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KomnbloTepHoe MofennpoBaHme B HacToALLee BPEMSA CTaHOBUTCA
LeHTPaNbHOWM Hay4YyHOW NapagurMon cucteMHo bronorum

1 OCHOBHbIM MHCTPYMEHTOM AJ1A TEOPETUYECKOrO NCC/IEA0BaHNA

1 MOHUMAHUNA MeXaHN3MOB GYHKLMOHUPOBAHUA CITOXKHbIX KNBbIX
cucTeMm. YBennyeHve KonmyecTsa 1 CNOXKHOCTY STUX MOAeren
NPVBOANT K HEOBXOANMOCTY VX KOJIIEKTUBHON pa3paboTKu, MOBTOP-
HOFO CMOJb30BaHMsA, BeprduKaLmm, ONncaHnaA BblYNCIIUTENIBHOTO
JKCMeprMeHTa 1 ero pesysnbraToB. [py pa3paboTke popmaToB
npencTaBneHya 3HaHWIN AN MaTEMATUYECKOro MOAENMPOBaHMA
610N0rNYECKNX CUCTEM aKTUBHO MPUMEHAIOT OHTOIOrMYeckoe
MoZennpoBaHue npegmeTHol obnactu. B 3Tom cmbicnie oHTONOr IO,
CBSAI3aHHYI0 CO BCEI COBOKYMHOCTbIO pOPMATOB, 06eCcneunBatoLmx
NoAAepPKKY NCCNefoBaHNIN B CUCTEMHOM 61MOMOrMK, B YaCTHOCTU
KOMMbIOTEPHOE MOAENIMPOBaHVe GONOrMUECKX CUCTEM 1 NpoLiec-
COB, MOXHO CUMTATb NMepPBbIM MPUBANKEHNEM K OHTONIOMUW CUCTEM-
Holl 6ronorun. B o63ope KpaTko npefcTaBieHbl 0CO6EHHOCTM
npeameTHon obnactn (buonHbopmaTnKa, cucTemHasn bronorus,
6romeanLHa), OCHOBHbIE MOTUBALN B Pa3BUTUW OHTONOT I

1 Hanbonee BaXKHble MPUMEPbI OHTONOMMYECKOTO MOLENNPOBaHNA
1 CEMaHTMYECKOro aHasin3a Ha Pa3HbIX YPOBHAX MepapXmm 3HaHWIA:
MONEKYNAPHO-TeHETUYECKOM, KIETOYHOM, TKAHEBOM, OPraHOB

1 opraHusma. buonHdopmatrka n cuctemHasa 6uonorva ABAATCA
npeKpacHbIM NOJIMFOHOM A/1A OTPABOTKN TEXHONOTNI 1 3GPeKTUBHOrO
MCMOb30BaHNA OHTONOrMYeckoro mogenmposanua. Co3faHne
HeCKOJIbKIX AecATKOB 6a30BbIX CCbITOYHBIX OHTOMOIMIN U UX BEPU-
duKaLyAa NO3BONAIOT MCMONb30BaTb 3TV OHTONOTUN B KayecTBe
WNCTOYHMKOB 3HaHWUI ANA MHTErpauuy 1 NOCTPOeHUA 6onee CIOXKHbIX
Mogene npeameTHon 061acTy, OPUEHTUPOBAHHDBIX Ha PeLleHne
KOHKPETHbIX 3afa4 6uomeanLuHbl 1 6uoTexHonoruu. JanbHenwasn
dopmanvzauma 1 HakomeHVe OHTONOTMYECKNX 3HaHNI, a TaKkKe
ncrnosnb3oBaHme GopmasnibHbIX METOLOB X aHann3a MOTryT NOAHATb
BEeCb LiMKJ1 HAyYHbIX NCCIefoBaHWI B 06n1acTn cucteMHon bronorum
Ha HOBbIII TEXHONOTNYECKNI YPOBEHb.

KnioueBble CI0Ba: OHTONOMMYECKOE MOAENVPOBaHNE;
6ronHdopmMaTIKa; cucTemMHan bronorus.
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Computer simulation is now becoming a central
scientific paradigm of systems biology and the basic
tool for the theoretical study and understanding

of the complex mechanisms of living systems.

The increase in the number and complexity of these
models leads to the need for their collaborative
development, reuse of models, and their verification,
and the description of the computational experiment
and its results. Ontological modeling is used to
develop formats for knowledge-oriented mathema-
tical modeling of biological systems. In this sense,
ontology associated with the entire set of formats,
supporting research in systems biology, in particular,
computer modeling of biological systems and
processes can be regarded as a first approximation
to the ontology of systems biology. This review
summarizes the features of the subject area (bioinfor-
matics, systems biology, and biomedicine), the main
motivation for the development of ontologies

and the most important examples of ontological
modeling and semantic analysis at different levels

of the hierarchy of knowledge: the molecular
genetic level, cellular level, tissue levels of organs
and the body. Bioinformatics and systems biology

is an excellent ground for testing technologies

and efficient use of ontological modeling. Several
dozens of verified basic reference ontologies now
represent a source of knowledge for the integration
and development of more complex domain models
aimed at addressing specific issues in biomedicine
and biotechnology. Further formalization and onto-
logical accumulation of knowledge and the use

of formal methods of analysis can take the entire
cycle of research in systems biology to a new techno-
logical level.

Key words: ontological modeling; bioinformatics;
systems biology.



OSIBJICHHE Ka4eCTBEHHO HOBBIX BO3MOXKHOCTEW JUIs

MIPOBEACHUSI NCCIIEN0BAHUM, OCHOBAHHBIX HA HCTIOJIb-

30BaHNH BBICOKOITPOU3BOIUTEIILHBIX SKCIIEPUMEHTAIb-
HBIX TEXHOJIOTMH MacCOBOTO NMapajieIbHOTO CEKBEHUPOBAHUS
JIHK, MHOTOJI0KyCHOIO T€HOTUIIMPOBAHUsI, MHOTOIIapaMeTPH-
YeCKOTo NPO(MINPOBAHMS SKCIIPECCHH TEHOB C HCIIOIb30Ba-
nuem JIHK-uumos, ChiP-on-chip TexHosoruii, mpoTeoMHbIX
¥ MeTa0O0TOMHBIX TEXHOJIOTHH H JIP., TPUBEIIO K HAKOTIJICHHUIO
OecrpereZIcHTHO OONBIINX MacCHBOB AKCHEPHUMEHTAIBHBIX
JIaHHBIX U 3HAHUM.

OrpoMHBI 00beM MONIEKYISIPHO-0HOTOTHYECKONH HHPOP-
MalliH, ee CII0KHOCTh ¥ HAJIMYHUE OOJIBIIOTO YKciIa 0apbepoB:
TEXHOJIOTUYECKHUX, NHPOPMAIIMOHHBIX, PECYPCHBIX M T.I.
3aTPYIHSIOT €€ aHAJIN3, CHCTEMATH3aLUI0 ¥ TPUMEHEHHE A1
pelIeHus] KOHKPETHBIX 3a7a4 OnonH(pOpMaTHKH, OHOTEXHO-
JIOTHH, (apMakoJIOTHH, MEPCOHAIN3UPOBAHHON MEIMIIUHBI
1 11p. YTOOBI OCBONTB, CHCTEMAaTH3UPOBATH M (P HEKTUBHO UC-
TIOJTE30BaTh TAKOTO pojia MH(OpMAIHI0, HEOOXOMMBI HOBBIE
MOAXOIbI K 00paboTKe 6obinux gaHHbIX (BIG DATA), B yacT-
HOCTH aBTOMAaTHYECKNE METO/IbI CEMAaHTHUYECKON HHTETPalluK
TeTepPOreHHBIX JAaHHBIX, OTHIM M3 OCHOBHBIX 3TaIrlOB KOTOPOI
SIBJISIETCS COIJIAaCOBAHME INMOHSATUI NMpeIMETHOH 00J1acTH,
CHOCcO00B MX ONHMCAHUS M MCHONb30BAHUS (COMOCTaBICHNUE,
00paboTKa TaHHBIX U T.11.). Takoe coracoBaHHOE ONMUCAHUE
KOHKPETHOM MpeMETHON 00IaCTH Ha3bIBAIOT OHTOJIOTHEH.

Pa3paboTka OHTONIOTHH SIBIISIETCS CIIOKHBIM M 3aTPAaTHBIM
nporieccoMm. I1epBblii aTar 3Toro rmporecca — OHTOIOTHYECKUI
aHaJM3 ¥ MOJICIIMPOBAHKUE NPEIMETHON 00JIaCTH, BKIIIOUAs
CO3/1aHME CIIOBAPsI TEPMUHOB, TOUHBIX MX OTPEICICHHHN 1 B3a-
MMOCBSI3€H MEXly HIMH, TIPaBHJ U OTPaHHMUYCHUH, COTJIACHO
KOTOPBIM Ha 0a3e BBEICHHON TEPMHUHOJIOTHH (HOPMUPYIOTCS
JIOCTOBEPHBIE YTBEP)KJICHUS, ONMCHIBAIONINE COCTOSHUE
N3y9aeMOro 0OBbEeKTa.

Jliist gero xe Hy>kHbI OHTOJIOTMH? OHTOIOTHH MO3BOJISIIOT
MPE/ICTABUTH TOHATHS B TAKOM BHJE, YTO OHHU CTAHOBSATCS
MIPUTOTHBIMH JUTSI MAIIMHHOW 00paOO0TKH 1 BCIIEICTBHE 3TOTO
HCTIONB3YIOTCS B Ka4eCTBE NMOCPEAHNKA MEXIY MOJIb30BaTe-
eM ¥ MHPOPMAIIMOHHON CHCTEMON WM MEXIY WICHAMU
HAy4YHOTO coo0IIecTBa Ipu 0OMEHE JaHHBIMH. MoJeKy-
JSIPHOMY OMOJIOTY Ba)KHO MMETh BO3MOXKHOCTbH OIUCHIBATH
MOJIEKYJIAPHBIE COOBITHSI, B3aNMOICHCTBYOIINE KOMITOHEHTBI,
pOJIN, KOTOPBIE UIPAIOT 3TH KOMIIOHEHTHI B MOJICKYIISIPHBIX
COOBITHSIX U IIpOLIecCcax, OLlEHUBATh TUNOTE3bl. buonndop-
MaTHK 3aMHTEPECOBAaH B MHTETPAMM JAHHBIX, KOMIIbIO-
TEpHON aHHOTAIMH, MOJICITMPOBAHNH MIPOLIECCOB M CHCTEM.
OO0111e3HaYMMBIMH TOTPEOHOCTSIMHU SIBJISIETCSI HCIIOJIb30BAHUE
OHTOJIOTHI B 00pa30BaHHU.

CucremHasi OMOJIOTHS KaK Hay4yHas TUCLUILIMHA KakK pa3
1 BO3HUKJIA C MOSABJICHNEM BO3MOKHOCTEH MOCTPOCHUS TIOP-
TPETHBIX MOJIeNell OMOIOTHUECKUX CHCTEM M MIPOILIECCOB Ha
OCHOBE MHTETPALIH K COBMECTHOTO KOMITLIOTEPHOTO aHAJIN3a
00JbIIOT0 00BEMa TAKOTO POJia MPUHIMITHAIBHO HOBBIX
9KCIIEPUMEHTAIBHBIX JAHHBIX, OMHMCHIBAIONINX MOBEJICHNE
MOJIEKYJISIPHO-TEHETHYECKUX CHCTEM B IiesioM. [Ipeamerom
MCCIIE/IOBAHMS B CHCTEMHOW OMOJIOTHH SIBIISIFOTCSI OHOJIOTHye-
CKHE 00BEKTHI ¥ (JOPMHUPYEMbIE UIMH CIIOXKHBIE, NEPAPXUIECKU
OpPTaHM30BaHHBIC CETH B3aUMOJCHCTBHI, KOHTPOIUPYEMBIE
nHdopmanuei, 3akopupoanHoii B reHomax (Kitano, 2002).

B cBsA3M ¢ 5TUM B HACTOSIIEE BPEMsSI OHTOJOTHYECKHM
AHaJIN3 CTAHOBUTCS OJIHUM M3 OCHOBHBIX HHCTPYMEHTOB OHO-

WHPOPMATHKH M CUCTEMHOUM OHOJIOTHH, UCTIOIb3YEMbIM ISt
CEMAaHTHYECKOW WHTETPAIlUH SKCIEPUMEHTAIBHBIX JaHHBIX
Y 3HaHUM C LENbl0 MOCTPOCHUSI «EAMHONW KapTUHBI MHPa»
(IMoaxonomusid, 2011).

(QopmanbHoe nNpeAcTaBieHNE OHTONOINN
B nH(pOpMaTHKe TEPMHUH «OHTOJIOTHS» 03HAYAEeT KOHIETITY-
AIBHYI0 MOZIEIh ITPEACTaBICHNS OOBEKTOB, CBOHCTB 0OBEKTOB
n otHomenui mexxay HuMH (Chandrasekaran et al., 1999).
OHTOJIOTHST BKJIFOUACT HAOOP MOHSITHH (TEPMUHOB) MpE/-
METHOH 001acTH, UX OMpeAeNeHIH 1 aTpuOyTOB, a TaKkKe
CBSI3aHHOE C HUMH MHOXKECTBO aKCHOM M IIPAaBHJ BBIBOJA
(Gruber, 1995).

Takum obpa3oMm, GopmambHas MOIENb OHTOJIOTHH — 3TO
YHOPsIIOYEHHAs! TPOMKa KOHEUHBIX MHOXKeCTB O = <T, R, >,
rae 7 — KOHEYHOE M HEIyCTO€ MHOXKECTBO KJIACCOB M KOH-
[enToB (MOHATHH, TEPMHUHOB) MPEAMETHON 00JIacTH Kak
YacTH peajbHOTO MHpa, PacCMaTpuBacMOi B Ipeienax 3a-
JIAHHOTO KOHTEKCTa (B HallleM cliydae — OnonHpopmarika u
cucTeMHasi OMOJIOTHA), KOTOPYIO OMHCHIBaeT oHTONOTHA O
R — KOHEYHOE MHOXECTBO OTHOMICHHH MEX/y KOHIECTITAaMU
3aJIlaHHOM MPeIMETHON 00JacTH; F' — KOHEYHOE MHOXKECTBO
(yHKIUI MHTEpIIpeTaly, 3aJaHHBIX Ha TOHITUAX H/HUIH
OTHOIIEHUAX OHTONOTHK O WM aKCUOM, UCTIOIb3YEMBIX JUIS
MOJCIIUPOBAHUA yTBep)KHeHHﬂ, KOTOPBIC BCCra SABJISAIOTCA
WCTUHHBIMH, YTO OIPAaHUYMBAET MHTEPIPETALNIO U o0ecTIe-
YHBACT KOPPEKTHOE MCIOIB30BAHNE OHSITHIA.

OnHuM 13 HanboJee MPOYKTHBHBIX TTOJIXO/I0B K IPEACTaB-
JICHUIO W WCIIOJB30BAHUIO 3HAHUI O MPEIMETHOH obmacTh
ABISIIOTCA JIecKpunTuBHBIe Joruku (JJ1), ompenenstomue
(hopMabHBIH SI3BIK JUIs1 ONTUCAHUSI TOHATHIA (KOHLIENT, KJacc,
KaTeropys WIN CyIIHOCTb) M OTHOIICHNH MEXIy HUMH (Ha-
3BIBACMBIX POJISIMH), YTBEPXKJICHHUH O (hakTax M 3armpocax
k HUM. Kpome 3Toro, B JIJI BXOAST KOHCTPYKTOPHI (OIepaLiim)
JUIS TOHSATUHHBIX BBIPAKCHNH, BKITIOYAIOIINE KOHBIOHKIIHIO,
JM3BIOHKIINIO M OTIpEeIeHIE OTHOIICHHH.

basbl 3HaHMIT peaMETHOH 00IacTH ¢ MO3UIUK JECKPUII-
THUBHOM JIOTHKH TTOJPa3/eNIAI0TCA Ha O0IINE 3HAHUSI O MHO-
JKECTBE KJIACCOB TOHATHH NMPEAMETHONW 00J1acTH, CBOMCTBAX
Y OTHOILICHUSIX MeXly HUMHU (terminological knowledge, mu
T-Box) u 3HaHWS 00 WHAMBHUIYATbHBIX O0BEKTaX (IK3EMII-
Jsipax Kiacca), MX CBOMCTBAaX WM CBS3SX C APYTMMH OOBEK-
tamu (assertional knowledge, win A-Box), T.¢. onuceIBarOT
MIPEeAMETHYIO 00JIacTh Ha YpOBHE KOHKPETHBIX JaHHBIX (0a3a
JTaHHBIX). B 0a3e 3HaHMiT 00€ KOMITOHEHTHI B3aUMOCBSI3aHBI.

B o0uiem cityyae co3anue NpUKIIa HbIX OHTOJIOTHIA, OpH-
SHTHPOBAHHBIX Ha KOHKPETHYIO MPEIMETHYIO 00IaCTh, MOXKET
OBITH CYIIECTBEHHO YCKOPEHO, €CJIM HCIIOIb30BaTh PaHee
pa3paboTaHHble KAaHOHHYECKHE (CCHUIOYHBIE) OHTOJIOTHUHU
JUIS TTIOCTPOEHUSI OHTOJIOTHYECKUX KJIACCOB M OTHOUICHUH
MEK/1y HUMHU.

B yacTHOCTH, B Ka4eCTBE TAKOTO POJia CCHUIOYHON OHTOJIO-
THH MOXET OBITh OHTOJIOTUSI BEPXHETO YPOBHS MITH OHTOJIOTUS
0a30BBIX 3HAaHHI, B KOTOPOH OITUCHIBAIOTCS Hanboee ooIue
KOHIIENITHI (IIPOCTPAHCTBO, BPEMsI, MaTepusi, OObEKT, CUCTe-
Ma, COCTOSTHHE, TIOBEIEHHE, COOBITHE, MpoIlece, AeiicTBHE,
CTPYKTYpa, GYHKIHNS U T.T1.) U OTHOIICHHS («4aCTh—IIEI0E»,
«0011ee —4aCTHO®Y, SBIISIETCS MOJKIACCOMY, «OKA3bIBAET
BO3JCHCTBHEY, «SBISIETCS] MPUUNHOI, «IIPUBOAUT K», «pe-
TYIUPYET», «CBSA3AH C», «IIOXOXKE Ha», a TaKXKe MPOCTPaH-

OuTonorun
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OHTONOrMn B 6ronHPpopmaTmKe
1 cuctemHow brionoruv

HJ1. NMopkonoaHbin
0O.A. NogkonopgHas

Tunbl oTHOLWEHWIA part_of v onpegenstowme nx ceorctsa (no: Winston et al., 1987)

CBoricTtBa

Tunbl oTHOWeHMA part_of

CTBEHHBIC M TEMITOpPAJIbHbIC OTHOUICHUS W T.II.). DTH KOH-
LENTHl HE 3aBHUCAT OT KOHKPETHON NPOOJIeMbl MM 00J1acTH,
MO3TOMY MPEJICTABIISETCS Pa3yMHBIM YHH(DUIIMPOBATH UX IS
OOJIBIINX COOOIIECTB TOJIB30BATEIICH.

MpoekT Open Biological Ontologies

Llensro mpoekTa Open Biological Ontologies (OBO) siBnsiercst

pa3paboTka YHUDHUIIMPOBAHHBIX ITOIXO0B JJIs CO3IaHMS OH-

TOJIOTHA, METO/IOB NX MHTETPALIUH, & TAKKE HHCTPYMEHTAIIb-

HBIX cpescTB padotsl ¢ HuMHu (Bada, Hunter, 2007; Smith et

al., 2007). B OBO conepxutcst uHGOpMaIus 00 OHTOJIIOTHIX

U TIPOEKTaX, KOTOPbIE BBIIOIHIIOTCS B 00JaCTH OHOJIOTHH

(http://obofoundry.github.io/).

B nHacrosiee Bpemst B OBO omncano 6onee 70 onroso-
THH 110 pa3JIMYHBIM HalpaBJICHUSAM, BKIIOYas aHATOMHUIO,
OMOXMMUIO, OMOIOTUYECKUE TIPOLIECChl, (PYHKIIUH U TOCIIe-
JI0BaTeIIbHOCTH, 3a00JI€BaHUS, OKPY’KAIOILYIO0 CPELLy, SKCIICPH-
MEHTAaJIbHBIE JOKa3aTeIbCTBA, HEHOTHII, OSIIKH, TAKCOHOMHUH
u 11p. (Schober et al., 2009).

Just obecrieueHnsi COBMECTHMOCTH pa3padarbiBaeMbIX B
OmomMeaUIIMHE OHTOJIOTHH B pamkax mpoekra OBO mpemo-
JKEHBI PEKOMEH/JIAIMK 10 CTaHIapTU3ALUH, HCIOIb3YEMbIM
OHTOJIOTMYECKUM OTHOIICHMSIM. 3a1aloTcs (popMasbHbIe
CBOMCTBA OTHOILEHUH, KOTOPbIE MOKHO MCIOJIb30BaTh MpPHU
JIOTMYECKOM BBIBOJIC HOBBIX YTBEpiKAeHHH. B dacTHOCTH,
MPUHUMAETCS, YTO OTHOLICHHS part of N is_a TPaH3UTUBHBI,
pedIIeKCUBHBI, aHTUCHMMETPHYHBI.

OjnHako Ha caMOM Jielie B 3aBUCHMOCTH OT JaJbHEHIIero
YTOYHCHUA CEMAHTHUKU OTHOILIEHUHN U cneumbm{n UX IIpUME-
HEHU, CBOMCTBA 3THX OTHOIICHUII MOT'YT HE BBIITOJIHATHCS.
Jaxe Takue pacnpoCTpaHCHHBIC OTHOLICHUS, KaK part of
U iS_a, AMEIOT Ha NPAKTUKE Pa3IUYHbIE UHTEPIPETALIUU.
B sTOM cnydae cBolicTBa TPAaH3UTHUBHOCTU MOTYT Hapy-
marbes. C 9THM CTONKHYJIHUCH pa3paboTunku mpoekta Gene
Ontology (GO), korma mpucTynuid K GopMaIn30BaHHON
nposepke ee onronorun (Smith et al., 2003).

Huxe mpeacTaBieHbl HEKOTOPBIC MPOOIEMbI, KOTOpPbIE
Bo3HUKIM B GO 1pu MHTEpIpETALNK OTHOILEHHUS part of:
P1. A part of B o3Ha4aeT: A nHOTAA ABISIETCS YaCThIO B, T.€.

JUTSL K&XKI0T0 A B HEKOTOPOE BpeMst t A SIBISETCS 4acThIO B.

[pumep: «replication fork» part of «nucleoplasmy («Buika
perTuKanum) HaOMI0TaeTCsl B ONpeaesieHHOH (asze KieTod-
HOTO ITHKJIA).

P2. A part_of B o3nayaet: A Mmoxer ObITh 4acThio B. Kitacc
A sBIsIeTCS 4acThIO Kacca B Toraa U TOJNBKO TOTNA, CIIH
cyuectByeT nojakiacc CC B, B KOTOPOM BCE IK3EMILISIPBI
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A BKJTIOUEHBI KaK 4acTh B 9K3eMIUIPBI C U BCE 3K3EMILTAPHI
knacca C MMEIOT KaK 9acTh AK3eMIUTAPHI Kiacca 4.
[pumep: «flagellum» part of «cell» (HekoTopbie THIIBI

KJIETOK BKJIFOYAIOT KaK YacTh KI'YTHKH).

P3. A part of B o3Hauaet: A Bceraa ABISACTCSA 9acThio B.
[Ipumep: «membrane» part of «cell» (memOpana siisiercst

Y4acThIO JTIFO00H KIIETKH).

Jnist paspemienuss 3TUX NpoOIeM B HACTOSIIEE BpeMs
B GO BBomsiTCs Ooiyiee crienu(UYHBIC OTHOIICHUS THIIA:
is_localized in vwnu is_involved in.

Amnanorngao B GO BO3HUKIH TTPOOIEMBI HHTEPIIPETAIHH
OTHOILCHHUS iS_@. XOPOIIO CTPYKTYPUPOBAHHAS KJIacCU(HKa-
LIs1 MOYKET OBITB TTOJTyYeHa ITyTeM 3aMEHbI OTHOILICHUS iS_ @ Ha
crienraIbHbIC TUIIBI, HanlpuMmep: has_role, is_dependent on,
is_involved_in, contributes to,is located in, aTaxxe 1006aB-
JICHUS pa3JIMUHbIX KaTeTOPUM CYLTHOCTEH: sifes, constituents,
roles, functions, qualities.

B o6miem ciryuae juist pasperieHus 3Tux npooieM Tpedyercst
YTOYHEHHE CEMaHTUKH STUX OTHOIICHHUH, NCTIOIB3YeMOW PU
pa3paboTke KOHKPETHOI OHTOJIOTHH.

CymecTBYIOT pa3jM4yHbIe MOMBITKH yTOYHEHHS CEeMaH-
TUKHW OTHOIIEHHH part of W is_a u ux kiaccuukanum s
pa3pemeHns] TUIOBBIX KOH(IMKTOB M HAapyIIEHUH CBOMCTB
9TuX oTHOWeHM. B craThe (Winston, et al., 1987) BBeeno 6
pa3IMYHBIX TUIIOB OTHOIICHUS part of (Tabnuia) Ha OCHOBE
CJICTYOIINX CBOWCTB MII KPHUTEPUCB:

« «Functional» BeIONTHSETCS, KOT/Ia YaCTH B CIIEIM(HUIECKOH
IIPOCTPAHCTBEHHOM WJIM BPEMEHHOM JIOKAIU3aLu1 BBIIIOJI-
HSIOT TaKylo ke (D)yHKIIMOHAIBHYIO POJIb, KaK U IIEJIOE.

« «Homeomerous» BBITIOIHAETCSI, KOTZIa YaCTH MTOTOOHBI KaXK-
Jast APYT APYTY U LEIOMY, KOTOPOMY NPHHAJICHKHUT.

 «Separable» BBITIOMHSIETCS, KOTA 9acTH MOTYT OBITH (H-
3MYECKH HE CBS3aHbI M XOTsI ObI B IPUHIIUIIE OTJICJICHBI OT
[EJI0T0, KOTOPOE OHH COCTABJISIIOT.

[IpoGmemMbl ¢ TPaH3UTHBHOCTHIO OTHOMICHHS part of
BO3HHUKAIOT, KOI/Ia KOMOMHUPYIOTCS Pa3In4HbIe THITBI OTHO-
HIeHu part of. B o0iem ciiydae TpaH3UTUBHOCTD JIOJKHA
MIpeIoararbes, N0 KpailHel Mepe, TOraa, Koraa UCIoIb3y-
I0TCSI OTHOILCHHUS part of TOTO e THIA, T.€. UMEIOT T JKe
CBOMCTBA.

B 3aBucuMocTH OT 0COOCHHOCTEH MpeAMETHOH 00IacTH
MO)KHO HCIIONIB30BaTh JApyrue Habopbl CBOMCTB, ONpeness-
IONIMX KIJIACCHI OTHOIIEHHS part of, Hampumep: configura-
tional, encapsulated, exchangeable, functional, homeomerous,
homogeneous, mandatory, canonically necessary, removable,
segmental, separable, shareable.
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B 6uonH(popmaTrke 1 CHCTEMHOM OMOJIOTUH TPAJAUIIMOHHO
IINPOKO UCTIONB3YIOTCS MPEICTABICHHSI OHTOIIOT U Ha SI3bIKE
OBO. B nocnennee BpeMst MHOTME OHTOJIOTHY TPAHCIUPYIOTCS
B nipencraniieHue Ha si3bike OWL (Ontology Web Language)
(Stevens et al., 2007). I'maBHO#1 TIpoGIIEMOM TTPH TAKUX TIpe-
00pa30BaHMAX SBISCTCS HAINYNE OMIMOOK, TPOTUBOPEUN 1
HapyLIEHU! UHTEpIpeTaluil oTHOLIECHUN. Mcnonb3oBanue
(hopManbHBIX METOJOB MOMCKA MPOTUBOPEUUH, HETIOIHOTHI
TIO3BOJISIET CYIIECTBEHHO YJTyUIINTh KAUeCTBO ONUCAHUH.

Pa3Butne oHTONOMMIN B 6IONHPOPMaTUKe

B Hacrosiiee Bpems B o0nacTi OHOJIOTHH pa3pabdoTaHo He-
CKOJIBKO COTE€H OHTOJIOTMH, KOTOPBIE MOXXHO HCIOJIb30BATh
JUIS OTIMCAHMS M MHTETPALIMN 3HAHHH, a TAKKE BEIBOZIA HOBBIX
3HaHUIL.

B uactHOCTH, pa3paboTaHbl U aKTMBHO HCIOJIb3YIOTCS
OronH(pOpPMAaIMOHHBIE PECYPCHI M OHTOIOTHH, TIO3BOJISIOIIIE
OITUCBIBATh MOJICKYIISIPHBIC CTPYKTYPBI, (DYHKLIHH, IPOLIECCHI
u rennsie cetu (GO).

Onromoruu MIAPE (Minimum Information About a Pro-
teomics Experiment) (Taylor et al., 2007) u MIMIx (Minimum
Information required for reporting a Molecular Interaction
eXperiment) (Orchard et al., 2007) mpeanoxkeHns! padoueit
rpymmoit Human Proteome Organization (HUPO) s onm-
CaHUuA MPOTCOMHBIX I/ICCHeHOBaHI/Iﬁ 1 DKCIICPUMCHTOB I10
MOJICKY/IAPHBIM B3aMOJAEIHCTBHAM COOTBETCTBEHHO.

He6onpmas onronorus Bepxuero yposHs BFO (Basic
Formal Ontology) npennasznadena Juist pa3pabOTKH OHTOJIO-
T'Hii, OPUEHTHPOBAHHBIX HA MOUCK M MHTETrPALMIO HayYHBIX
nanubix. BFO yxe ncnone3zoBanack 1iis pa3pabotku Oonee
130 onTONOTMH B pasHbIX nmpeameTHbix obmactsax (http:/
ifomis.uni-saarland.de/bfo/).

basa 3nanmit ChEBI (Chemical Entities of Biological Inter-
est) BKIIIOYAET OHTOJIOTHIO MOJIEKYJIIPHBIX OOBEKTOB — IIPH-
POIHBIX COSIMHEHUH WM CHHTETHYECKHX IPOXYKTOB, BO3-
JICHCTBYIOLIHMX Ha TPOLIECCHI B )KUBBIX OPraHU3MaXx, BKITIOUast
Jt00bIe YHUKAJIBHBIE 110 CTPYKTYPE MIIM H30TOITHOMY COCTaBY
aTOMBI, MOJIEKYJIbI, HOHBI, HOHHBIE NAphl, paJUKajbl, HOH-
pauKaibl, KOMIUIEKCHl, KoH(popmeps! U T.11. (https:/www.
ebi.ac.uk/chebi/). ChEBI B Hacrosiiee Bpems (release 131)
BKITIOUaeT 46477 MOTHOCTHI0 aHHOTHPOBAHHBIX MOJICKYIISIP-
HBIX OOBEKTOB.

Ouronorus kinerodnsix THios CL (Cell Type Ontology), o
CYTH, ABIISIETCS CTPYKTYPHUPOBAHHBIM KOHTPOIUPYEMBIM CIIO-
BapeM, BKIIFOYAIOIIMM OMUCAHUE KICTOYHBIX THIIOB Pa3Jiiy-
HBIX BUAOB OPraHU3MOB — OT IPOKAPUOT A0 MIICKOIIUTAIOIINX
(http://www.obofoundry.org/cgi-bin/detail.cgi?id=cell).

Ownronorum, pazpadorannsie B pamkax KEGG (Kyoto En-
cyclopedia of Genes and Genomes) (Kanehisa et al., 2004),
OpPUEHTHPOBAHBI Ha MIHMPOKYIO 00JIACTh MOJIEKYIAPHOH O1o-
JIOTUH — OT TCHOB M OCNKOB 10 METa0OIMYECKUX U TeHHBIX
cereii. basa 3nanuit TAMBIS (Transparent Access to Multi-
ple Bioinformatics Information Source, http://www.cs.man.
ac.uk/~stevensr/tambis/) pexocTaBIsIET 1MOJIB30BATENSIM-
OMoJIOraM eMHYI0 TOUKY JIOCTYHa K MUPOBBIM HCTOYHHUKAM
Omonornyeckoil HHPOPMAITIH, KOTOpass HHTETPUPYETCS B
paMKax 3TOW CHCTEMBI C IIOMOILBEO OHTOJIOTHYECKOTO OMUCa-
Hust (Stevens et al., 2000). EcoCyc — 0a3a Hay4YHbBIX TaHHBIX,
B KOTOPOIl HakaruimBaeTcsi HHGOpMaLHs, OoIyYeHHas B pe-
3yJIbTaTe aHHOTUPOBAHUS HAYYHBIX MyOIHKALUHA [0 TCHOMY
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E. coli, perynsiiun TpaHCKPUIILINY €€ TEHOB, TPAHCIIOPTHBIM
u Metabommyeckum myTsaMm (Karp et al., 2014).

Sequence Ontology (SO) BKIIF0OYaeT MHOKECTBO MTOHSTHH
1 KOHTPOJIMPYEMBIX CHOBapeﬁ, HCTIOJIb3YEMbIX I OTIMCaHU
CBOMCTB M NEPBUYHOIl aHHOTAMK HYKJICOTHIHBIX WU Oell-
KOBBIX [TOCIIE/IOBATEIILHOCTEH, CTPYKTYpPHOTO TIPEICTAaBICHUS
OTHUX aHHOTa]_II/Iﬁ B I'€CHOMHBIX 68.38.)( JJaHHBIX, MyTaI_II/Iﬁ B
000MX THIIaX MOCJIEAOBATEILHOCTEN U HA 00JIe€ BHICOKOM
yposae (Cunningham et al, 2015).

B pamkax Mouse Atlas Project pazBuBarotest 1udpoBoii at-
7ac 1 6a3a JaHHBIX 00 YKCIPECCHY I'€HOB MBIIIH U KJIETOYHBIX
JVHUSX C ONMCAHWEM aHaTOMHYECKON JIOKaJIM3aluH KIETOK
(Graham et al., 2015).

Onronoruss MGED (Microarray and Gene Expression Data)
UCTIONB3YETCS ISl OTIMCAHUS HKCTICPUMEHTOB U JaHHBIX T10
skcrpeccun renos (Whetzel et al., 2000).

MIAME (Minimum Information About a Micro-array
Experiment) ucronb3yeTcst Ul OMHCAHKS SKCIIPECCHOHHBIX
naHHbIX (Brazma et al., 2001).

B 6a3e 3nanmit PharmGKB (https://www.pharmgkb.org/)
npencTasieHa nHGopmarys o papmakoreneruke (Klein et
al., 2001).

Hemnsro mpoekra Cell Cycle Ontology (Antezana et al.,
2009) siBisieTcsl pacIIMpeHHe CYIIECTBYIOIINX OHTOJOTHH,
CBA3aHHBIX C KJIICTOYHBIM IIUKJIOM, JIJI1 UHTEIpalliy U yIipaB-
JIeHHs 3HAHUSAMH O €T0 KOMITOHEHTAX U PEeTYIATOPHBIX aCIeK-
Tax. B KauecTBe MCTOYHHMKOB 3THUX 3HAHWH HCIIONB3YIOTCS
yxke cymectBytorue pecypest (GO, UniProt, IntAct, BIND,
NCBI taxonomy u ap.). aTErpamus U KOMOWHAINS THX
3HAHWH NO3BOJISTIOT TIPECTABIATH HANOOJIee ITOIHYI0 KapTHHY
MPOLIECCOB JICJICHUS KIICTKH.

AHatoMHYecKue 1 MOP(HOIIOTHIECKIE OHTOJIOTUH ISl MO-
JIETTbHBIX OPTaHM3MOB SIBIISTIOTCSI BXKHEHITMMHU MIPUMEpaMu
OHTOJIOTHYECKOTO MOZICIIMPOBAHUS, B KOTOPOM HCIIOJIb3YET-
cs GompIoe pasHooOpasme MPOCTPAHCTBEHHO-BPEMEHHBIX
OTHOIIEHUH.

B uactHOCTH, OcHOBHas Mojenb anatomuun FMA (Foun-
dational Model of Anatomy ontology) siBisIeTCSI CCHUIOYHOMH
OHTOJIOTHEH, BKJIIOUAIOIIESH TOHSATHS U OTHOILICHHUSI, KOTOPBIE
HCIIONIB3YHOTCS U1l ONUCAHUSI CTPYKTYPHOM OpraHu3aluu
Tella YeJIOBEKa Ha Pa3sIMYHbIX YPOBHAX — OT MAKPOMOJIEKYI,
KJIETOK, TKaHH, OpraHa /10 OpraHu3Ma ¢ y4eTOM OHTOTreHe3a,
u Hpe;:[Ha3HaquH0171 JJIA CUMBOJIMYECKOTO KOMITBIOTCPHOI'O
MOJZICTMPOBAHIS aHATOMIYIECKUX CTPYKTyp (Rosse et al., 2003;
Rosse et al., 2007).

OnTtonorudeckue 3Hanus B FMA mpejacTaBieHbl B BUTE
(hpeiMOB M XpaHATCS B PEIAIMOHHON 0a3e maHHBIX. FMA
(http://sig.biostr.washington.edu/projects/fm/) Bxirogaet
OKOJIO 75 ThIC. aHATOMUUYECKHUX KjaccoB, Oosiee 130 ThIC.
YHHUKaJIBHBIX TEPMUHOB, 6oiee 205 TrIc. ppeitmoB u 174 yHu-
KaJIbHBIX CJIOTA, KOTOPBIE UCTIONB3YIOTCS JUTS IIPE/ICTABICHHS
Pa3JIMYHBIX THIIOB OTHOIIEHHWH, aTpuOyTOB M aTpHOyTHBIX
otHomreHni. Cets otHOmEeHNH FMA comepxurt 6omee 2,5 MitH
9K3EMITISIPOB OTHOIIEHHH, CBBIIIE | MITH 9K3EMITUISIPOB Kilac-
COB, 0k0J10 450 THIC. CBA3EH MEXKIY KIaccaMH.

Gene Ontology

B xauecTBe mpuMeEpa OAHOI0 U3 CaMbIX YCIICHIHBIX ITIPOCKTOB
co3mganus oHTONOrHH MoxHO mpuBecTH GO (http://www.
geneontology.org/).

OHTonoruun
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B cocraB GO Bxonsar 3 pazzaena:

* Monexkymsipras gynkuus (Molecular function) — snemen-
TapHas aKTHBHOCTH/33/1a4a MM POJIb, KOTOPYIO MOXET
BBITIOJIHATH T'€H, MPOJYKT I'eHa B KAaKUX-JIM00 Onosoruye-
CKHUX IIpoIieccax, Harpumep, «catalytic activity» nmm «Toll
receptor binding».

» buonoruueckue nporeccel (Biological process) omucei-
BAlOT CEPHUI0 COOBITHH, peanu3yIoNnX OTHY HIH Ooiee
OpPTraHN30BaHHBIX aHcaMOJIel MOJNEKYISIPHBIX (QyHKIHH.
B omnnune oT GyHKINHU NPOLECcC J0JHKEH UMETh HECKOJIb-
KO pazimyaronuxcs stanoB. Hampumep: «pyrimidine
metabolic processy.

» Kuerouynsie komnonents (Cellular component) kak 4acTb
AQHaTOMUYECKOM CTPYKTYpBI, B KOTOPOU ONMCHIBAETCS JIOKA-
JM3aLust TeHA WITH €TO MPOAYKTa B OPraHU3Me Ha yPOBHSX
KJIETOYHBIX CTPYKTYP U MAKPOMOJIEKYIISIPHBIX KOMILIEKCOB
(mammpumep, «nucleusy, «membraney) WK TPYTIIT TPOTYK-
TOB TEHOB (Hampumep, «ribosomey, «proteasome» HIN
«protein dimer»).

ITo cytn, GO mo3BoNSeT ONMHUCHIBATH 3HAHUS O TOM, KaKyIo
(yHKIMIO BBITIOIHSET reH win ero npoaykt (PHK, 6ernok) B
TOM WJIM UHOM OMOJIOTMYECKOM IIPOLIECCEe W TOW WIIM MHOW
KJIETOYHOH CTPYKTYpE.

GO conepxxur 60mnee 40 Teic. monsitrii (The Gene Ontology
Consortium, 2015), Bxitouas:

* Biological process — okomo 30 TrIC.;

* Molecular function — 6onree 10 ThIC.;

* Cellular component — 3 758.

Ha ocnoBe GO pazpaboran pecypc GOA (Gene Ontology
Annotation, http://www.ebi.ac.uk/GOA), KOTOPBI HCHIONB3Y-
ercs uist anHotauu 6enxoB 13 UniProtKB (UniProt Knowl-
edgebase). B mactosmee Bpems GOA Bkitodaer 368 miH
aggoranmi GO s nmouytu 54 mun Oenxos u3 480 TeIC. Tak-
conomuyeckux rpynn (Huntley et al., 2015).

OCHOBHBIE OTHOIIECHUSI MEKAY MOHSITHUSIMH, KOTOPBIE HC-
none3ytorest B GO, 310 is_a, part of v regulates.

* iS_a—TpPOCTOE OTHOIICHHUE KJIACC—MOJIKIIace», Te Ais_a
B o3nauaer, uro A sBisieTcs moakiaaccoM B.

e part of — OTHOIICHHUE «4YacThb—Ilesoe». Beipaxkenne A
part_of B o3Ha4aer, 4To eciu A CylIecTByeT, TO A Bceraa
ABIISIETCA 4acThio B.

* Regulates, positively regulates n negatively regulates
OIMMCBIBAIOT OTHOLICHUA MEXKIY 6I/IOHOFI/I‘16CKI/IMI/I mnpormec-
CaMu, MOJIEKYJISIPHBIMU (DYHKIMSIMU HITH OMOJIOTHUECKIMHU
CBOMCTBaMH.

B GO onuceiBaroTcs nepapxudeckue OTHOIICHHUS, OJJHAKO
rpad OTHOIICHHH He ABIseTCS 1epeBoM. OTHO TTIOHATHE MOYKET
MMETb HECKOJIBKO MpeikoB. CBOWCTBO TPAaH3UTUBHOCTH OTHO-
HIeHu, uenoiab3yemMsix B GO, MO3BOMISET CTPOUTH PELIETKY
OTHOIIECHUH MEXAY TOHATHUSIMU U BBIIOJIHSTH JTOTMYECKUI
BBIBOJ] O CBOICTBax MOHATHI M MX OTHOIIEHMAX (Srinivas,
2009).

OHTONOrNA cUcTeMHoN Guonorun

KoMmbroTepHbie MOJIENI CTAaHOBATCS LIEHTPATBHOM HAYYHON
MapagurMOi CHCTEMHOW OWOJIOTHH W OCHOBHBIM HHCTPY-
MEHTOM JUISI TEOPETHUECKOTO MCCIIEIOBAHUS M TIOHUMAaHUs
MEXaHU3MOB (byHKLIl/IOHI/lpOBaHI/Iﬂ CJIOKHBIX JKUBbBIX CUCTEM.
C yBenmueHHneM YHcIa U pa3MepoB 3THX MOJIENel Bo3pacTa-
€T HeOOXOJMMOCTh KOJUIEKTHBHOW pa3pabOTKH, TOBTOPHOTO
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UCIIONIb30BaHUsI MOJIeJIeH, X BepH(UKaIUK, ONHCAHHS Bbl-

YHCIIUTEIILHOTO SKCIIEPUMEHTA M €T0 Pe3yIIbTaToB.

[Tpn paszpabotke popmaToB MpenCTaBICHUS 3HAHUH JUIs
MaTeMaTH4eCcKOro MOJACIMPOBAHUS OMOJIOTHYECKHX CUCTEM
AKTHUBHO IIPUMEHSIOT OHTOJIOTHYECKOE MOICITUPOBAHHE ITPEI-
MeTHOU o0nacTH. B 3TOM cMbICIIE OHTOJIOTHIO, CBA3AHHYIO
CO BCeil COBOKYIMHOCTHIO (hOpMATOB, 00ECIICUNBAIOIINX O
JEPIKKY UCCIIEOBAHUN B CHCTEMHOI OHOJIOTUH, B YaCTHOCTH
KOMITBIOTEPHOE MOJICTUPOBAHNE OMOJIOTMYECKUX CHUCTEM H
MIPOLIECCOB, MOKHO CUMTATh MEPBBIM MTPUOIMKEHHEM K OH-
TOJIOTHU CHCTEMHOM OMOJIOTHH.

B Hacrosimem paszziene Mbl pacCMOTPHM OHTOJIOTUH CHC-
TEMHOW OMOJIOTHH, KOTOPbIE OPUEHTHUPOBAHBI HA OIHCAHKE
TeHETHYECKUX CUCTEM M UX MOJIEJICH.

MHorHe OHTOJIOTHH HE pa3pabaThIBalOTCS C HYJIs, a WH-
TErpuUpYIOT (MM KOMITMIIMPYIOT) yKe pa3paboTaHHbIEe paHee
YacTHBIE OHTOJOTUH, KOTOPBIE HCIOJIB3YIOTCS B Ka4eCTBE
0a30BBIX HCTOUYHHMKOB 3HaHMH. K HUM oTHOCSTCS (hopManu-
3a1Msl CTPYKTYphl MareMaTrueckux moaeneit (SBML), cran-
JapTH3ALMs OIMCAHNS KOMITOHEHT MOJIETH C KHHETHYECKOU 1
6uonorndeckoit Touku 3penus (SBO, GO, UniProt). Onnaxo
(hopManuzalys TOJIBKO CTPYKTYpPbl KOMIIBIOTEPHON MOJIEIH
HEA0CTAaTO4YHA JUIsl TIOAAEPKKU BCEH TEXHOJIOTHYECKON Lie-
MOYKH BBIYMCIUTEIHHOTO SKCIIEPUMEHTa U KOMITBIOTEPHOTO
MOJIEJIMPOBaHUsl B CUCTeMHOU Ouosoruun. Heobxomumo
(hopmanHu30BaTh NparMaTHYeCKue U TNHAMUIECKHIE aCTIeKThI
IpoLecca MOACINPOBAHUSL.

[Ipumepom crienuaaIu3upoOBaHHOTO IPOEKTA MO CO3JaHUI0
OHTOJIOTHH ISl CUCTEMHOW OHMONOTHH sBIseTCS Systems
Biology Ontology (SBO) (http://www.ebi.ac.uk/sbo/). Llens
[POeKTa — pa3paboTka KOHTPOIUPYEMbIX CIIOBApEH U OHTO-
JIOTUM, OPUEHTUPOBAHHBIX HA pELICHUE 3aJad CUCTEMHOMN
O6uonornn, 0COOEHHO B KOHTEKCTE KOMIIBIOTEPHOTO MOJICIIH-
poBaHusI.

SBO cocTonuTt 3 6 OPTOTOHANBHBIX KOHTPOIHPYEMBIX
cioBapeil, BKIIOYAIOIIKUX OMUCAHUE POJNIeH YYaCTHHKOB
peakumii (Harpumep, «reactanty, «producty», «modifiery),
3HAYEHHs KOJIMYECTBEHHBIX ITapaMETPOB MOAENECH peakuui
(mampumep, «kinetic constant»), TOUHYIO KJIacCH(pUKAIHIO
MareMaTH4eCKUX BbIP@KEHHH, KOTOPbIE ONKCHIBAIOT CHUCTE-
My (HampuMep, «mass action rate law»), THII HCTIOIB3YeMOH
cpensl MozpenupoBaHus (Hampumep, «logical framework»,
«discrete framework»), THIIBI CyIIHOCTEW CHCTEMBI (HaIpH-
Mep, «macromoleculey», «enzymey, «ligand») u B3anMozeii-
CTBHH B Hell (Harpumep, «processy, «biochemical reaction»,
«genetic interactiony», «relationship»). KonudecrBennsie
napaMeTpbl 1 MaTeMaTHYeCKHE BBIPAKEHHUS OIUCHIBAIOTCS
Ha s1361ke MathML 3.0 (http://www.w3.org/TR/MathML3/).

Maremarnueckasi MOZIEIb MOXKET OBbITh TPOAHHOTHPOBAHA
B SBO Ha mo0o#f cTaguy >KN3HEHHOTO IUKIa (OT BPeMEHH
CO3/IaHHMS JI0 PACIIUPEHUS U MOTHU(DUKALMN MOJEIH) ITyTeM
MOCJIE0BATENILHOTO PACIIMPEHUS €€ CEMaHTHKH.

MOXHO IPUBECTH IPUMEPBI APYTUX (HOPMATOB IPECTaB-
JICHUS! 3HAHUH W CBA3aHHBIX C HUMH OHTOJIOTHI CHCTEMHOMN
Ouonoruu:

» Systems Biology Markup language (SBML, http://sbml.
org) — opmar npeACTaBIeHUS CTPYKTYPbI OMOJIOTHUECKUX
mogeneit (Hucka et al., 2003).

» Biological Pathway Exchange Language (BioPAX, http://
www.biopax.org) — ¢opmar [uIs OrMcaHus U HHTETPalun
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UH(OPMALIH O MOJIEKYJISIPHBIX B3aUMOJICHCTBUSIX M OUOJIO-
rrgeckux npomeccax (Demir et al., 2010). OtoT moaxox nc-
MOJIB3YETCS IS IPE/ICTABIICHHUS 3HAHUIT B CYILIECTBYFOLINX
6azax manueix (BioCyc, BIND, WIT, aMAZE, KEGG,
Reactome u T.1.), BAXKHBIX Ul ONHCAHUS MEXaHU3MOB
9KCHPECCUH TCHOB.

* Minimal Information Requested In the Annotation of bio-
chemical Models (MIRIAM) (Le Novére et al., 2005) —
(dbopmart A7t CTaHIApTU3ALUH MUHUMAJIBHOTO MHOXKECTBA
uHpOpMAIMK, HEOOXOJUMOH JIJIsl aHHOTAMK MOJIENIN U
o0ecriedyeHus] BOBMOKHOCTH KOJIJIGKTUBHOM aHHOTAIHH,
KypHPOBaHHS M Pa3BUTHS, & TAK)KE TIOBTOPHOTO HCIIOJb-
30BaHUSI MOJIENICH.

* Simulation Experiment Description Markup Language
(SED-ML, http://sed-ml.org/) — dopmar mis onucanus
9KCIIEPUMEHTOB 110 MOJICJIMPOBAHUIO 1 OOMEHY pe3yibTa-
TaMU MOJECJIUPOBAHUS HE3aBUCHMO OT HCIOJIb30BAHHOTO
sI3bIKa CHICHU(DUKAIUE MOJCIH M CPEIbl MOJICITUPOBAHUS
(Waltemath et al., 2011).

* TErminology for the Description of DYnamics (TEDDY,
http://www.ebi.ac.uk/compneursrv/teddy) (Chelliah, En-
dler, 2009) — oHTOJIOTHS ISl OMUCAHUS TUHAMUYECKOTO
TIOBEJICHHS OMOIOTHYECKOH CHCTEMbI TN ANHAMHYECKOTO
SIBJICHHMS, YIIPABIICHUS SIEMEHTaMU OUOIOTHYECKOM Mojie-
JIM U CUCTEMBI B CHCTEMHOW ¥ CHHTETHYECKOW OMOJIOTHH.
B uwactHOCTH, Hcnonk3yst TEDDY, MOXKHO KOJIMYE€CTBEHHO
OIHCHIBATh XaPAKTECPUCTUKH OHOIOTMYECKON CUCTEMBI HITH
MOACJIN: TUIT OCLUIIIIALINNA (XaOTl/I'-IeCKaH, nepuoauvcckas,
KBa3HUIIEPHOINYECKas U T.7.), 00JacTH OCUMIUIAINH, TIe-
PHOJI, TOYKH MOKOSI WJIM HECTaOMIBHOCTH, OH(ypKalUH,
3aBUCAIIME OT IMapaMeTpoB, q)yHKI_ll/IOHaJ'ILHLIe MOTHUBBI
(mampuMep, OTpHLIATEeIbHBIE 0OpaTHBIE CBSI3H) U T. II.

* Kinetic Simulation Algorithm Ontology (KiSAO, http://
biomodels.net/kisao/) — OHTOIOTHSI AJ1s OIIUCAHKS AITOPHT-
MOB MOJIETTHPOBaHMs KHHeTHIecKknx mporeccos (Chelliah,
Endler, 2009). Knaccudukanus anropuTMoB MOJEIHPO-
BaHus Ouosornueckux moxeneid B KiSAO moctpoeHa
C HCIIOJIb30BAaHMEM DPA3IMYHBIX KaTETOPHUH M C y4eTOM
Bepcuit anroputMoB. Hampumep, aeTepMUHUPOBAHHBIC
WIN CTOXaCTUYECKHE TpaBUIIa, MPOCTPAHCTBEHHbIE WU
HENpOCTPAaHCTBEHHBIE ITOIXO/BI, IUCKPETHBIE MIIH HElpe-
PBIBHBIC ITEPEMEHHBIC, (PUKCHPOBAHHBIC HJIH alalTHBHbIC
BPCMCHHBIC 1IIarn U T. 1.

» Systems Biology Graphical Notation (SBGN, http://www.

sbgn.org) — dopmar ams rpaguUecKoro MpeacTaBICHUs

ouonornueckux cuctem u npoueccos (Dada et al., 2010).

SBRML (www.comp-sys-bio.org/tiki-index.php?page=

SBRML) — ¢dopmar aist coxpaHeHus: pe3ysIbTaToB Mojie-

smuposanus (Orchard et al., 2007).

CelIML (www.cellml.org) — dopmar aist onmcanust mate-

MAaTHYECKUX MOJIeTIeit OMOIOrMYEeCKIX CHCTEM M IPOLIECCOB

(Lloyd et al., 2004). /15t npencTaBieHust MATEMaTHYECKUX

BeIpakenuit B CellML ucmonssyercs s361k MathML.

Cconounsie ontonorun, GO, SO, Chemical Entities of

Biological Interest (ChEBI), FMA, FMP, CPRO, PaTO, Pro,

RnaO, CARO, onmceiBaroIie OHOJIOrHYECKHE CUCTEMBI Ha

Pa3IMYHBIX YPOBHSX, MOTYT OBITh HHTETPUPOBAHBI B CIIMHYO

OHTOJIOTHUIO JIJIs OTTMCAHMsI O0BEKTA NCCIIEI0BAHMUS CHCTEMHOM

Omonoruu (OpraHu3M, OpraH, TKaHHU, KIICTKH).
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anIMEHEHI/Ie OHTOJNIOrNIN B CUCTEMHOI Bronorun

1 6ronHpopmaTuKke

B nesiom B OnonH(pOpMATHKE ¥ CHCTEMHOMN OMOIOTHH MOYKHO

BBIJICIINTH CIIEAYIOIINE 33/1a9H, B PELIICHUH KOTOPBIX IPHMe-

HEHHUE OHTOJOTHH gaeT omyTuMblid 3ddekr (Bodenreider,

Stevens, 2006; Bodenreider, 2008; Beck et al., 2009; Noy et

al., 2009; TTonkomomusrit, 2011).

1. UaTepnperanns MOJCKYISIPHO-TEHETHYECKUX 3HAHUM,
CECMAHTHUYCCKad UHTCPIIPETALIA MECTOJOB aHAJIN3a JaHHBIX
M MOJIEJIEH B CHCTEMHOM Onosiornn. B gacTHOCTH, aHAIN3
oborammenus reHoB TepmuHamMu u3 GO (GO Enrichment
Analysis) UCTIOIB3y€TCsI sl MHTEPIIPETALUK JaHHBIX (Ha-
npumep, PYyHKIMOHATIBHOE ONMCAHNE MHO)KECTBA T€HOB),
KOHTPOJISI Ka4eCTBa, CHCTEMATH3alluy M 0TOOpa JaHHbIX.

2. IlpuopuTH3anus reHoB, OeIKOoB, OHOMAPKEPOB U T. .

3. AHanmu3 cX0[CTBa U KJIaCTepHu3aIus 00beKTOB. B kagecTBe
TIpUMepa MO>KHO TIPUBECTH aHAJIN3 YPOBHSI DKCIIPECCHH JIe-
CATKOB TBICAY 'CHOB B PA3JIMYHBIX KJICTOYHBIX CUTYyallUAX,
TIPY Pa3HbIX COCTOSTHUAX U HA PA3JIMYHBIX 3Talax pa3BUTHS
KJICTKH, TKAaHH, OpraHa Wi opranusma. [locie Bbienenuns
TPYTIIBI TEHOB CO CXOKUMHU TaTTepHAMHU IKCTIPECCHH (KO-
9KCTIPECCUPYIOIINECS TEHbI) BOZHUKACT 3a/1a4a ONMCAHUS
oTHX rpynn. McnonszoBanne GO mo3BonsieT onucarb, B
peanu3anuy Kakux (yHKIUH y9acTBYIOT T€HBI, BXOSIIIIE
B kiacrep (Khatri, Draghici, 2005). ITo cyTu, ncnomns3ys
OHTOJIOTHH, MO’KHO KOJIMYECTBEHHO OLIEHUBATh CEMaHTH-
YECKOE CXOJICTBO OOBEKTOB MPEAMETHON 00IaCTH.

4. [Mognepsxka HHTEpOTIEPaOSIEHOCTA M 0OMEHa 3HAHUSMHU:

YHADUIMPOBAHHBIA JOCTYI K MHOXKECTBAM T'eTEPOTCHHBIX
HCTOYHHKOB TAHHBIX,

MIOMCK peJIeBaHTHOM nH(popManmu B 1oKyMeHTax. OHTOIOTHS
B 9TOM CITyYae 3a/J1aeT CTPyKTYpY JUIsl aHHOTAIIMH COiepkKa-
HUS IOKyMEHTa C CEMaHTHUYECKOW HHPOpMAITHEH, a TAKKe
obecreynBaeT WHACKCUPOBAHUE W CBI3BIBAHHE (PAKTOB,
OINMUCAHHBIX B 0a3ax maHHbIX (Shah et al., 2009);

MHTEerpanusi HHGOPMaIMU U3 Pa3INYHBIX HCTOYHUKOB U CO-
37aHKe OoNbIINX 0a3 3HAHUIL;

KOMOMHHPOBaHHE YKCIICPUMEHTAIBHBIX JAHHBIX U 3HAHUH 13
OHTOJIOTHH 1 (hopMuUpoBaHus 6a3 3HAHUM;

MHTEPOINEpadenbHOCTh, OAEPKKAa KOMMYHHUKAIIUN (MEXKITY
JIIOJIbMU ¥ OPTaHU3alUsIMH) 1 0OMEHa 3HAHUSMH (MEXITy
JIFOIBMH /WA CUCTEMaMH);

aHaIN3 TeKCTOB U ceMaHTHueckuii ananm3 (Chapman, Cohen,
2009);

npuoOpeTeHne 3HaHUi, N3BJICUCHNE 3HAHUN, HEIBHBIX U SB-
HBIX OTHOLIEHUH MEX/y CYIIHOCTSIMU B @aHHOTHPOBAHHBIX
WCTOYHMKAX, aHATUTHKA.

5. Co3nanye HOBBIX OHTOJIOTHI HA OCHOBE IOBTOPHOTO HC-
TI0JTb30BaHMUs 0a30BBIX KAHOHMUYECKUX OHTOJIOTHH M pa3-
JIMYHOTO THIIA OTIEPAIIMU C HUMH, BKJTIOYast COMIOCTABIICHHE
(ontology matching), cnustaue (ontology merging), oro6pa-
xeHue (ontology mapping), BelpaBHUBaHHE (ontology
alignment) u T. 1.

6. O6ecnieueHNe HEMPOTUBOPEUYUBOCTH U KOPPEKTHOCTHU
npexacrasiaenus 3HaHui. [lonaepkka nporuecca nocTpoe-
HUSI OHTOJIOTH, BKITIOYAsI JTII0OBIE THITI aBTOMATHYECKOTO
BbIBOJA JI ITIOHMCKa OIINOOK ¥ BBISIBIICHUS HOBBIX OTHO-
weHnil. KonuuecTBo NOHATUN M OTHOLIEHUH B COBPEMEH-
HBIX OHTOJIOTHSIX MCUUCISIETCS] COTHSIMH THICSY, TI03TOMY
pyuHasi MpoBepKa HEBO3MOXKHA. DKCIIEPT B ATOM Cllydae

OHTonoruun
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MMPOBEPACT NMPOTUBOPCUUA U PE3YJIbTAThI, MOJTYUYCHHBIC
myTeM (hopMarkbHOTO BEIBOZIAa Ha oHTONorusx (Livingston
etal., 2015).

7. Hozmep)KKa HWHIYKTUBHOT'O BBIBOJA AJIA U3BJICUCHU A 10I10JI-
HUTEJIbHBIX 3HAHUH 13 MHOJKECTBA (DAKTOB 1 TECTUPOBAHHE
rurnore3. Hanpumep, B padote [ToakonogHoro ¢ komera-
MH (2012) npeacTaBieHbl MOAXOABI K OHTOJIOTHUECKOMY
MOZIETTMPOBAHUIO MEXaHU3MOB PETYIISIIIUU TPAHCKPUIILIUN
TEHOB U TIOKa3aHbl MPUMEPBl PEKOHCTPYKIIMU THUIIOTETH-
YECKUX MEXAaHU3MOB PETYJISIIUN TPAHCKPUIIIHUU C YUCTOM
MHPOPMALIUH O CTPOCHUH PETYISTOPHBIX PaliOHOB T€HOB
1 QYHKIMAX PEryJIsTOPHBIX OCNKOB, MPHCYTCTBYIONIINX
B 3a/1aHHBIX KJICTKaX UJIKM TKaHAX Ha OHpeHEHCHHOﬁ craaguu
pas3BUTHSL.

8. [ToBbIIeHNE apryMEeHTAllMH METO/I0B OMOMH(OPMATHKH,
BKJIO4HAasA TOYHOE€ OIIMCAHUC 6I/IOMGZ[I/ILII/IHCKI/IX JKCIIC-
PUMEHTAIBHBIX MTPOTOKOJIOB, METO/IOB aHAIM3a JaHHBIX
1 MOJICITMPOBAHMST OMOJIOTMYECKUX MPOIECCOB U CHCTEM
u T. 1. (Chen et al., 2007).

MOXXHO NMPUBECTU NMPUMEPHI YCIEIIHOTO MPUMEHEHUS
JICCKPUNTHBHON JIOTUKH M JIOTHYECKOTO BBIBOJA IS (Op-
MaJIbHBIX OHTOJIOT M B 001acTh OnomenuuunHel. B 0630pe Kut
¢ xomuteramu (Keet et al., 2007) mpuBOIUTCS CIIMCOK TUITOBBIX
CIICHApHEB, ITOTYYCHHBIX ITyTEM aHaJi3a 1 0000IIeHH S ITpH-
MEpOB HCIIOIb30BaHUsI CPEJCTB JIOTUUECKOTO BbIBOJA. [IpH
9TOM OTMEYEHO, 4TO CTaHAApTHHIE cpencTBa Racer, Pellet,
FaCT++ He NO3BOJSIOT BBINONHATH MHOTHE CIICHAPUU Ha
pCaIbHBIX 6I/IOMe£lI/I]_II/IHCKI/IX OHTOJIOTHUAX H3-3a UX 60.]'11)-
moro o0bema U CI0KHOCTH. [103TOMy BechMa aKkTyalbHBIM
OCTaeTcsl Pa3BUTHE HOBBIX 3((EKTUBHBIX MPOrPAMMHBIX
CPEJICTB JIOTMYECKOI'0 BBIBOJIA U ITOAXO/I0B K (hopMai3aium
OMONIOTUYECKNX 3HAHUH.

MporpammHble cpeacTtBa gna GO

B HacTosmee Bpems cpenu Bcex OHTOJIOTHI B 061acTi 6no-
MHPOPMATUKN U CHCTEMHOW OMOJIOTHH Hambolee IIHPOKO
ucnonezyercs GO. [ljis1 aToro pa3padoTaHo 0OJbIIOE YHCIIO
HPOTPaMMHBIX CPEACTB:

AMIGO (http://amigo.geneontology.org/amigo), QuickGO
(http://www.ebi.ac.uk/QuickGO/), Protein2GO u Ontology
Lookup Service (http://www.ebi.ac.uk/ontology-lookup/) —
nouck u npocmorp GO m anHoTanmit manubx (Carbon et
al., 2009).

OBO-Edit—mpocMOTp 1 peJakKTHPOBAHHE OHTOJIOTHIECKUX
ormcanmii (Day-Richter et al., 2007).

Blast2GO (https://www.blast2go.com/) — pyHKIIHOHAIEHAS
QHHOTAINS HEN3BECTHBIX ITOCIIEIOBATEIILHOCTEH ITyTeM MOHC-
Ka romoJtoru# ¢ momoniso BLAST n ananmmza GO aHHOTaAIMI
noJy4eHHbIX pesynsTaros (Conesa, Gotz, 2008).

GoPubMed — nonck OHOJIOTHYECKUX TEKCTOB HAa OCHOBE
GO u Medical Subject Headings (MeSH, http://www.nlm.
nih.gov/mesh/introduction.html). GoPubMed cBs3biBaeT GO ¢
6a3oii pedpeparoB PubMed u orBeuaet Ha Borpocsr: Uto? Kro?
I'ne? Kornma? (http://www.gopubmed.org/web/gopubmed/).

Onto-Tools (http://vortex.cs.wayne.edu/) — HaOOp CEpBUCOB,
Brurogatonmid: Onto-Express, Onto-Compare, Onto-Design,
Onto-Translate, Onto-Miner, Pathway-Express, Promoter-
Express, nsSNPCounter, TAQ u OE2GO, — npoduiupoBaHue
MHO)KECTBA T'€HOB, CPAaBHEHHE YKCIPECCHOHHBIX aHHBIX,
KOMITBIOTEPHOE COITPOBOX/ICHHUE MTPOLIECCca KOHCTPYHPOBAHUS
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JIHK-uwurioB, BKJto4asi BBIOOp MHOYKECTBA I'€HOB Ha OCHOBE HX
(DYHKIUH, TPOLECCOB, B KOTOPBIX 3TH I'€HbI yYaCTBYIOT, WIH
KJIETOYHBIX KOMITOHEHT, TJI€ 3TH '€HbI SKCIIPECCUPYIOTCS, U T. 1.

GOToolBox — ananu3 pesynpraroB JJHK-uumoBsix skc-
nepumenToB (http://genome.crg.es/GOToolBox/) (Martin et
al., 2004 ).

Haubonee yacto GO wucrnosb3yeTcst Ui aHaiu3a odora-
IICHHUS OTIMCAHNS I'€HOB TePMUHAMH I'€HHOI OHTONOrHH. {715
pemeHus 3TOH 3aja4u pa3padOTaHbl HECKOJIBKO JIECSTKOB
MMporpaMMHBIX CUCTEM, CPE€AN KOTOPBLIX MOXXHO BBIACIIUTH
Hambonee momynspusie (ftp://ftp.geneontology.org/pub/go/
www/GO.tools.microarray.shtml):

* Gorilla (Gene Ontology enRIchment analysis and visu-
aLizAtion tool) (http://cbl-gorilla.cs.technion.ac.il/) — Web-
MIPHJIOKECHNE U MACHTH()HUKAINN 00OTaIIEHHBIX Tep-
MUHOB GO B paHXHPOBAHHBIX CIIUCKAaX T€HOB.

* PANTHER (http://pantherdb.org/) — knaccudukarmm 6en-
KOB (M MX TCHOB) B COOTBETCTBHH ¢ MHpopMmarmeit u3 GOA,
SBOJIIOIMOHHBIMH B3aMMOCBA3iIMU, B3aHMOﬂeﬁCTBHHMH,
ydacTHeM B MeTabOINYeCKHX U TeHHBIX CeTsX M T. 1. Kak
yacTh npoekTa GO 3Ta cucrteMa peryasipHO OOHOBIISIETCS
U UCIIOJIb3yeT Hanbosee akryasbHbie naHHbie (Thomas et
al., 2003; Huaiyu et al., 2003; Mi et al., 2005).

* DAVID (http://david.abce.nciferf.gov/) — Web-cepuc s
AQHHOTAIlMM W aHaJM3a HKCIIPECCUOHHBIX U MPOTEOMHBIX
JaHHBIX, MOJYYEHHBIX C IIOMOIIBIO BBICOKOIIPOU3BOIH-
TEJIbHBIX IKCIECPUMEHTAIBHBIX TEXHOJIOTHH, a TaKKe
oOoramieHus onucaHusi reHoB. OCHOBHOW HEOCTAaTOK
DAVID — 310 ncnoip3oBanue ycrapeBmux naHHsIXx GO
(otcraBanue — 3—4 roxa).

* Beb6-cepruc WebGestalt (http://bioinfo.vanderbilt.edu/
webgestalt/) mcrons3yercs B QyHKIMOHATHHON T€HOMU-
K€, MPOTEOMHKE W IIMPOKOMACIITAOHBIX MCHETHYECKUX
HCCIICIOBAHUAX TSl (PYHKI[MOHAILHOW aHHOTALUU OOJIb-
IMX TPYNIT TEHOB, HapHMep, Tpynn auddepeHaisHo
9KCIPECCHPYIOUINXCS U KOIKCIIPECCUPYIONINXCSI TCHOB
uT NI
BypHoe pa3BuTHE HKCIIEPUMEHTAIBHBIX TEXHOJOIUH B

00J1acTH MOJIEKY/IIpHON OMOJIOTHH TIPUBEIIO K TOMY, YTO OHTO-

JIOTMYECKOE MOZICJIMPOBAHUE CTAHOBUTCS 0A30BBIM METOJIOM

B OMOMH(OPMATHKE U CHCTEMHOM OMOJIOTHH ISt MHTETpaIiin

Y aHaJIM3a FeTePOreHHBIX YKCIIEPUMEHTAIIBHBIX IAHHBIX U HC-

TMOJIB30BaHUA UX JIA TOCTPOCHUA MAaTEMAaTUICCKUX Mouenei/i

MOJICKY/IIPHO-TeHETHYECKHX CHCTEM U IIPOLIECCOB.
buoundopmatnka U cucTeMHas OMOJIOTHS SIBISIOTCS

MIPEKPACHBIM MOJIMIOHOM JJIsl OTPAOOTKU TEXHOJIOTHH U (-

(heKTHBHOTO UCIIONB30BAHMS OHTOJIOTHYECKOTO MOJEITHPOBa-

Hust. Co3iaHne HEeCKOJBbKHX JECATKOB 0a30BBIX CCHUIOYHBIX

OHTOJIOTUH U UX BepI/I(bI/IKaLlI/IH TIO3BOJIAIOT MCIIOJIB30BATh 3TU

OHTOJIOTMY B Ka9€CTBE HCTOYHHKOB 3HAHUH JUIsl HHTETPaLlii 1

MIOCTPOEHUS OOJIee CIOKHBIX MOJIeIIeH peIMEeTHOI obmacTy,

OPUCHTUPOBAHHBIX HAa PECHICHUEC KOHKPETHBIX 3a/ia4 6I/IOMe[lI/l-

IUHBL. B KagecTBe mpuMepa MOXKHO TPUBECTH 0a3y 3HAHUH

KaBOB (Livingston et al., 2015), B koTOpo#f ”HTErpHPOBaHbI

3gauus u3 14 TE€TCPOTrCHHbIX UCTOYHUKOB — 6a3 JaHHBbIX I10

reHaM U X TOMOJIoTaM, OeJikaM, JISKapcTBaM, FeHEeTHYECKUM

ACCOLIMAIHSAM, PETYIIATOPHBIM MOCIIEI0BATEIILHOCTSIM, OEIIOK-

0EeJIKOBBIM B3aMMOJICUCTBUSM U Jp. VIHTErpanus JaHHbIX U

oncK HH(opMayy B 3TOH O6a3e 3HaAHNWH OCHOBAaHBI HA OHTO-

JIOTHH, OOBETUHSIONICH:



Ontologies in bioinformatics
and systems biology

1. Basic Formal Ontology (BFO) (http://purl.obolibrary.
org/obo/bfo.owl);
2.BRENDA Tissue/Enzyme Source (BTO) (http://purl.
obolibrary.org/obo/bto.owl);
3. ChEBI (http://purl.obolibrary.org/obo/chebi.owl);
4. Cell Type Ontology (CL) (http://purl.obolibrary.org/obo/
cl.owl);
5.Gene Ontology (GO) (http://purl.obolibrary.org/obo/
go.owl);
6.Information Artifact Ontology (IAO) (http://purl.
obolibrary.org/obo/iao.owl);
7. Protein-Protein Interaction Ontology (MI) (http://purl.
obolibrary.org/obo/mi.owl) ;
8. Mammalian Phenotype Ontology (MP) (http://purl.
obolibrary.org/obo/mp.owl);
9. NCBI Taxonomy (http://purl.obolibrary.org/obo/ncbitaxon.
owl);
10. Ontology for Biomedical Investigation (OBI) (http://purl.
obolibrary.org/obo/ obi.owl);
11. Protein Modification (MOD) (http://purl.obolibrary.org/
obo/mod.owl);
12. Protein Ontology (PR) (http://purl.obolibrary.org/obo/
pr.owl);
13.Relation Ontology (RO) (http://purl.obolibrary.org/obo/
ro.owl);
14. Sequence Ontology (SO) (http://purl.obolibrary.org/obo/
so.owl).

st mpencTaBieHust 3HaHUN UCTIONb30BasIcs si3bIKk OWL.
Ormmcanne ontonorun KaBOB cocransier 6omnee 13 mita RDF-
TpumiaeroB. [na moucka ucnonsdyercs a3bik SPARQL 1.1.
PeanuzoBanbl n18e Bepcun 6a3nl 3HaHui KaBOB ToNBKO 1151
YeJoBeKa M JUIA 4YeJOoBeKa U Psfa MOIEIBHBIX OPraHH3MOB.
B nTore cucrema 1mo3BosIsieT BBIIOIHATE 3aIIPOCHI HA MHOXKE-
CTBC I'CTCPOTCHHBIX JaHHBIX, COIIOCTABJIAA 3HAHUA HA pa3Jinyd-
HBIX YPOBHSX OIMCAHMs OMOJIOTHYECKHX CHCTeM. B kauecTse
MpUMepa MOXKHO TIPUBECTH CIIETyIonii 3anpoc: «Kakue reHst
WK TPOAYKTBI T€HOB Y Y€JIOBCKA, JIOKAJIM30BAHHBIC B MUTO-
XOHJIPHSIX, BOBJICUCHBI B TIPOIIECC OKUCIUTENBHOTO (hocdo-
PUIMPOBAHUS U SIBISIFOTCS] MUIICHAMHE JiekapcTB? YUTo 310 3a
nexapcTBa?». Apxurtektypa cucteMbl KaBOB u nmpumense-
Mble HH(OPMALIMOHHbIE TEXHOJIOTUH ITO3BOJIAIOT PACLINPSAT
UCIIOJIb3yeMbIe OHTOJIOTUH U 0a3bl JAHHBIX U B IEPCIEKTUBE
peuiarh CI0XKHbIe OMOMH(POPMALIMOHHBIE 33/1aUH.

Taxum o0pazom, nanpHEWIHE (GopMaIH3ais 1 HaKOT-
JICHUE OHTOJIOTHUCCKUX 3HAHUM, a TaKKe MpUMEeHEeHHe Qop-
MAJIBHBIX MCTOAOB MX aHaliu3a MOTYT IOAHATH BEChb LUK
Hay4HBIX HCCIIEIOBAHNUI B 00IACTH CHCTEMHON OHMOIOTHHN Ha
HOBBIH TEXHOJIOTHYECKUI YPOBECHb.

bnarogapHocTn
Pabora BeimonneHa npu nogyepxke PHD (rpant Ne 14-24-
00123).

KoHpNUKT nHTepecos
ABTOpBI 3asIBISIIOT 00 OTCYTCTBUHM KOH(IIMKTA HHTEPECOB.
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