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[aHHbIV umnkn paboT NOCBALLEH pELUEeHUIO 3a0auyn OLEHKN KayecTBa reHOMHbIX COOpPOK.
eHom cogepxuT B cebe HacneaCcTBEHHY WHdOPMaUMO, OMNpedensiowyo passutne u
XKU3HEOEeATeNbHOCTb JKMBbIX OpPraHM3MoB, MO3TOMY 3HaHME MOCNefoBaTeNbHOCTM FeHoMa
ABNAeTCs He0OXO0AUMbIM B LUMPOKOM CNEKTPE NPUKNaAHbIX 3a4a4y TakMxX Kak reHHas nHXeHepus,
OnarHocTuka reHeTU4ecknx 3aboneBaHui, MPOM3BOACTBO HOBbLIX MEKapCTB U MHOTMMX OpPYruX.
HecmoTpsa Ha TexHOoMnornyeckme npopbiBbl NOCNEAHUX NeT, COBPEMEHHbIE YCTPONCTBA BCE elle
He MNO3BONAT cCuYMTaTb MOMHYK MOCNEefOoBaTENbHOCTL FEeHOMa 3a OOWH NpoXo4d Aaxe Ans
OOoCTaTo4yHO HebonbliMx opraHMsamoB. HanpoTtus, cumuTbiBalOTCA Hebonbline dparMeHThb
reHoma, KoTopble 3aTeM BbIYUCNIMTENBbHO 00beauHsTCA Mmexay cobonm B Gonee AnWHHbIE
y4yacTKM Npu MOMOLLM creumanbHblX Nporpamm, reHoMHbIX cbopLumkoB. Pesynbtatom paboTbl
Takux nporpaMmm $BRASIETCA Tak HasbiBaemMass reHomHass cbopka — 4epHOBOW BapuaHT
nocrnegoBaTenbHOCTU reHOMa opraHnsma.

3agava cbopkm reHoma M3 KOpPOTKUX (pparMeHTOB SBNAETCS BbIMMCIUTENbHO KpamnHe
CNoXHOM wu3-3a Oonbworo obbema ob6pabaTbiBaeMbiX AaHHbIX, OLWMOOK B CYUTAHHbIX
hparMmeHTax, X OTHOCMTENbHO KOPOTKON ANuHbI (06b14HO 100-1000 HYKNEOTUA0B — €ANHUYHBIX
OGMOKOB reHOMHOW nocnefoBaTeNnbHOCTU) NpU OOMNbLUON AfIMHE MOMHOr0 reHoma (MWIMUOHBI
HYKNEeOoTMAOB AN MUKPOOPraHM3MOB U MUNNMapabl HYKNeOoTUAO0B ANS XUBOTHBIX U pacTeHni), a
TakkKe BbICOKOW KOHLIEHTpaLMM NOBTOPSAIOLLNXCS Y4acTkoB B reHoMax. Kak cneacreme, TOYHOMoO
pelweHnss 4aHHOM 3aJadn He CyLecTBYeT M COBPEMEHHbIE reHOMHbIe COOPLLMKU MCNOMb3YHT
pasnuyHble 3BPUCTMYECKUE aNrOpUTMbl, MPUBOASLLME K PACXOXKAEHUIO B MOMyvYaembiX B UTOre
reHoMHbIX cbopkax. Ha pgaHHbIl MOMEHT CyLlecTByeT HEeCKONbKO [AeCATKOB T[eHOMHbIX
cbopLUMKOB, Cpean KOTOPbIX HET SIPKO BbIPaXXEHHOro nuaepa, Tak Kak Bce AaHHble nporpammbl
nokasblBaloT pe3ynbTaTbl pasHOW CTeneHu [[OCTOBEPHOCTM B 3aBUCMMOCTM OT Kracca
uccnegyembix OpraHM3MOB U UCMOMb3YEMOW TEXHOMOrMU NOMyvYeHUs TeHOMHbIX dparMeHTOoB.
MockonbKy BCe MeTOAbl nocneayloLllero aHannsa cbopok reHoMOB YyBCTBUTENbHbI K KA4eCTBY
BXOAHbIX AaHHbIX, KpavHe akTyanbHOW SIBMAETCs 3adaya OLEHKU KavyecTBa npeacTaBMneHHbIX
reHOMHbIX COOPOK U BbiSBEHNE Hanbonee JOCTOBEPHON M3 HUX B KaXKAOM KOHKpPETHOM Habope
OaHHbIX.

MpeacTaBneHHble Ha KOHKYPC paboThbl ABNAKOTCA pacluMpeHueM nporpamMmbl A OLEHKN
kayecTtBa reHomHbix cbopok QUAST (Gurevich et al., Bioinformatics, 2013), koTopas 6Gbina
cosgaHa N'ypesmyem A.A. B 2012 rogy B kadyecTBe maructepckon pabotel. OCHOBHOE pasBuTuE
npoekTa, KoTopoe O06yCnoBWUNoO ero nonynapHoOCTb M LUMPOKOE MeXOyHapoAHOe Mpu3HaHue,
Havanocb B 2015 rogy ¢ npmuxogom lNypesuda A.A. n Muxeenko A.A. B nabopatoputo “LleHTp
anroputMmndeckon 6uotexHonorun” Cr6IY. B pamkax npeactaBneHHoro uukna paboTt Obinu
paspaboTaHbl 1 peanusoBaHbl pacwupeHus MetaQUAST (Mikheenko et al., Bioinformatics,
2016a) u Icarus (Mikheenko et al., Bioinformatics, 2016b), a Takke CyLleCTBEHHO YynyudlleH
6asoBbin pyHkumoHan QUAST wu BbinylleHa Bepcus nporpammbl And paboTbl ¢ reHomamu
60onbLUON ANUHBI, B TOM Yucne reHomom yenoseka, QUAST-LG (Mikheenko et al., Bioinformatics,
2018 -- He BKkNOYEHa B 3asiBKy Ha KOHKypc, Tak kak onybnukoBaHa B 2018 rogy). Bca
paspaboTaHHad Hay4YHO-TEXHUYECKass MpoAyKUMS HaxoOuTCs B OTKPbITOM [JOCTyrne Ha
nnatgopmax SourceForge u GitHub, a Takke goctynHa B Buae Beb-cepBuca no agpecy
http://quast.sf.net/wi. TMNporpammbl QUAST, MetaQUAST wu Icarus 3apeructpupoBaHbl B




rocygapctBeHHOM peecTtpe nporpamm ans 3BM (npasoobnagatens: CMOIY), ans Boiweawen B
2018 rogy QUAST-LG HavaTa noaroTtoBka K npolenype perucrpauuu.

Mporpamma QUAST npeaHasHadeHa Ona OLEHKM KavecTBa cOopok GakTepuanbHbIX U
HebonbLWNX 3yKapMOTMYECKUX reHoMoB. B gaHHOM npoaykTe peanu3oBaHbl Kak MMEBLUWECS
paHee TeopeTudeckne HapabOTKM NO AaHHOW 3ajaye, Tak M HOBble MOAXOAbl K OLEHKe
XapaKTEpPUCTUK FEeHOMHbIX nocrnegoBaTtenbHocTen. B paHHom paboTte BnepBble BBeAeEH
nokasatenb kadyectBa NGA5S0, koTopbii 06beamMHMn B cebe xapakTepucTUKM KOPPEKTHOCTU U
NPOTSXKEHHOCTU reHOMHbIX cOopok. OQHON U3 BaXHbIX OTANNYMTENbHLIX 0cobeHHocTen QUAST
ABMAETCS BO3MOXHOCTb PaboThbl KakK C yXKE& XOPOLUO U3YYEHHbIMU OpraHMaMamu (4ns KOTOpbIX
n3BecTHa pedepeHCcHasa reHoMHasi NocrneaoBaTenbHOCTL), Tak U C TEMU, AN KOTOPbIX reHOMHas
nocrneaoBaTenbHOCTb BbIABMASIETCA BNepBsbIe.

Ytunuta MetaQUAST pacwupuna Bo3amoxHocTy QUAST ana ero npuMeHeHust K
N3yYeHNI0 MMKPOBHBLIX COOBLLECTB, a HEe OTAENbHbLIX MUKPOOPraHM3MOB. [JaHHbIN pexum paboThl
ocobeHHO BaxeH 1 BocTpeboBaH, Tak kak nogasnstowee 6onblwmHcTBO 6akTepunt (4o 99%) He
MOryT ObITb KITOHMPOBaHbI B NabopaTopun 1 OCHOBHLIM, a MOPOK U €4MHCTBEHHO BO3MOXHbIM,
METOAOM WX U3ydeHUsa aBnsieTca aHanud obpasuoB MOYBbI, BOAbI, OPraHOB >XMBOTHbLIX U T.M.,
COCTOALMX U3 COBOKYNHOCTM 6Bonblioro umcrna MukpoboB. B Takmx wuccnegoBaHusx uaet
0b6paboTka He oTAeNbHbIX FEHOMOB, a Tak Ha3biBaemoro o6obuieHHoro “metareHoma”. Npu aTOM
CyllecTBYylOLME YTUNUTLI, NpegHa3HavYeHHble ANs OLEeHKN kadecTBa COOPOK OTAENbHO B3ATbIX
reHOMOB, He MOryT 6bITb MPUMEHEHbI A5 OLLEeHKM N CpaBHEHUS MeTareHOMHbIX COOPOK, Tak Kak
OHM He YyuuTbiBalOT BCHO chneunduky nodobHbix paHHbiXx. B MetaQUAST yuTeHbl u
obpabaTbiBatoTcs cnegyowmne ocobeHHOCTU MeTareHoMHbIX HabopoB AaHHbIX: (i) HEM3BECTHbIN
BMOgoBon coctaB obpasua (cooTBeTCTBYWOLWME pedepeHCHble nocnegoBaTeNibHOCTU
MOeHTUULMPYIOTCA  BblYMCNUTENbHBIMWU  MeTodamu U 3arpyxatotces us UutepHeta), (ii)
OrpoMHoe pasHoobpasue npeacTaBneHHbIX BUAOB (MPeoCcTaBnsaoTCs ncuepnbiBatoLne otyeThl
OTAENbHO AN HeorpaHWYeHHOro KormyectBa reHoMoB) W (iii) Hannyne GrM3KOPOACTBEHHbIX
BUO0B (06HapPYXMBAOTCA XUMepUYeckne coeguHeHus B cbopkax 1 nomeyarTcs Kak ocobbin Bua
ownbok). BosamoxHoctn MetaQUAST 6binn npogemoHcTpupoBaHbl B ctatbe Mikheenko et al.,
2016a npu cpaBHeHWM pe3ynbTaToOB HECKONbKMX Beaylmx CcOOpLMKOB Ha OOHOM
CMOOEenMpoBaHHOM U ABYX pearbHblX Habopax MeTareHOMHbIX JaHHbIX.

Mporpamma Icarus crtana nepBbiIM FeHOMHbIM Opay3epom, npegHasHayeHHbIM Ans
OLIeHKM KadecTBa reHoOMHbIX COOpOK U Budyanmsaumm ownbok coopku. Busyanusaumsa gaHHbIX
urpaeT BaxHyH pofib B aHanmMse AaHHbIX CEeKBEHWPOBaHMA reHoma. [lpu 3TOM TexHonoruu
CEKBEHUPOBAHNS W CBHA3AHHbIE C HUMMW BbIMUCIIMTENbHbIE METOAbl pPa3BMBaOTCA HaMHOIO
ObicTpee, YeM Noaxoabl K Bu3yanuaaumm NpoM3BOAMMbIX UMW OaHHbIX. [Ana peleHus gaHHOM
npobnemel, Mbl paspaboTtanu ytunuty lcarus, koTopas NO3BOMSET B UHTEPAKTUBHOM pPEXUME
NMOCMOTPETb Ha KAa4eCTBO OLlEHMBAEMbIX AaHHbIX C Pa3fnyHbIX Tovek 3peHus. Kpome Toro, Icarus
MOXeT OblTb MCNONb30BaH Kak B UCCMEeAOBaHUsSX C U3BECTHbIM pedepeHCHbIM reHOMOM, TaK U
npy W3y4YeHUM HOBbIX BUAOB OPraHM3amoB, 4TO MOAPOGHO MPOAEMOHCTPUMPOBAHO B paboTe
Mikheenko et al., 2016b.
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This series of works is aimed to solve the genome assembly evaluation problem. The
genome contains hereditary information that determines the development and vital functions of
living organisms, therefore knowledge of the genome sequence is necessary for a wide range of
applications such as genetic engineering, diagnosis of genetic diseases, drug development and
many others. Despite recent technological breakthroughs, modern DNA sequencing technologies
still cannot read the entire genome sequence of a chromosome, even for relatively small
organisms. Instead, they generate large numbers of small genome fragments, which are further
computationally combined into longer sequences using special software, genome assemblers.
The output of such programs is called genome assembly and it represents a draft genome
sequence of the organism.

The problem of assembling a genome from short fragments is computationally extremely
difficult due to the large amount of processed data, errors in read fragments, their relatively short
length (usually 100-1000 nucleotides — single blocks of the genomic sequence) comparing to a
large length of the whole genome (millions of nucleotides for microorganisms and billions of
nucleotides for animals and plants), as well as a high abundance of repetitive regions in the
genomes. Therefore, there is no exact solution to this problem, and modern genome assemblers
use different heuristic algorithms, which lead to discrepancies in the resulting genome
assemblies. Dozen genome assemblers have been developed in recent years, but there is no
clear winner among them since all programs show the results of varying quality depending on the
class of studied organisms and the technology used to obtain genomic fragments. Since all
methods of downstream analysis of genome assemblies are sensitive to the quality of input data,
it is extremely important to assess the quality of genome assemblies and identify the most reliable
one for each particular data set.

The works submitted for the competition represent extensions of QUAST -- quality
assessment tool for genome assemblies (Gurevich et al., Bioinformatics, 2013) created by A. A.
Gurevich in 2012 as his master's thesis. The main development of the project, which led to its
popularity and wide international recognition, began in 2015 with A. Gurevich. and A. Mikheenko
coming to the laboratory "Center for Algorithmic Biotechnology" of St. Petersburg State University.
As a result of the presented list of works, extensions MetaQUAST (Mikheenko et al.,
Bioinformatics, 2016a) and Icarus (Mikheenko et al., Bioinformatics, 2016b) were developed and
implemented, also the basic QUAST functionality was significantly improved and a version
intended to work with large genomes, including the human genome, QUAST-LG was developed
(Mikheenko et al., Bioinformatics, 2018 -- not included in the application for the competition, since
it was published in 2018). All developed products are publicly available on the SourceForge and
GitHub platforms and are also available as a web service at http://quast.sf.net/wi. QUAST,
MetaQUAST, and Icarus are registered in the state register of computer programs (copyright
holder: SPbU); for QUAST-LG, published in 2018, preparation for the registration procedure has
begun.

QUAST is designed to evaluate bacterial and small eukaryotic genome assemblies. This
tool implements both previously existing theoretical developments for this problem and new
approaches to the assessment of genomic sequences. In this project, the quality metric NGA50
was first introduced, which combined the correctness and contiguity of genome assemblies. One




of the important QUAST features is the ability to work with already well-studied organisms (for
which the reference genomic sequence is known), and with those for which the genomic
sequence is detected for the first time.

MetaQUAST has extended QUAST to apply it to studies of microbial communities, rather
than separate microorganisms. This mode is especially important and relevant, since the vast
majority of bacteria (up to 99%) cannot be cloned in the laboratory and the main, and sometimes
the only possible, method for studying them is to analyze samples of soil, water, animal organs,
etc consisting of a large number of microbes. In such studies, not individual genomes are
processed, but the so-called generalized “metagenome”. At the same time, existing utilities
designed to assess the assembly quality of individual genomes cannot be used to perform
evaluation and comparison between metagenomic assemblies, since these utilities do not take
into account the specific features of such data. The following features of metagenomic data sets
are taken into account and processed in MetaQUAST: (i) an unknown species composition of the
sample (reference sequences are identified using computational methods and downloaded from
the Internet), (ii) a huge variety of presented species (comprehensive reports are provided
separately for an unlimited number of genomes), and (iii) the presence of closely related species
(chimeric connections are found in assemblies and are marked as a special kind of errors). The
capabilities of MetaQUAST were demonstrated in the paper Mikheenko et al., 2016a when
comparing the results of several leading genome assemblers on one simulated and two real
metagenomic data sets.

Icarus became the first genome browser designed to assess the quality of genomic
assemblies and visualize assembly errors. Data visualization plays an important role in analyzing
genome sequencing data. At the same time, sequencing technologies and related computational
methods are developing much faster than approaches to visualizing the data produced by them.
To address this problem, we developed the tool allowing to interactively assess the quality of the
studied data from different points of view. In addition, Icarus can be used both in studies with a
known reference genome, and in studies of new species, as demonstrated in details in Mikheenko
et al., 2016b.



