHUM TPEJAMETHOW 00JaCTH, BKIIOYAIOIIEM MOHSITHS M THIbI B3aUMOOTHOIICHUI MEXAY OHOJIOrMYECKHUMHU
CYLTHOCTSIMH.

Pezynomamui:  ANDSystem npenctasiseT co0Oil  KOTHUTHBHYIO —ITPOTPaMMHO-UH(OPMAIMOHHYIO — CHCTEMY,
MpeIHa3HAYCHHYIO A1 paboThl ¢ MHOKECTBOM THIIOB OHMOJIOTHUECKHX OOBEKTOB M aBTOMATUYECKOTO H3BICUCHUS
3HAHMHU O PA3IMYHBIX THIIAX B3aUMOJICHCTBUI U3 Hay4YHBIX TeKcTOB [ 1-3]. baza 3nanuit ANDSystem, copmupoBaHHas
Ha OCHOBE aBTOMaTHYeCKOro aHaiu3a anHotauuii PubMed, nonnorekcroBeix crareit PMC u dakrorpaduyeckux 6a3
JIQaHHBIX, COJIEPXKUT (POpMaATTU30BaHHBIE CBEACHUs 0 Oosiee ueM 150 MUITMoHAX B3aUMOJICHCTBUI MEXKITy MOJICKYJISIPHO-
TCHEeTHYECKUMHU OOBEKTaMHU PA3IMYHBIX OPTaHU3MOB, MPEBOCXOIS COMOCTABUMBIC MHPOBBIE CHCTEMBI IO YHUCIY
MOJICP’KUBACMBIX THIIOB OOBEKTOB M B3aNMOOTHOIIICHHH.

B arpoouonornn ANDSystem mociay»uia 0OCHOBOH Juist pa3paboTku cuctembl SmartCrop, mpeaHazHaueHHOW st
W3YYCHUs] MOJICKYISIPHO-TEHETUYECKUX MEXaHM3MOB, OIPEACISIONIMX CBSI3M MEXIY TCHOTUIIOM U (heHOTHIIOM
Yy CeJBCKOXO3SICTBEHHO 3HAUMMBIX KYNbTyp puca M mmieHuisl [4]. B wactHocTH, SmartCrop mpuMeHsIach A
UICHTH(UKALUK PETYISTOPHBIX M CUTHAIBHBIX ITyTEH, y4aCTBYIOLIMX B OTBETE PACTCHUIT Ha crieln(pUUECKIE YCIOBUS
pocTa, a TaKke Ha OMOTHYECKUE U a0MOTHYECKUE CTPECCOBBIE BO3ICHCTBHS, BKITIOUAsi BRICOKYO M HU3KYIO TEMIIEpaTypy,
3acyxy, 3aCOJICHHE, 3arpsi3HEHUE TTI0YB MeTajlslaMH, BO3JCHCTBHE yI00peHHii, TOPMOHOB U AITHMCUTOpoB. Kpome Toro,
CHCTEMa HCIIONIB30BANIaCh JJIS TPEACKA3aHUs TEeHOB-KAHAWIATOB JUIA TCHOTUIIMPOBAHMSA, MOWCKA MapKepoB IS
MapKep-acCOIMUPOBAHHON CENEKINH U HICHTH(GUKAIIMN MOJISKYJISIPHBIX MHUIICHEH [UIsl HAPABICHHOTO BO3ACHCTBHUS
Pa3IUYHBIX BEIIECTB M BHEIIHUX (DaKTOPOB.

B ouomenuuuae ANDSystem npumMeHsiiach JUisi HHTEPIPETAIlMd OMUKCHBIX JaHHbIX, PEKOHCTPYKIIMH MOJICKYJISIPHBIX
MEXaHU3MOB 3a00JI€BaHUI, aHANINM3a MEXaHH3MOB JIEKAPCTBEHHO-IEKAPCTBEHHBIX B3aHMMOJCHCTBUHN, MCCIEIOBAHUSL
TOKCHUECKUX 3()(EKTOB XUMHUYECKUX COCAMHEHUH, MACHTU(UKALMKM JICKAPCTBEHHBIX MHUILIEHEH, MMOHMCKa HOBBIX
OGrOMapKepOB U BBIABICHHUS TeHETHYECKUX (haKTOPOB pHCKa 3a00eBaHni. B yacTHOCTH, CCTeMa UCTIONB30BANIaCh IS
H3yUYCHHS MOJICKYIIIPHO-TEHETHUYECKUX MEXaHN3MOB B3aUMOACHCTBHS TaTOTeH—XO035UH, PEKOHCTPYKIIIH CUTHAIBHBIX
MyTeH KIETOUHBIX MPOIIECCOB, PETrYINPYEMbIX BUPYCHBIMHU OCIIKAMH, IPUOPUTH3ALUH (HapMAKOIOTHUECKIX MUILICHEH
JUIS Tepanuu paka TEYCHH, UCCICIOBAHUS PETYISITOPHONH poiM HEeCTPyKTypHbIX OenkoB SARS-CoV-2 B pa3sutuu
MeTabomuuecKkux Hapyiienuit y nampentoB ¢ COVID-19, a Taxoke A1 aHaIN3a JaHHBIX METa0O0JIOMHOTO CKPUHHHTA
IUTa3MbI KPOBHU MAIIMEHTOB C MOCICONEPAIIHOHHBIM ACTHPUEM C LIETbI0 PEKOHCTPYKIIMHA MOJIEKYIIPHO-TCHETHIECKUX
MEXaHU3MOB HapyIICHUI MeTaboIu3Ma CPUHTOITHUITHIIOB. .

3axniouenue: Taxum ob6paszom, ANDSystem mnpeacraBiseT co00il MONIHYI0O KOTHUTHUBHYIO CHCTEMY IS
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PEKOHCTPYKIIMK W aHaJIM3a TeHHBIX CETeH, 00Jamaronlylo YHUKaJIbHON 0a30i 3HaHWH, MPEBOCXOIAMICH M3BECTHBIC
QHAJIOTH 0 Pa3HO0OPA3UIO MPEACTABICHHBIX OMOJIOTHYECKUX OOBEKTOB M TUIIOB B3anMoeiicTBHNA. CHCTeMa yCIICIITHO
MIPUMEHSETCS TS PEIICHHs IUPOKOTO KPyra 3a/1ad B 00/1aCTH arpoOHOIOruy ¥ OMOMETUIINHBI.

Qunancuposanue: The bioinformatics analysis was supported by the budget project, FWNR-2022-0020.
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Motivation and Aim: The rapid development of high-throughput experimental technologies in genomics, transcriptomics,
proteomics, and metabolomics across plant biology, biomedicine, and related fields has led to the accumulation of vast
amounts of genetic and molecular biological data distributed across thousands of factual databases. Methods for the
reconstruction and analysis of gene networks provide a platform for the integration and systems-level analysis of omics
data, enabling their interpretation through the identification of causal relationships and the reconstruction of molecular
genetic mechanisms underlying phenotypic traits and biological processes at the cellular and organismal levels. At
the same time, effective reconstruction of gene networks requires the development of computational methods for the
automatic extraction of knowledge from tens of millions of scientific publications using machine learning and artificial
intelligence approaches.

The aim of this work was to present the results of developing the cognitive system ANDSystem, which provides a full
knowledge engineering cycle, from automatic analysis of scientific publications to gene network reconstruction.
Methods and Algorithms: Automatic knowledge extraction from natural language texts relied on a comprehensive
framework integrating domain ontologies, machine learning methods for generating semantic-linguistic rules that
enable rapid text analysis, and artificial intelligence methods, including graph neural networks and large language
models.

Gene network reconstruction was carried out using original approaches based on an ontological description of the
subject domain, including concepts and relationship types between biological entities.

Results: ANDSystem is a cognitive software and information system that considers multiple types of biological objects
and extracts knowledge about diverse types of interactions from scientific texts [1-3]. The ANDSystem knowledge
base, created through the automatic analysis of PubMed abstracts, PMC full-text articles, and factual databases,
contains formalized knowledge on more than 150 million interactions between molecular genetic objects from different
organisms, surpassing comparable systems worldwide in the number of supported object and relationship types.

In agrobiology, ANDSystem served as the basis for the development of the SmartCrop system for studying the molecular
genetic mechanisms underlying genotype-phenotype relationships in agriculturally important rice and wheat crops [4].
In particular, SmartCrop has been applied to the identification of regulatory and signaling pathways involved in plant
responses to specific growth conditions and to biotic and abiotic stresses, including high or low temperature, drought,
salinity, soil contamination with metals, fertilizers, hormones, and elicitors. It has also been used for the prediction of
candidate genes for genotyping, the search for markers for marker-assisted selection, and the identification of targets
for the directed action of substances, including external factors.

In biomedicine, ANDSystem has been applied to the interpretation of omics data, the reconstruction of disease
mechanisms, the analysis of drug-drug interaction mechanisms, the investigation of toxic effects of chemical
compounds, the identification of drug targets, the discovery of novel biomarkers, and the detection of genetic
risk factors for diseases. For example, ANDSystem has been used to study the molecular genetic mechanisms of
pathogen-host interactions, reconstruct signaling pathways of cellular processes regulated by viral proteins, prioritize
pharmacological targets for liver cancer therapy, investigate the regulatory role of SARS-CoV-2 non-structural proteins
in metabolic disturbances in COVID-19 patients, and analyze blood plasma metabolomic screening data from patients
with postoperative delirium to reconstruct the molecular genetic mechanisms of sphingolipid metabolism disorders.
Conclusion: ANDSystem is a powerful cognitive system for the reconstruction and analysis of gene networks with a
unique knowledge base that surpasses similar known systems in the world. The system has been successfully applied
to solve a wide range of problems in the field of agrobiology and biomedicine.
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