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TITLE CITED BY YEAR

Metagenome assembly
Assembling single-cell genomes and mini-metagenomes from chimeric MDA products 977 2013

S Nurk, A Bankevich, D Antipov, AA Gurevich, A Korobeynikov, A Lapidus, ...
Journal of Computational Biology 20 (10), 714-737

metaFlye: scalable long-read metagenome assembly using repeat graphs 189 2020

M Kolmogorov, DM Bickhart, B Behsaz, A Gurevich, M Rayko, SB Shin, ...
Nature Methods 17 (11), 1103-1110

(Meta)genome assembly quality control

QUAST: quality assessment tool for genome assemblies 5293 2013
A Gurevich, V Saveliev, N Vyahhi, G Tesler

Bioinformatics 29 (8), 1072-1075

MetaQUAST: evaluation of metagenome assemblies 371 2016
A Mikheenko, V Saveliev, A Gurevich

Bioinformatics 32 (7), 1088-1090

Metagenome interpetation quality control

Critical assessment of metagenome interpretation—a benchmark of metagenomics 565 2017
software

A Sczyrba, P Hofmann, P Belmann, D Koslicki, S Janssen, J Droge, ...

Nature methods 14 (11), 1063-1071

Tutorial: assessing metagenomics software with the CAMI benchmarking toolkit 22 2021
F Meyer, TR Lesker, D Koslicki, A Fritz, A Gurevich, AE Darling, A Sczyrba, ...

Nature protocols 16 (4), 1785-1801

Critical Assessment of Metagenome Interpretation: the second round of challenges 39 2022
F Meyer, A Fritz, ZL Deng, D Koslicki, TR Lesker, A Gurevich, G Robertson, ...
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Metagenomics for finding natural products, e.g., novel medicines

Metabolic fingerprints from the human oral microbiome reveal a vast knowledge gap of 22 2017

secreted small peptidic molecules
A Edlund, N Garg, H Mohimani, A Gurevich, X He, W Shi, PC Dorrestein, ...
Msystems 2 (4), e00058-17

Dereplication of microbial metabolites through database search of mass spectra 162 2018
H Mohimani, A Gurevich, A Shlemov, A Mikheenko, A Korobeynikoy, ...

Nature communications 9 (1), 1-12

MetaMiner: a scalable peptidogenomics approach for discovery of ribosomal peptide 43 2019

natural products with blind modifications from microbial communities
L Cao, A Gurevich, KL Alexander, CB Naman, T Leéo, E Glukhoy, ...
Cell systems 9 (6), 600-608. e4

Integrating genomics and metabolomics for scalable non-ribosomal peptide discovery 15 2021
B Behsaz, E Bode, A Gurevich, YN Shi, F Grundmann, D Acharya, ...
Nature communications 12 (1), 1-17

Nerpa: A tool for discovering biosynthetic gene clusters of bacterial nonribosomal peptides 4 2021

O Kunyavskaya, AM Tagirdzhanov, AM Caraballo-Rodriguez, LF Nothias, ...
Metabolites 11 (10), 693

Metagenomics for clinical samples
Since July 2022
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Rehner et al., Genomics Proteomics Bioinformatics. 2022



Clinical samples

Traditional
Studies
— >
o %
Sample 1 S
Symptomatic = 10 clinics involved
Microbiome/ :
& .JSIEEC:SL‘EE | e = Extensive
Tt 'E‘ ! Disease %\%fm - N A documentation of
.J| saae o 3 . clinical data
Enrollment Sequencing Data Analysis = \Whole microbiome
IMAGINE seqguencing
) L IMAGINE: Identification of Microbial Antibiotics to
= W protect the physioloGlc microbiota at body surfaces = Long reads (ONT)
O 5‘5]* = Transcriptome
poample 7 = Metabolome (MS/MS)
icrobiomes/
Participant

Many Diseases Rehner et al., Genomics Proteomics Bioinformatics. 2022



Clinical samples —the IMAGINE project
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Metagenome assembly and post-assembly analysis

cleaning

— Adapter trimming

— Quiality filtering

— Host DNA removal

assemblying

— From short reads

— From long reads

— Hybrid

binning

— Genome binning

— Taxonomic binning

profiling

— Taxonomic

—Functional
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Metagenome assembly and post-assembly analysis
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cleaning QC

— Adapter trimming

— Quiality filtering

— Host DNA removal

redo

assemblying QC

— From short reads

— From long reads

— Hybrid

redo

binning QC profiling QC

— Genome binning = Taxonomic

xonomic binning ==Functional

ABYSS, A-STAR, GATB, HipMer, MEGAHIT,
metaSPAdes, OPERA-MS, Ray, ...




CAMI challenges

Open Access | Published: 02 October 2017

Critical Assessment of Metagenome Interpretation—a CAM
benchmark of metagenomics software

Key numbers
Alexander Sczyrba &, Peter Hofmann, Peter Belmann, David Koslicki, Stefan Janssen, Johannes Drége,

= ~700 newly sequenced

lvan Gregor, Stephan Majda, Jessika Fiedler, Eik Dahms, Andreas Bremges, Adrian Fritz, Ruben Garrido- microorganisms and ~600

Oter, Tue Sparholt Jgrgensen, Nicole Shapiro, Philip D Blood, Alexey Gurevich, Yang Bai, Dmitrij Turaey, novel viruses and plasmids

Matthew Z DeMaere, Rayan Chikhi, Niranjan Nagarajan, Christopher Quince, Fernando Meyer, ... Alice C were used for simulating

McHardy & 4+ Show authors metagenome benchmark
datasets

Nature Methods 14, 1063-1071 (2017) | Cite this article

= 215 submissions,
representing 25 programs,

Timeline were received from 16 teams
Seoul WorIdWide
Cambridge
Cambridge Diisseldorf Beriin cambidge ™ 6 g€NOMeE assemblers
——0 O &— =5 genome binners
2014 2015 2016 ) .
| = 4 taxonomic binners

. Public workshops . CAMI challenge opens

O Public hackathons . Submission deadlines: = 10 taxonomic prOﬁlerS

O Developer mestings Assembly, Binning/Profiling



CAMI challenges .'
Analysis | Open Access | Published: 08 April 2022 CAM I

Critical Assessment of Metagenome Interpretation: the
second round of challenges

Key numbers
Fernando Meyer, Adrian Fritz, Zhi-Luo Deng, David Koslicki, Till Robin Lesker, Alexey Gurevich, Gary

= ~1,700 new and known

Robertson, Mohammed Alser, Dmitry Antipov, Francesco Beghini, Denis Bertrand, Jaqueline J. Brito, C. genomes and ~600 new

Titus Brown, Jan Buchmann, Aydin Bulug, Bo Chen, Rayan Chikhi, Philip T. L. C. Clausen, Alexandru viruses and plasmids were

Cristian, Piotr Wojciech Dabrowski, Aaron E. Darling, Rob Egan, Eleazar Eskin, Evangelos Georganas, ... used for SimU|ating

Alice Carolyn McHardy <+ Show authors metagenome benchmark
datasets

Nature Methods 19, 429-440 (2022) | Cite this article = 5002 submissions,

: . representing 36 (76)
Timeline programs, were received
Part a Part b (Rhizosphere) from 30 teams worldwide
16.01.2019 Challenge opens 14.02.2020 Dataset provided

= 8 (20) genomes assemblers

17.05.2019 Assembly challenge closes 29.09.2020 Assembly challenge closes _
8 (18) genome binners

03.06.2019 Clinical pathogen detection 30.09.2020 “Correct” assemblies
challenge starts provided = 7 (9) taxonomic binners
25.10.2019 Challenge closes 31.01.2021 Challenge closes = 13 (22) taxonomic profilers



Do your own benchmark!

Review Article | Published: 01 March 2021

Tutorial: assessing metagenomics software with the
CAMI benchmarking toolkit

Fernando Meyer, Till-Robin Lesker, David Koslicki, Adrian Fritz, Alexey Gurevich, Aaron E. Darling,

Alexander Sczyrba, Andreas Bremges & Alice C. McHardy

Nature Protocols 16, 1785-1801 (2021) | Cite this article

CAMISIM for simulating metagenomes and microbial communities
https://github.com/CAMI-challenge/CAMISIM/

Fritz*, Hofmann*, et al. CAMISIM: Simulating metagenomes and microbial communities. Microbiome, 7:17. (2019)

MetaQUAST for assessing metagenome assemblies
http://quast.sourceforge.net/metagquast.htmi

CAMI

Mikheenko, Saveliev, and Gurevich. MetaQUAST: evaluation of metagenome assemblies. Bioinformatics, 32, 7, 1088 (2016)

AMBER for assessing genome binning methods
https://github.com/CAMI-challenge/AMBER

Meyver, et al. AMBER: Assessment of Metagenome BInnERS, GigaScience, 7, 6 (2018)

OPAL for assessing taxonomic profilers
https://github.com/CAMI-challenge/OPAL

Meyver, et al. Assessing taxonomic metagenome profilers with OPAL, Genome Bioloqgy, 20:51 (2019)



https://github.com/CAMI-challenge/CAMISIM/
https://doi.org/10.1186/s40168-019-0633-6
http://quast.sourceforge.net/metaquast.html
http://dx.doi.org/10.1093/bioinformatics/btv697
https://github.com/CAMI-challenge/AMBER
https://doi.org/10.1093/gigascience/giy069
https://github.com/CAMI-challenge/OPAL
https://doi.org/10.1186/s13059-019-1646-y

The IMAGINE data processing

cleaning assemblying binning profiling
fastp metaSPAdes metaBAT MetaPhlAn
(timming and (short reads) (genome) (taxonomic)
filtering)
Kraken HUMARNN
kneaddata (taxonomy) (functional)

(host DNA removal)
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Plasmids in IMAGINE

Bacterial plasmids play a key role in the horizontal
transfer of antimicrobial resistance genes

Schmartz et al, Nucleic Acids Res. 2021
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Plasmid Containment
comparison analysis

> 34,000 records
https://ccb-microbe.cs.uni-saarland.de/plsdb



https://ccb-microbe.cs.uni-saarland.de/plsdb

Plasmids in IMAGINE*
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Resistance factors in PLSDB plasmids mapped to metagenome assemblies
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Biosynthetic gene clusters in IMAGINE

Many natural products are encoded in BGCs

biosynthetic
gene cluster
mining

anti

S

https://antismash.secondarymetabolites.org/

Russell, Truman, Comp. and Struct. Biotech. J. 2020
Blin et al, Nucleic Acids Res. 2022


https://antismash.secondarymetabolites.org/

Biosynthetic gene clusters in IMAGINE*
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More information will follow..
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