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[aHHasa paboTa nocesilieHa pa3paboTke anropMTMOB MeTareHoMHon cbopkn. MeTtareHom
npeacraBnsgeT cobon cmecb OakTepuii B NpupodHon cpene obutaHusi. MeTtareHOMHble
OaHHblE OYEHb CUITbHO pa3nMyalTCs MO pasmMepy M CIOXHOCTWU: OT AOBOSIbHO MPOCThIX
MeTareHOMOB Ha MOBEPXHOCTU YEerioBEYECKOM KOXW, COCTaBNANLLMX HECKOSbKO AECATKOB
pPas3fiMyHbIX OPraHM3MOB, [0 CIIOXHbIX MOYBEHHbIX METareHoMOB, KOTOpble MOryT
cogepxaTb B cebe ThicsuM pasnmyHbIX WTamMmMoB. 3agadva cOOpkM MeETareHoMOB COCTOUT B
onpeaeneHum reHOMHOM nocnegoBaTenbHOCTH Kaxgoro MUKpOOpraHuama,
npegcrtaBneHHoOro B OOMbLIOM  KoOnMyecTBe, B 3TOM o6pasue. BaxHocTb cOopku
MeTareHOMOB CIOXHO nepeoueHnTb. B  HacToswee BpemMsa nNpoBeOeHO MHOXECTBO
NccnegoBaHUN, CBA3bIBAKOLWIMX MUKPOOMOM 4enoBeka M 3aboneBaHus: OT ayTu3Ma Ao
6onesHn KpoHa, uccrnegoBaHue 340pOBOW MUKPOOMOTbI MO3BONSAET npegnaraTb fedYeHune
unu peabunurauMilo ¢ MOMOLLUBIO Nepecagkm MUKPOOMOTbl Mexay noabMu. Takke
MUKPOOMOM MOXET CHYXXUTb MCTOMHMKOM HOBbIX J1I€KApCTBEHHbIX NpenapaToB, Tak Kak
GakTepum NpPoOu3BOAAT MHOXECTBO aKTMBHbIX BELLECTB, KOTOpble, B TOM 4ucne, MoOryT
noaaensaTb POCT Apyrnx OakTepuini. AnNroputMbl FTEHOMHOM COOPKM MPUHUMAKOT Ha BXOQ,
CrnlyvanHble NOACTPOKM FTEHOMOB, a pe3ynbTaToM SABMSEeTCA Tak Has3blBaemas reHomHas
cbopka — YepHOBOW BapuaHT nocnegoBaTelbHOCTU rEHOMOB OPraHNM3MOB.

3apaya cOOpkM reHoMa W3 KOPOTKMX (hparMeHTOB SIBMNSETCS BbIMUCIUTENBbHO KpanHe
CNOXHOW M3-3a OGonbworo obbema obpabaTbiBaeMbiX [OaHHbIX, OWMOOK B CYMTAHHbIX
dparmMeHTax, WX OTHOCUTENbHO KOPOTKOM AnuHbl (06bldHO 100-1000 HykneoTnaoB —
€OVHNYHbIX OIIOKOB FEHOMHOW mnocnefoBaTeNnbHOCTK). B cnyyae meTareHOMOB K 3TOMY
npubaBnsieTcs HanuynMe B [OaHHbIX ONU3KOPOACTBEHHbIX LITAMMOB, TFOPWU3OHTaNbHO
NepeHeCeHHbIX FTeHETUYECKNX 3NTIEMEHTOB Y HEPAaBHOMEPHOE MPEeACTaBNEHHOCTb Pa3fIMYHbIX
Bngos. Kak cnegcreme, npobrnema metareHOMHon cbopkm B obLiem Buge He MOXeT OblTb
peLleHa C MOMOLLIbIO TOJbKO KOPOTKMX pparmeHToB. OgHako, COBPEMEHHbIE METAreHOMHbIE
COOPLUMKMA MCMONb3YIOT pasfnnYHble 3BPUCTUYECKME anropuTMbl, NO3BONsKOLWME cobupaTtb
GonbLUy0 A0 BbICOKONPEACTABMEHbIX OPraHM3MOB B ANMHHbIE MOCNEAOBAaTENbHOCTU -
KOHTUIN. Ha gaHHbIA MOMEHT CyLLEeCTBYET HECKOSIbKO OECSATKOB MeTareHOMHbIX COOpPLLMKOB
OISt KOPOTKMUX NMPOYTEHUIA.

MpeacTaBneHHass Ha KOHKypc paboTa sBnsieTcsl pacluMpeHMeM nporpaMmbl ansi c6opkm
baktepuanbHblix reHomoB SPAdes (Bankevich et al., Journal of computational biology, 2012),
paspaboTka koToporo Owbina HayaTa B 2011 rogy B CII6AY un npogomkaetca B CII6IY,



HaudnHas ¢ 2015 roga. B 2015 rogy komaHaa, cocroduwias us Hypka C.10. n Menewko O.A.,
Hadana pas3paboTky meTareHoMHoro cbopuinka metaSPAdes. PaspaboTtka metaSPAdes no
npexHemMmy akTuBHa. B TedeHme OByx neT ¢ MOMeHTa cTapTa, Obina onybnukoBaHa ctaTbs B
XypHane Genome Research, a Takke yCTHbI goknag obin npeactaeneH Ha RECOMB-2016
(Jloc-Anpxenec, CLUA). B Hactoswee Bpems metaSPAdes wucnonb3yetca B COTHSX
nabopaTtopuini MO BCeEMy Mupy, nporpamMmMmHoe obecrneyeHve akTMBHO noadepXuBaeTcs,
paspabaTbiBaloTCa Mogynu gns paboTbl ¢ HOBbIMM Tunamu AaHHbix (Tolstoganov et al.,
2019, Bioinformatics) wnnn peweHns 3agad, cneunduyecknx AnNs CMEXHbIX obnacrten
(Meleshko et al., 2019, Genome Research). Bcsa paspaboTaHHas Hay4HO-TEXHMYECKas
NPOAYKUMS HAXOOUTCA B OTKPbLITOM AOcTyne Ha nnaTtdopme GitHub un cante nabopaTtopum -
http:// cab.spbu.ru/software/spades.

metaSPAdes KOMNMEKCHO pellaeT npobnembl cOOpKM MeTareHOMHbIX AaHHbIX, Takne Kak
Hanuuve pegknx WTaMmoB, OO0MblIOEe KOMMYECTBO [AaHHbIX, Hanuyne MexXBUOOBbIX
NMOBTOPOB, OObLEAMHS  HOBble  BbIYUCNUTENbHbIE  MAEM W MPUEMbl,  XOPOLLO
3apekoMeHgoBaBLIME cebsi B 6Oonee paHHUX WHCTpPyMeHTax cemenctea SPAdes.
metaSPAdes ocylecTBnsieT cOOpKy B LUMPOKOM AManas3oHe 3HA4YeHUIr NOKpPbITUS FTEHOMOB,
obecneyrBaga pa3yMHbIn 6anaHc Mexay TOYHOCTbIO U hparMeHTUPOBaHHOCTLIO cOopoK. Mpu
aHanuse cmecu 6nM3KOPOACTBEHHbIX WTammMoB metaSPAdes cTaBuT 3agady peKoHCTPYKLMM
ux “KOHCEHCYCHOW” MocnefoBaTeribHOCTM, B TOM u4ucfe 3a cdeT notepu oparMeHToB
reHOMOB OTHOCUTENbHO PeaKMX LUTaMMOB.

B npouecce pa3paboTku 3HauMTenbHOEe BHMMaHue Gbino yaeneHo cpaBHeHuio metaSPAdes
C TpeMms Haubonee nNOMynspHbLIMU Ha CEroAHAWHUA OeHb MeTareHOMHbIMU cHopLuMKamu:
IDBA-UD, Ray-Meta n MEGAHIT, Ha MeTareHOMHbIX AaHHbIX pPasnuyHoOM Mpupoabl.
lMpoBeaeHHbIM aHanu3 nokasarn, 4Yto coopkn metaSPAdes meHee hparmMeHTUpoBaHbl, YEM
cbopkmM Opyrux nporpaMmm, nNpu 3TOM KONMYECTBO OLUMOOK BHECEHHbIX COOPLUMKOM peako
npeBbIlaeT KONMMYEeCTBO OWWUBOK, KOTOpble BHOCAT COMepHuku. Takmm obpasom,
metaSPAdes B HacTosee Bpems ABNSETCS NyywmM BblI6opoM Ans cOOpKM MeTareHOMHbIX
AaHHbIX NpakTudeckn nwbon npupodbl, YTO NoATBepXaaeTcda OGONbLUIMM  KONMYECTBOM
LUMTUPOBaHWUI UccrieqoBaHMsa MM onyGrMKoBaHHbIMK B XXypHanax ypoBHs Nature n Science.
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This work is dedicated to algorithm development for metagenomic assembly. Metageomic
data is a mix of bacteria in their environment. Metagenomic data varies greatly in terms of
size and complexity: from the most simple metagenomes on the human skin (starting from
10 species) to complex soil metagenomes (can have more than 1000 strains). Metagenomic
assembly aim to determine the nucleotide sequence of each relatively abundant
microorganism in the sample. It is hard to overestimate the utility of metagenomic assembly.
Currently, there exist multiple studies that revealed connections between microbiome state
and diseases: from autism to Crohn's disease. Multiple studies showed that microbiome
transplantation from healthy human can cure some diseases or ameliorate symptoms.
Finally, microbiome can be a rich source of novel drugs. Bacterias produce multiple
biomedically active compounds encoded in their DNA. These compounds can have even
antimicrobial effect on other species. Genome assembly algorithms take reads (small
random substrings of the genome) as input. Result of genome assembly is draft genome
sequences for all species.

Genome assembly from reads is extremely challenging because of large data volume,
sequencing errors, relatively short length (100-300 nucleotides). For metagenomes we
should also consider potential presence of multiple close strains and different abundance
among species, and repetitive elements that are transferred horizontally between species.
Thus, metagenomic assembly can’t be solved precisely by using exclusively short-reads.
Modern metagenomic assemblers use different heuristics that allow them to assemble most
of high covered species into sets of long sequences - contigs. Currently, there are dozens of
short-read metagenomic assemblers.

The works submitted for the competition represent extensions of SPAdes -- genome
assembly tools for isolate bacterial genomes (Bankevich et al., Journal of computational
biology, 2012). SPAdes development started in 2011 and have been held in SPbU from
2015. In 2015 a team of Nurk S.Y. and Meleshko D.A. started devolopment of metagenomic
assembler -- metaSPAdes that is still active. In the first two years we published an article
about implemented algorithms in Genome Research journal and gave an oral presentation
on RECOMB-2016 conference (Los-Angeles, USA). Today metaSPAdes is being used as
the main metagenomic assembler in hundred laboratories around the globe, we provide full
software support and develop modules for emerging data types (Tolstoganov et al., 2019,
Bioinformatics) or tackling specific interdisciplinary problems (Meleshko et al., 2019,



Genome Research). metaSPAdes is freely accessible on GitHub of laboratory website -
http://cab.spbu.ru/software/spades.

metaSPAdes comprehensively solves metagenomic assembly problems, such as rare
strains in the data, large volumes, interspecies repeats, combining new computational
algorithms with approaches that proves their utility in previous SPAdes-family tools.
metaSPAdes is able to assemble genomes of completely different coverage, provides a
reasonable tradeoff between contiguity and number of assembly errors. When dealing with
related strains, metaSPAdes aims to reconstruct the most abundant strain (or “consensus”
sequence) utilizing fragments of low-abundant strains.

During development we paid a lot of efforts to comprehensively compare metaSPAdes with
the most popular metagenomic assemblers: IDBA-UD, Ray-Meta, MEGAHIT on datasets of
different complexity. Analysis revealed that metaSPAdes assemblies are less fragmented
that other assemblies. At the same time, the number of assembly errors introduced is
comparable of less than in contender’'s assemblies. Thus, currently metaSPAdes is the
number one choice in metagenomic assembly of any kind, that is proven by the large
number of citations and studies published in Nature and Science journals.



