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Momusayua u yens: C TIOSBICHHEM METOJOB CEKBEHHPOBAHHS HOBOTO TOKOJEHUS
YICII0O CEKBEHHPOBAaHHBIX IIOCIEIOBATEIHLHOCTEH TEHOMOB pacTeT OrPOMHBIMHU
TeMnaMu. VICTOYHMKaMH TOCTYIUIEHHsI Takoro OOJBIIOr0 KOJIMYEeCTBA JaHHBIX
SBJISIIOTCS Pa3UYHbIE TEHOMHBIE, METATCHOMHBIE U TPAaHCKPUIITOMHBIE TIPOEKTHL. Bce
3TO TIO3BOJISET PACIO3HABATh CTPYKTYpy T€HOMa WM TPEICKA3bIBaTh JIOKATH3AIHIO
0EJIOK-KOUPYIOIINX TeHOB C BHICOKOW TOYHOCTHIO0. OHAKO AJIsl Paclio3HAHHBIX T€HOB
(GyHKLMS, KaK MPaBWIIO, OKa3bIBaeTCs HEM3BECTHOH. CyleCTBYIOIIME ANl PEIICHUS
9TOW 3a7jaud METOJbl MPEUMYIECTBEHHO HCIIONB3YIOT JUIA IOWCKAa TOMOJIOTHYHBIX
MOCIIE0BATENIEHOCTE ¢ M3BECTHBIME (DYHKIMSIMH, ONFCAaHHBIMH B TepMuHax Gene
Ontology. Bo3pact reHoB UMeeT MpsSMOE OTHOLICHHE K 3a/aue aHHOTAUH (YHKITH
TeHOB: B 33/1ayax mpeacka3aHus (yHKIUU OSIKOB IO TOMOJIOTHH BaXHOU MpoOIeMOoit
SIBIISIETCS] HATMYUE aHHOTHPOBAHHBIX TOMOIIOTOB IS ICKOMBIX ITOCIIEIOBATENBHOCTEH B
0a3zax maHHBIX. OYEBHIHO, YTO €CJIM TOMOJIOTHYHBIE TIOCIEA0BATEIBHOCTH ISl HCXO/1-
HOU TIOCIIEZI0BATEILHOCTH OTCYTCTBYIOT, TO 3TO HE MO3BOJISET MOIYYUTh HHPOPMALIUIO
st ee anHotaruu [1, 2]. Takas cuTyamus XapakTepHa JJIsi MOJOJBIX FIIA TaKCOH-
cnenn(uIHbIX (OpQaHHBIX) TEHOB, NPEACTABICHHBIX B OJHOM WM HECKOJIBKUX
OmKalIMX BUJAX U OTCYTCTBYIOUIMX y IPYTUX OpraHu3MoB. J{Js HUX MpeacKa3aHue
(YHKIIMH 3aTPyTHEHO, U €r0 TOYHOCTh OKA3bIBAETCS HIKE, YeM IS JPEBHUX TEHOB,
TOMOJIOTH JUIsl KOTOPBIX TPEACTaBIeHbI Ooliee IMHMPOKO. TakuM oOpazoMm, co3maHue
METO/Ia aHHOTAIIUU (YHKIMI T€HOB, KOTOPBIA Obl paboTa ¢ BHICOKOW TOYHOCTHIO BHE
3aBHCHMOCTH OT BO3pacTa I'€HOB, SBIISETCS TOCTATOYHO aKTYaJIbHBIM.

Memoowst u areopummet: MBI TIPEIIOKAIN aITOPUTM aHHOTAIMU (YHKIWA T€HOB Ha
OCHOBE TIOMCKa CXOJHBIX MOCJIEI0BATEIbHOCTEH METOAOM K OJIMKAMIIMX TOMOJIOTOB,
aHanm3a oprosiornyeckux rpymm B 0aze maHHbix OrthoDB v. 10.1 [3] u dunsTpariuu
TEPMHHOB Ha OCHOBE CXOJICTBA IIOCJIENOBATEILHOCTEH METOJOM JIOTHCTUYECKOMN
perpeccun. [ToMCK TOMOJIOTUYHBIX TIOCIIEIOBATEFHOCTEN TPOBOAMIICS B 0a3e NaHHBIX
¢ ucnois3oBanueM anroputMa USEARCH v 11.0.667 [4]. MeTozpl ObuH 0ripoOOBaHbI
Ha TIOCJENOBATEIHHOCTAX OCIIOK-KOMUPYIONINX TEHOB psAa TeHOMOB pacTEeHUH,
Birouast Arabidopsis thaliana u ap. Ornienka Bo3pacToB reHOB OblLIa HCIOJIB30BaHA C
nomoripio nporpammbel Orthoscape [S]. MBI Takke NPEAIOKUIA HUCIIOIL30BATh JIJIS
OIIGHKM TOYHOCTH METOJOB MpeJcKazaHus (YHKIUH TeHOB Mepy d3(h(eKTUBHOCTH
npenckazanus (PE), koTopas mo3BosiseT n30exaTh BIUSHUS UCIIOIb30BaHUS Pa3THIHBIX
AHHOTAIIMH NPH CPaBHEHUU PA3HBIX METOJIOB MPEJICKa3aHHUS.

Peszynomamut: TOYHOCTH MPEIOKEHHOTO alropuTMa npu aHanmuse reoma A. thaliana,
Oryza sativa u Zea mays oka3asack cpaBHEMOU ¢ Metogamu Blast2GO [6] u eggNOG
[7]. Tak, addextuBHOCTh mpenckasanus (PE) Ha manneix A. thaliana ans mamero
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Meroaa coctasuna 85.03, 87.17, 89.24 % mist TEHOB MOJIOJIOTO, CPEAHETO U CTAPOro
BO3pacTa COOTBETCTBEHHO mpoTHB 85.32, 84.48, 81.69 % mns meroma Blast2GO.
[TokazaHo, 4TO MPH OMPEJCICHHBIX MapaMeTpax AITOPUTMa TOYHOCTh MPEICKA3aHUs
(YHKIMA y TEHOB Pa3HBIX BO3PACTOB (B TOM YHCIIE MOJIOABIX) OKAa3bIBACTCS OIM3KOM.
Takum 00pa3oM, NpEAIOKEHHBI METOJl IO3BOJIICT HUBEIMPOBATH pPA3INYHS B
TOYHOCTH TpeJicKa3zaHus (QYyHKIMU JJIs1 TEHOB Pa3HbIX BO3PACTOB, PH 3TOM B JIYUIITYIO
CTOPOHY.

Bvi6oovi: To4HOCTH TpeAcKa3aHus T€HOB MOJOAOTO BO3pacTa ropa3lo HUXE, YeM
TOYHOCTHb TPEICKa3aHWsl CPEOHHX M CTapblX TeHOoB. lcmomb3oBaHHWE OPTOTPYNI H
METO/Ia JIOTUCTUYECKOW PErpeccuy MO3BOJISET MOBBICHTh TOYHOCTh MPEACKA3aHUs IS
T€HOB MOJIOJIOTO BO3pacTa.

Qunancuposanue. VccnenoBanue noanepkaHo KypuyaTOBCKMM Te€HOMHBIM IICHTPOM
WNucturyra umromormu u reHetukn CO PAH, cormamenme ¢ MuHmHCTEpCTBOM
obpasoBanus u Hayku Poccuiickoit denepannu Ne 075-15-2019-1662.
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Motivation and Aim: With the advent of next-generation sequencing methods, the
number of sequenced genome sequences is growing at a tremendous rate. Various
genomic, metagenomic, and transcriptomic projects are the sources of this large amount
of data. All of these make it possible to recognise genome structure and predict the
localisation of protein-coding genes with high accuracy. However, for novel genes, the
function is usually unknown. The methods to predict function for novel genes
predominantly use the search for homologous sequences with known functions described
in terms of Gene Ontology. The age of genes is directly related to the task of gene
function annotation: in the tasks of protein function prediction by homology, an
important problem is the availability of annotated homologues for the searched
sequences in databases. Obviously, in the case if homologous sequences for the query
sequence are not available, gene function prediction for these methods is difficult [1, 2].
This situation is typical for young or taxon-specific (orphan) genes represented in one or
more relative species and absent in other organisms. For them, function prediction is
difficult and its accuracy is lower than for ancient genes for which homologues are more
widely represented. Thus, the creation of a method of gene function annotation that
would work with high accuracy regardless of the age of genes is quite relevant.

Methods and Algorithms: We proposed an algorithm for gene function annotation based
on searching similar sequences by k nearest homologues method, analysing orthologous
groups in OrthoDB database v. 10.1 [3] and filtering terms based on sequence similarity
by logistic regression. Homologous sequences were searched in the database using the
USEARCH v 11.0.667 algorithm [4]. The methods were tested on sequences of protein-
coding genes from a number of plant genomes including Arabidopsis thaliana and
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several other plant species. Estimation of gene ages was performed by the Orthoscape
method [5]. We also proposed a novel prediction performance measure, the prediction
efficiency which is independent on the usage of different annotation source for different
prediction methods.

Results: The accuracy of the proposed algorithm in analysing the genome of A. thaliana,
Oryza sativa and Zea mays was comparable to the Blast2GO and eggNOG methods
[6, 7]. Thus, the prediction efficiency (PE) on A. thaliana data for our method was
85.03 %, 87.17 %, 89.24 % for young, middle-aged and old genes respectively,
compared to 85.32 %, 84.48 %, 81.69 % for the Blast2GO method. It is shown that at
certain parameters of the algorithm the accuracy of function prediction for genes of
different ages (including young genes) is close. Thus, the proposed method allows
levelling the differences in the accuracy of function prediction for genes of different
ages, at the same time for the better.

Conclusion: The prediction accuracy of young age genes is much lower than the
prediction accuracy of middle-aged and old genes. The use of orthogroups and logistic
regression method can improve the prediction accuracy for young age genes.

Funding: The study is supported by the Kurchatov Genomic Center of the Institute of
Cytology and Genetics of Siberian Branch of the Russian Academy of Sciences,
agreement with the Ministry of Education and Science of the Russian Federation,
No. 075-15-2019-1662.
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