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HoBble rOPU30HTbLI aNrTOPUTMUYECKOU
OMOMHOPMAaTUKA

Anna JleBoBHa Jlanngyc

Professor, Department of Cytology and Histology, SPbSU
Deputy director, Centre for Algorithmic Biotechnology, SPbSU
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1. LleHTp anropntMmnyeckom dDMOTEXHOSOIMMN - HEMHOIO CYXOW
CTaTUCTUKU



Biotechnology

St. Petersburg State University

CAB Aigorichmic
Hnn

B CIo6rlY c KoHua 2014 roga - B paMKax OTKpbITOro KoHkypca CM6ry Ha co3gaHue
nccnenoBaTeNbCKMX 1abopaTopmm noa pyKoBoACTBOM BeAyLMX YYEHbIX




«LleHTp anroputmnyeckon BMOTEXHOMOrMU»

(LAB)

Pykosoaguteno nabopartopum — .A. lNeB3Hep, npodeccop KannmdopHUNCKOTO
vHuBepcuteta B CaH-Aunero (University of California San Diego, USA), K.d-M.H.

3amectutenb pykosogutena — A.J1./lannagyc, npodeccop Kadeapbl LUTONOTNM
n rmctonormm Criery, K.6.H.



«LleHTp anroputmnyeckon BMOTEXHOMOrMU»

(LAB)

YucneHHocTtb nabopatopun
2015 rop, - 14 yenoBekK, N3 KOTOPbLIX 2 KAaHAMAATA HAYK

2018 rog, - 20 yenoBek, 13 KOTOPbIX 4 KaHAMAATA HAayK + 1 paboTa NpuHATA K 3aWmTe
Ha nonyyeHue cteneHu CMNo6NrY

CpepHum Bo3pacT - 27 ner
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«LleHTp anroputmnyeckon BMOTEXHOMOrMU»

(LAB)

HayuyHbie napTHepbl (Collaborators)

Yale University

Scripps Institution, UCSD
University of British Columbia

The Wellcome Trust Sanger Institute
University of Hong Kong

John Hopkins University

UCSD

JCVI

Joint Genome Institute (JGI, LBNL)
EMBL-EBI

v" Brain and Mind Research Institute,
(Weill Cornell Medicine, USA)

v’ Institute for Agricultural and Forest Systems
in the Mediterranean (ltaly)
Juno Therapeutics
Genentech

AstraZeneca Oncology




«LleHTp anroputmnyeckon BMOTEXHOMOrMU»

(LAB)

HayuHble naptHepsbl (Collaborators)

St Petersburq:

v A.C. Imotos, CIery, "TbM
v' UeHtp OobpxaHckoro, Cro6ry

v A.H. CyBopoB, IHCTUTYT 3KkcnepMMeHTanbsHon MeguLuHbl
v NTMO

Moscow
Dmitry Chudakov and Mikhail Shugay, Institute of Bioorganic Chemistry

Novosibirsk
NHcTuTyT umtonorum n reHetukn CO PAH



«LleHTp anroputmnyeckon BMOTEXHOMOrMU»

(LLAB)

2015-2018 ropa,
NMyébaukaumm — 53:

Nature family — 5; PNAS — 3; Genome Biology — 2, Genome research — 2

[JoKknaabl Ha meXXAyHapoAHbIX KOHPepeHUMNAX — 62
[lpenmyLLecTBeHHO npurialleHHble

PULQ
[OCYyOapCTBEHHYIO permcTpaumio NpoLwam 5 nporpaMmHbIX NPOAYKTOB
M NOArOTOBJIEHbI K perncrtpauunmn eule 2



KonnyecTtBo UMTUpOBaHUN Nyonnkaumm B
cucteme Google Scholar

Alla Lapidus Uarepyerca: 22 4064
10. h St. Petersburg State University, Casur MetepbyDrokda rocyaapcT BeHHbIA YHRBEPCHTET
- MogreepwaeH aapec ANEKTPOHHOR NOYTEH B AoMEHe Spbu.ru

bioinformatics genomics MOOC

Bce no3vumm ¢ 1-om no 9-yto n ¢ 11 no 20-yto 3aHMMaKT MY>XUUHBI...

Alexey Gurevich Uurwoveren:. 5 229
20 3t. Petersburg State University, Center for Algorithmic Biotechnology

Moarpepesned aapes ANeLTROHHOM NOYTE & SoMeHs sobu.ru
Bioinformatics Computational Biclogy Genome Assembly  Metabolomics

https://scholar.google.ru/citations?view_op=view_org&hl=ru&org=2752555203031532274&before_author=BXpy 5pWAAAJ&astart=0



[IpemMunn 3a BbICOKYHO LIUTUPYEMOCTb

v -
Al I ==
A (=3
0 ==t

i

2 Clarivate
Analytics

Web of Science
Trust the difference

Web of Science Awards 2017

presented to \

Alexey A. Gurevich

in the category of

HIGHLY CITED RESEARCHER RUSSIA
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Term Bioinformatics

TepmunH buonHpopmartumka 6bin1 BBegeH B 1970-om roay ronnaHackmmm
6buonoramu NaynmneHomn Xorser u beHom Xecnepe, n3y4yasMmm

CBOMCTBA C/IOXKHbIX ANHAMUNYECKUX BNOSTOTMYECKUX CUCTEM



UTo Takoe bmonHdopmaTmnka?

KomnbloTepbl B bnonornmn
[lporpammmpoBaHue
MaTtemaTuka
BIG data
AHann3 oaHHbIX
OcmbicneHne oaHHbIX

[lpyMeHeHune
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mers

sequence

de Bruijn graph

MaTtematuk: AHK
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KTo Takon bmonHgpopmaTmk?

Computer scientist
(+Mathematicians, Statisticians, etc.)
Develops tools, pieces of software and
algorithms to store and analyze data.
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1,003 reference genomes of
bacterial and archaeal isolates
expand coverage of the tree of
life

Nature Biotechnology 35, 676—
683 (2017) doi:10.1038/nbt.3886

Evolutionary drivers of
thermoadaptation in enzyme
catalysis.

614 protein families with
currently unknown structures

Science 20 Jan 2017: Vol. 355,
Issue 6322, pp. 289-294
DOI: 10.1126/science.aah3717

MNucleic Acids
Research

e@ 9 @r
J. J;;r- i _'_th}
25N
- 3 Dg

el e §

@.PLOS ‘ BIOLOGY

IMG-ABC: new features for
bacterial secondary
metabolism analysis and
targeted biosynthetic gene
cluster discovery in thousands
of microbial genomes

Nucleic Acids Res (2017) 45
(D1): D560-D565. DOI:
https://doi.org/10.1093/nar/gkw11

03

Genomic encyclopedia of
bacteria and archaea:
sequencing a myriad of type
strains.

PLoS Biol. 2014 Aug
5;12(8):€1001920. doi:
10.1371/journal.pbio.1001920.




bnonHmpopmaTtuka — ato HAYKA

1-n 3aKOH OMOMH(pOPMaATUKN

GARBAGE IN §=

GARBAGE OUT
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«LleHTp anroputmnyeckon BMOTEXHOMOrMU»

(LAB)

OCHOBHbI€ Hay4YHble UHTepecbl — aIT0PUTMMYEcKaad BUONHPOPMATUKA
B 0bnactu:
2eHOMHoU cbopKu
Mema2eHOMUKU, MPAHCKPUNMOMUKU, UMMYHO2EHOMUKU,

MOUCKQA HOB8bIX AHMUbUOMUKOS8



BusntHas kaptouka naboparopum
x Neo1

SPAdes

\ j ea Ie® Search by name:

genomics The Elements of Bioinformatics
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B SPAdes (St. Petersburg State University)

SPAdes citations - APRIL 6,2018
Velvet (Oxford) 7
1400 SOAPdenovo (E.’,eijing 1370
Genome Institute)
AllPaths (MIT)
1200 1 ABySS (British
Columbia Genome
Center) 1000 1020
1000 965
IDBA-UD (University %7
of Hong Kong) 869
800
600 547 567
502 507 477
400 381 . 32 >
333 336 329 354
280
200 155 156
103 131 107 94 100
87 79
a4 64 l 74 67
9
o Il
2013 2014 2015 2016 2017 2018




1600 . MSPAdes (St. Petersburg State University)

el (Oxford) SPAdes citations - MAY 22,2018
1400 SOAPdenovo (Beijing 1370

Genome Institute)

AllPaths (MIT)
1200 1 1 ABySS (British

Columbia Genome

Center) 1000 1020
000 965
' IDBA-UD (University %7

of Hong Kong) 869
800

636
600 547 567
502 507
477
418 392
381
400 333 336 329 354
280 302
215
200 155 131 156 169
103 107 94 37 2 121 99
_ - 14
o Il

2013 2014 2015 2016 2017 2018
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1. DNA isolation ‘
== | gus

3. Library preparation

-

1ACCGTGATT
2TCACGATC
3GACTTCAT

4TCGTCTAC
5CAGGCTCG

6. Genome reconstruction

4. Sequencing run (’
(assembly)

a8

Elena Strelnikova for CAB, 2015

g

k 5. Sequencing reads



Why genome assembly and
why it Is hard...




Why genome assembly and
why it Is hard...




1 2 3 - 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y

Human genome Project - not the genome! -is finished

W Gaps

http://genomerererence.org



BunantHaga kapto4yka nabopatopun
Neo?

QUAST - Genome assembly evaluation tool

S.aureus dataset, reference-based evaluation, contig alignment viewer:

|carus . —5x go to coordinave FESEs

QUAST Contig Browser Show misassembilies: £3 relocations (27) 2 translocations (0) £Z inversions (0) 5 local (3)

Contig alignment viewer. Contigs aligned to "Staphylococcus aureus”

AS e
length: 2715254
contigs: 832
misassemblies: 2+0
ABySS [1ext)
length: 284 7969
conbigs: 179
misassemblies: 3+0
IDBA-UD [teo)
length: 2882371
contigs: BS
misassemblies: 4+1
Ray {1ext)
length; 2B07605
contigs: 78
misassemblies: 12+1
SOAPdenovo2 |
length: !ssm?u
contigs: 1009
missssemblies: 0+0
SPAdes [1ext)
length: 2885012
contigs: 58
misassemblies: 3+1
= I - _-_

Veivet
length. 2727200
Staphylococcus aureus (2872769 bo)

conbigs: 330
misassemnbhes: 3+0

!26545 ‘325 68 ISHCN ‘4“4 17 ISEZ&‘I ‘52‘“ I-SB‘ 12 |?dl:36
Show annotation
Show.coverags
=
as |l Em eeamm—es e smETTET
ABysS —— i
IDBALD BEEmu ety R — ey
Ray EE— e es s e ——— e — e =
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. > ; ; - ]
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Hide

Coverage
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QUAST - Genome assembly evaluation tool
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BunantHasa kapTtoyka nabopatopun
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CRB Center for
Algorithmic HOME ABOUT US RESEARCH SOFTWARE MEMBERS
Biotechnology

St. Petersburg CONTACTS

Rl | Antibiotics discovery

a new a new \.
product product
O LA

metaSPAdes plasmidSPAdes rnaSPAdes truSPAdes

& &
Q Q Q O Education
Q

Immunoinformatics

QUAST MetaQUAST rnaQUAST

— Sp——— [ http://cab.spbu.ru/our-software/



Antibiotics discovery

e Antibiotics — natural substances that kill bacteria or suppress their
reproduction

e People use antibiotics more than they should (even for viruses)

e Some bacteria may survive




Antibiotics discovery

They evolve and become resistant
e Drug resistance is a major concern worldwide!

e People need new-generation drugs

how  Multi-drug  reslstant
bacterla came t(O) be...



Antibiotics discovery challenge

How to discover potential antibiotic among millions of proteins?




Metabolo-genomics

the emerging approach that combines genomic and proteomic data to
identify biologically active organic compounds that could be used as a
natural source for novel antibiotics and other drugs
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Metabolo-genomics

» DNA sequencing technologies in genomics

» high-throughput mass spectrometry-based analysis that includes
database search of mass spectra against already known metabolites

» algorithms and bioinformatics tools to expedite research




Metabolo-genomics

» DNA sequencing technologies in genomics

» high-throughput mass spectrometry-based analysis that includes
database search of mass spectra against already known metabolites

» algorithms and bioinformatics tools to expedite research



, 2007
Genome sequencing reveals complex secondary

metabolome in the marine actinomycete
Salinispora tropica

Daniel W. Udwary?*, Lisa Zeigler*, Ratnakar N. Asolkar*, Vasanth Singan, Alla Lapidus’, William Fenical*,
Paul R. Jensen*, and Bradley 5. Moore**$
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*Scripps Institution of Oceanography and *Skaggs School of Pharmacy and Pharmaceutical Sciences, University of California at San Diego,
La Jolla, CA 92093-0204; and "Department of Energy, Joint Genome Institute-Lawrence Berkeley National Laboratory, Walnut Creek, CA 94598
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Fig.2. Selected genes from S. tropica modular biosynthetic enzyme systems
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Streptomyces coelicolor

“*Antibiotics factory”
29 biosynthetic gene clusters, including 3 NRPS
(nonribosomal peptide synthetase)

— Coelichelin: 3 A-domains Assembled with SPAdes in 1 contig in minutes

— Nogalamycyn: 2 A-domains Assembled with SPAdes in 1 contig in minutes

— Calcium-dependent antibiotic: 12 A-domains - Butthese were not ....

Data from Weber et al, Nucleic Acid Research 2015

http://themidult.com/there-is-an-upside-to-feeling-down/



Streptomyces coelicolor

“*Antibiotics factory”

29 biosynthetic gene c
(nonribosomal pe

usters, including 3 NRPS

ntide synthetase)

— Coelichelin: 3 A-domains Assembled with SPAdes in 1 contig in minutes

— Nogalamycyn: 2 A-domains Assembled with SPAdes in 1 contig in minutes

— Calcium-dependent antibiotic: 12 A-domains -> need special tool to
deal with complex structures to assemble these domains!

Data from Weber et al, Nucleic Acid Research 2015



New tool to solve difficult repeat structures

bgcSPAdes
converts complex subgraphs like this @ ™\
A\ !
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Metabolo-genomics

» DNA sequencing technologies in genomics

» high-throughput mass spectrometry-based analysis that includes
database search of mass spectra against already known metabolites

» algorithms and bioinformatics tools to expedite research



Global Natural Products Social (GNPS)
molecular network

Please Login to Use Workflows

The Future of Natural Products Research and Mass Spectrometry

O0—0

B £ Youlube

ra
Ld

P o) 2497259

Data Analysis

The Data Analysis portal will allow you to
organize and visualize your mass spectrometry
data. Leveraging the molecular networking
techniques, there are additional tools to aid

| in understanding the unknowns in your

sample. Check out the documentation and live
demo. Further, a separate dereplication

workflow is provided as a standalone workflow.

B £ VYoulube [2

Create Public MassIVE Datasets

Submit your own data to be made public
MassIVE datasets. These MassIVE datasets
must be prefixed with GNPS to be visible
to other GNPS users. Take advantage of
continuous identification to learn more

“" about your dataset after publication

automatically. New hits to the community curated libraries and
related datasets are reported. Documentation

GNPS copgepxunt bonee
MuUnnvapaa Macc-CriekTpoB
bronorn4yeckm akTUBHbIX
COeIMHEHNIN, CODPaHHbIX BO
BCEM MUpE

=> Heobxo0uUMbI ari2opummabl
rnoucka HartypanbHbIX
nenTuaHbiX npoayktos (PNP)
8 amou macce OaHHbIX

https://gnps.ucsd.edu/ProteoSAFe/static/gnps-splash.jsp



Antibiotics discovery challenge

How to discover potential antibiotic among millions of proteins?




PNP discovery challenge

How to discover new PNP among millions of proteins?




Metabolo-genomics
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Identification
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Dereplication
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De novo sequencing
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Spectral networks
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Dereplication

- TECTUPOBaAHME 0Opa3LIOB cMecen Ang
pacrno3HaBaHUs U UCKNOYEHUA U3 PACCMOTPEHUS
TEX aKTUBHbIX BELLECTB, KOTOPbIE YyXe bblfn paHee
oXapaKkTepu3oBaHbl

NS Ly .
/W_’ :: ‘_LLLI_ ‘.l.l_LL |

Benchtop MST '.; C \ /
ereplication

http://pubs.rsc.org/en/journals/articlecollectionlanding?themeid=4d49-6d56-

1426-2b79-c1d6-d55f-221¢-93b2 http://cab.spbu.ru/software/dereplicator/



http://pubs.rsc.org/en/journals/articlecollectionlanding?themeid=4d49-6d56-
http://pubs.rsc.org/en/journals/articlecollectionlanding?themeid=4d49-6d56-
http://pubs.rsc.org/en/journals/articlecollectionlanding?themeid=4d49-6d56-
http://pubs.rsc.org/en/journals/articlecollectionlanding?themeid=4d49-6d56-

Dereplicator

- a computational tool for identification of known
natural products from LC/MS-MS data.

AN

Mcrnonb3yeT 0a3y AaHHbIX XUMUYECKUX CTPYKTYP

reHepupyerT In-silico Macc-cneKkTpbl COeANHEHNN, NpeacKa3biBas,

Kak OHN pparMeHTUpyroTCs BO BPEMS MACC-CNEKTPOMETPUN

v’ 00beanHSAEeT nx ¢ akcnepumMmeHtTanbHbiMu LC / MS-MS gns
oOHapyXeHns cxoacTsa

v' KOHBEPTUPYET OLEHKN NOA0OUA B CTAaTUCTUYECKYHO 3HAYMMOCTb

AN

Collaborative Development with University of California, San Diego _
https://www.nature.com/articles/nchembio.2219 http://cab.spbu.ru/software/dereplicator/



Immunoinformatics at CAB

AHTUTEno (aHrn. antibody) — 6enok
(MMMYHOrNOBYNNH), CUHTE3UPYEMbIN
B-numgoumntamum B opraHn3mMe 4YenoBeka
1 XXMBOTHOIO B OTBET Ha nonagaHue B
\_/éﬁgﬂimﬂ Hero 4y>epogHoro BeLlecTsa U
Nerfan obnagarowmmn cneymndonvecknm

cpoaACTBOM K 3TOMY BeELLECTBY.

I CTDHHHEF!J
obnacTb

AHTUTENa npoayunpyroTcsd MMMYHHOW
cucTteMoun ang HeutTpanusauum
aHTUTEeHOB (YYy>XepodHbIX MONeKyn)

http://cab.spbu.ru/research/immunoinformatics/



PenepTyap aHTUTEN

Peneptyap aHTUTEN — CyMMapHOE KONMUYECTBO TUMOB
aHTUTEN, XapakTepuayLwmx pyHKLUNOHANbHOE COCTOAHNE
MMMYHHOWM CUCTEMbI MHOMBUAYYMA B AAHHbIA MOMEHT
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PenepTyap aHTUTEN

[locTpoeHue penepTtyapa aHTUTENn W3 AaHHbIX cukBeHca [OHK
(NGS) n ero aHanunsa gaenarTCA BaXXHbIMW Waramu B paspaboTke
NleKapCTBEHHbIX MpenapaTtoB Ha OCHOBE aHTUTESN N KITMHUYECKMX
nccriedoBaHuUn
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Selected B-cells Sequencing reads Antibody repertoire

x 1
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http://cab.spbu.ru/research/immunoinformatics/



Antibody repertoire sequencing (Rep-seq)

Length: ~360 nt
V D J

Left read >

Right read

VDJ from DNA or RNA Error-prone immunosequencing
reads 55
Turchaninova et al, Nat Protocols, 2016
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Selected B-cells

Immunoinformatics analysis
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Mass spectra

ST

Repertoire Evolutionary
construction analysis
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: : 21 Statistical analysis
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Antibody repertoire

Similarity
Mass spectra computation
identification between
NGS & MS

Immunosequencing data opens
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Immunoinformatics at CAB
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of somatic hypermutation (SHM)
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http://cab.spbu.ru/research/immunoinformatics/
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Antibody drugs

In 2017, global sale revenue for
antibody drugs was $90 billion

Number of mAbs approved each year
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Bioinformatics education: online

e Introduction to bioinformatics for biologists
o Coursera (2014)

e Introduction to bioinformatics: Metagenomics (2016)
o Coursera, Opened Education Platform, Stepik

e Introduction into Linux for biologists (2015)

o Stepik

(Introduction to Bioinformatics)



https://www.coursera.org/learn/bioinformatika

How they differ from other bioinformatics
courses on Coursera

(and not only Coursera)

e Ha pycckom fa3blke
 New - “along the project” — wet lab + algorithms

e Practical



“BBegeHne B bmonHdopmartky”
&
“BeBegeHune B ouonHdopmartky: METAIEHOMWKA”
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TOTAL: 1339 new students/month



Bioinformatics education: offline

Bioinformatics for biologists

o Introduction to bioinformatics (1 semester main course, MS)

o Two year MS program “Bioinformatics” (will start September 2018)
Algorithms, statistics and sequencing data analysis for computer scientists
Genomics workshops (Russia, Finland, Italy)

Summer schools for undergraduate students

Summer internships at CAB



Bioinformatics education: offline
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