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ANTIGLYCATION ACTIVITY MODELING BY THE METHODS
OF MACHINE LEARNING

Litvinov R.A., Vasiliev P.M.

Volgograd State Medical University, Volgograd, Russian Federation
400131, 1, Pavshikh Bortsov Sq., Volgograd,
e-mail: litvinov.volggmu@mail.ru

A multilevel consensus model of the antiglycation activity has been built by the machine learning methods using
IT Microcosm.

Key words: antiglycation activity; in silico; IT Microcosm; prediction strategies; multilevel consensus model.

On the basis of ChEMBL open source [1], the structure-activity database of the reference antiglycation
compounds had been created. Structural formulas, activity and research method have been verified by qualified
experts, chemists and pharmacologists. Data on antiglycation activity had been clustered into 4 classes depends
on the activity level: "high", "moderate”, "low", "inactive". By the usage of IT Microcosm [2] a multilevel model of
the chemical compounds’ antiglycation activity had been built (based on the consensus of prediction strategies).
The leave-one-out cross validation method was used for accuracy verification of the final model. The results of
the accuracy assessment: conservative strategy gives 77%, 84%, 83%; normal strategy gives 75%, 88%, 89%; risk
strategy gives 84%, 87%, 87% of accuracy — for the activity levels "high", "high/moderate”, "high/moderate/low",
respectively. High activity level has been better predicted by the risk strategy, manifested activity (if any activity level
is presented) has been better predicted by the normal strategy. The results obtained, indicate that the data on the
antiglycation activity of the reference compounds have been adequately processed and are validly correlated with
their chemical structure. The multilevel consensus model of the antiglycation activity of the chemical compounds
obtained by the usage of IT Microcosm will be used for the target-oriented searching for new antiglycation
compounds, which was started early [3, 4].

Investigation was carried out under financial support of the grant of the President of the Russian Federation for
young scientists — candidates of sciences, MK-1887.2020.7.
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BIOINFORMATICS AND IT >’ BIO

BIOINFORMATICS TASKS IN GENE RESEARCHING AND DEVELOPMENT OF GENE TECHNOLOGIES FOR HEALTH CARE, -\I/-\/%gLIE!
AGRICULTURE AND MANUFACTURING INDUSTRY

3alaHHOro MHo)XecCcTBa. npeAﬂO)KEHHbIVI noaxond y4utbliBaeT B3aMMHOE pacrnosioXXeHne reHoB Ha XpoMocoMe U
no3BosiAeT o AHOBpPEMEHHO paccMaTpuBaTb COTHU BUAOB.

KnioyeBble cnoBa: OpTONIOMMYHbIE TEHbl; CUHTEHUS;MOTEPS reHoB; 3 (deKTUBHAs KOMMbOTEPHAs NpPorpamMMma;
oLleHKa BpeMeHM paboTbl NPOrpaMMbl; CynepKoMboTep.

YacTo ncnonb3yemMble METOAbI BbISB/IEHWSA OPTOIOrOB ¥ NMapasioroB BKIKOYalOT hUIoreHeTUYeCcKunii aHanms,
OCHOBaHHbIN Ha CPaBHEHWN FOMOJIOTMYHbIX MOCNef0BaTeIbHOCTEN U COrNlacoBaHWUN AepeBbeB, aHan3 JloKab-
HOro PacronoXeHusi reHOB (CMHTEHUM) U PEKOHCTPYKLMIO 3BOIOLUMOHHbBIX CLieHapuMeB Ha OCHOBE MEHOMHbIX
CTPYKTYp (rno6anbHOro pacronoXeHnsi reHOB Ha XpoMocoMax). MI3BeCTHO, UTo aHanM3 nocriefoBaTe/lbHOCTEN U
CUMHTEHMMW MOXET NPUBECTU K HECOBMECTUMbIM pe3ynbTaTaM. PaspaboTaHo 60MbLUoe YUCIO anropuTMoB U Npo-
rpaMm, NOCBALEHHbIX aHann3y OpTOJIONMYHOCTU M CONYTCTBYOWMUM 3afavyaM. CylecTBEHHON 0CO6EHHOCTbIO
Hallero noaxofa K NMoMCKY NMOTEPSIHHbIX U MPUOBPETEHHbBIX FEHOB SIBISIETCA COBMECTHOE CpaBHEHWe 60JbLUMX
HabopoB BMAOB. [porpamma lossgainRSL paspaboTaHa A/ MOMCKa reHoB, NMOTEPSIHHbIX, MPUOBPETEHHBIX U
COXPaHMBLLMXCA B 60/IbLUIMHCTBE BUAOB M3 3ajaHHbIX HA6OPOB. ANrOpMTM peannusoBaH B MporpaMme, No3Bossito-
LLLeV NPOM3BOAMTL NapannesnbHble BbluncneHus B cpefe MPI noa ynpaBneHnem onepaunoHHbix cuctem Windows
u Linux. MNporpamma cBo6ogHo focTynHa no agpecy http://labé.iitp.ru/ru/lossgainrsl/. Nporpamma lossgainRSL
UMeEeT creflyroLLyto cxeMy. [nsi BbIGpaHHOro BUa paccMaTpuBatoTCs BCe ero reHbl (C OKPeCTHOCTbIO BUKCUMPO-
BaHHOro pasmMepa), NPUCYTCTBYIOLLME UM OTCYTCTBYHOLLME B HECKOJIbKUX 3afjaHHbIX Ha BXoAe Habopax BUIOB.
YcnoBue oT6opa reHoB 3afaétcs nonb3oBateneM. [porpamma gonyckaeT paboTy C HEMOMHbIMY FeHoMaMu. Yno-
MsIHyTasi OKPECTHOCTb reHa (onpegesnsieMasi napaMeTpoM MporpamMmbl) UCMONb3yeTcs A4S MPOBEPKN CUHTEHUN
B e€ npegenax. BaxHo, 4To paaMep OKPECTHOCTM MOXHO 060CHOBaHHO Bbl6MpaTb. A UMEHHO, TPEXMepHast CTPYK-
Typa AHK BkAtoyaeT Tononornyeckn accounmnpoBaHHble JOMEHbI, pa3Mepbl KOTOPbIX ONpeAensatoT 3Ty OKpecT-
HOCTb U NpeACTaBnATCS 6MOIOrMYeckn 060CHOBaHHbIMY [1].

Bpems nouncka opTonora 3afaHHOro reHa B 3afaHHOM OKPECTHOCTM CPaBHUMO CO BPEMEHEM YTeHUst Tabnuy,
OPTOJIOrOB M MapasioroB U OrpaHNYeHo NIMHENHOW GYHKLMEN OT ANMHbI BXxoAa nporpamMMmbl. [10sToMy nosnHoe Bpe-
Msl paboTbl NPOrpaMMbl OFrPaHUYEHO NOIMHOMOM BTOPOW CTEMEHM OT AJINMHbI BXOAA AaXKe Ha OJHOMPOLLECCOPHOM
cucTeMe, YTO NO3BOJIAET Ha MHOIOMNPOLLECCOPHON CUCTEME paccMaTpuBaTbh OAHOBPEMEHHO COTHU BUAOB.

C nomoLLbo NporpaMmbl Mbl OMNPEeAENAN FeHbl MblLLKW, NOTEPSIHHbIE UK CTaBLLME MCeBAOreHaMu y 4enioBeka, Ho
coxpaHuBLUMecs (M KoaupytoLLine 6eMku) y He MeHee YeM YeTbIPEX U3 MSATU YenoBeKoo6pasHbix o6esbsiH: Gorilla gorilla,
Nomascus leucogenys, Pan paniscus, Pan troglodytes n Pongo abelii. Cpegy 0To6paHHbIX reHOB NPUCYTCTBYET BaXKHbIN
reH Mbiwy Cmah (ENSMUSG00000016756), Koavpytowwumii ruapoKcunasy LMtuanH MoHodocho-N-aleTunHeinpaMmHo-
BOW KUCNOTbI. [leiicTBUTENbHO, Y Ntofel Habntogaetcs Bugocneumbuyeckmin aeduumnt N-rmmkonnnHenpaMmmHoOBON KUC-
NOTbI, 06YCNOBIIEHHbIV NceBoreHn3aumen CMAH, npousoLueaLleit y NpeikoB FrOMUHMH 2—3 MJTH NIET Hasag.

MpepnoXeHHble MeTOA M NporpaMma obecrneymBaroT aQPeKTVBHOE NpefcKasaHne OpTooroB C y4ETOM re-
HOMHbIX CTPYKTYpP NPy OfHOBPEMEHHOM PAaCCMOTPEHUN COTEH BUOB.

bnarogapHocTu. UccnepoBaHmne BbINonHeHo nNpu puHaHcoBon noaaepxke POOU B pamkax HayuHOro npoek-
Ta N2 18-29-13037. BbluMcCneHUs BbIMOMHAMUCH C UCMOSIb30BaHUEM CYNepPKOMMbIOTEPOB MeXXBeJOMCTBEHHOIO
CyrnepKoMIbloTepHOro LeHTpa Poccuiickoit akageMun Hayk (MCLL PAH).

Jlutepatypa
1. Razin S.V, Gavrilov A.A. Structural-functional domains of the eukaryotic genome // Biochemistry (Moscow). 2018.
Vol. 83, no. 4. P 302-312.

UDC 577.29 DOI 10.37747/2312-640X-2020-18-258-260

GENE LOSS PREDICTION BASED ON GENOMIC STRUCTURE
Rubanov L.1., Shilovsky G.A., Seliverstov A.V., Zverkov O.A., Lyubetsky V.A.

Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Institute), Moscow, Russia
Bolshoy Karetny per. 19, build. 1, Moscow 127057 Russia
e-mail: lyubetsk@iitp.ru

We have developed an efficient algorithm implemented in a program for a multiprocessor computing system,
which makes it possible to discover genes lost or acquired during the evolution of most species from a given
set. The new approach takes into account the mutual arrangement of genes on a chromosome and allows us to
simultaneously consider hundreds of species.
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Among the commonly used methods of inferring orthology and paralogy relations are: phylogenetic analysis
based on the homologous sequences comparison and tree reconciliation, analysis of local gene arrangement
(synteny) and reconstruction of evolutionary scenarios based on genome structures (the global arrangement of
genes on chromosomes). It is known that sequence alignment and synteny can lead to inconsistent results. There
is an ever growing set of algorithms and tools devoted to orthology analysis and related tasks. The essential feature
of our approach to the search for lost or acquired genes is the simultaneous comparison of large sets of species.

The lossgainRSL program was developed to search for genes lost, acquired or preserved in most species from
several species sets. The algorithm was implemented as a CLI program providing parallel computing in the MPI
environment under Windows and Linux operating systems. The program is freely available at http://labé.iitp.ru/en/
lossgainrsl/ The lossgainRSL program has the following scheme. For a selected species, all its genes (each with
a fixed-size neighborhood) are considered, which are present in or missing from several pre-defined parts of input
sets of species. The condition for the gene selection can be arbitrary and is user defined. It is possible to work with
incomplete genomes. The mentioned neighborhood of a gene (defined by a program’s parameter) is used to check
for synteny within its limits. It is important that the size of the neighborhood can be chosen reasonably. Namely,
the 3D structure of DNA includes topologically associated domains (TADs). The TAD size defines the neighborhood
and appears biologically sound [1].

The search time for a given gene ortholog in a given neighborhood is comparable to the time it takes to read the
input tables of orthologs and paralogs and is bounded by a linear function of the program input length. Consequently,
the total running time of the program is bounded by a second-degree polynomial of the input length, even for a
single-processor machine. It allows us to simultaneously consider hundreds of species on a multiprocessor system.

Using the program, we have found the mouse genes, which were lost or became pseudogenes in human but
are preserved (and have protein products) in no less than four out of five examined apes: Gorilla gorilla, Nomascus
leucogenys, Pan paniscus, Pan troglodytes, and Pongo abelii. Among these genes there is an important mouse gene
Cmah (ENSMUSG00000016756) which encodes cytidine monophospho-N-acetylneuraminic acid hydroxylase.
Indeed, humans exhibit a species-specific deficiency of the N-glycolylneuraminic acid, due to pseudogenization of
CMAH which occurred in hominin ancestors 2 to 3 MYA.

The proposed method and program provide an effective prediction of orthologs taking into account genomic
structures while examining hundreds of species.

Acknowledgments. The reported study was funded by RFBR according to the research project N 18-29-13037.
The research was carried out using supercomputers at the Joint Supercomputer Center of the Russian Academy
of Sciences (JSCC RAS).
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IBonouna MUTOXOHAPUAJIbHBIX TEHOMHBIX CTPYKTYP Y METAZOA:
AJITOPUTM U NPOrPAMMA

Fop6yHoe K.10., Tio6eLkuii B.A.

BenepanbHoe rocynapcTBEHHOE BIOAXXETHOE YYPEXAEHNE HayKn VIHCTUTYT npobaem nepeaadn MHpopmMaumm um.
A.A. XapkeBuya Poccuiickon akagemumn HayK. 127057, r. Mocksa, bonbLuovi KapeTHbivi nepeynok, 4.19 cTp. 1.
e-mail: lyubetsk@iitp.ru

Mony4yeH 6bICTPbI aNrOpUTM ¥ COOTBETCTBYIOLLAS NPOrpamMma A/ PeKOHCTPYKLMM FTEHOMHbIX CTPYKTYP BAO/b
(unoreHeTUYECKOro iepeBa C NPOM3BOJIbHO Ha3HaYaeMbIMU LiEHaMU 3BOJTHOLMOHHBIX COBbITUIA. B 3aBUCMMOCTM
OT pasMepa UCXOAHbIX AaHHbIX, UICMOJIb3YHOTCS NIOKaNbHbIE, CYNepKOMMbIOTEPHbIE UK 0651a4Hble BbIYUCTEHUS.
MporpamMma TeCcTMpOBasnacb Ha UCKYCCTBEHHbIX AaHHbIX U 3aTeM 6blia NpUMeHeHa A5 PEKOHCTPYKLUM NpeaKo-
BbIX FTEHOMHbIX CTPYKTYP MUTOXOHAPUI XMUBOTHbIX (Metazoa).

KnioueBble cnoBa: peKOHCTPYKLWS, FTEHOMHasi CTPYKTYpa, MUTOXOHAPUS, 3)dEKTUBHbBIN CYynepKOMMbIOTEPHbI
anropuTMm.
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