
1

Metagenome assembly and 

post-assembly analysis of

complex clinical samples

Alexey Gurevich, Department of Clinical Bioinformatics

Geneva, 20.10.2022



22

Research Background 

Metagenome assembly

(Meta)genome assembly quality control

Metagenome interpetation quality control
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Research Background 

Metagenomics for finding natural products, e.g., novel medicines

Metagenomics for clinical samples

Since July 2022
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Clinical samples
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Clinical samples

IMAGINE: Identification of Microbial Antibiotics to

protect the physioloGIc microbiota at body surfaces

▪ 10 clinics involved

▪ Extensive 

documentation of

clinical data

▪ Whole microbiome

sequencing

Rehner et al., Genomics Proteomics Bioinformatics. 2022
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Clinical samples

IMAGINE: Identification of Microbial Antibiotics to

protect the physioloGIc microbiota at body surfaces

▪ 10 clinics involved

▪ Extensive 

documentation of

clinical data

▪ Whole microbiome

sequencing

Rehner et al., Genomics Proteomics Bioinformatics. 2022

▪ Long reads (ONT)

▪ Transcriptome

▪ Metabolome (MS/MS)
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Clinical samples – the IMAGINE project

The latest numbers

▪ > 2,500 samples collected

(5-8 samples per patient)

▪ > 2,000 samples sequenced

(~20 Gbp per sample)

▪ 877 samples

from 259 patients

processed computationally
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Metagenome assembly and post-assembly analysis

cleaningReads QC assemblying profilingQC QC binning QC QC

Adapter trimming

Quality filtering

Host DNA removal

From short reads

From long reads

Hybrid

Genome binning

Taxonomic binning

Taxonomic

Functional
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Metagenome assembly and post-assembly analysis

cleaningReads QC assemblying profilingQC QC binning QC QC

redo redo redo redo redo

Adapter trimming

Quality filtering

Host DNA removal

From short reads
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Metagenome assembly and post-assembly analysis

cleaningReads QC assemblying profilingQC QC binning QC QC

redo redo redo redo redo

downstream downstream

Adapter trimming

Quality filtering

Host DNA removal

From short reads

From long reads

Hybrid

Genome binning

Taxonomic binning

Taxonomic

Functional
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Metagenome assembly and post-assembly analysis

cleaningReads QC assemblying profilingQC QC binning QC QC

redo redo redo redo redo

downstream downstream

Adapter trimming

Quality filtering

Host DNA removal

From short reads

From long reads

Hybrid

Genome binning

Taxonomic binning

ABySS, A-STAR, GATB, HipMer, MEGAHIT, 

metaSPAdes, OPERA-MS, Ray, …

Taxonomic

Functional
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CAMI challenges

Timeline

Key numbers

▪ ~700 newly sequenced 

microorganisms and ~600 

novel viruses and plasmids 

were used for simulating 

metagenome benchmark 

datasets

▪ 215 submissions, 

representing 25 programs, 

were received from 16 teams 

worldwide

▪ 6 genome assemblers

▪ 5 genome binners

▪ 4 taxonomic binners

▪ 10 taxonomic profilers 
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CAMI challenges

Key numbers

▪ ~1,700 new and known 

genomes and ~600 new 

viruses and plasmids were 

used for simulating 

metagenome benchmark 

datasets

▪ 5,002 submissions, 

representing 36 (76) 

programs, were received 

from 30 teams worldwide

▪ 8 (20) genomes assemblers

▪ 8 (18) genome binners

▪ 7 (9) taxonomic binners

▪ 13 (22) taxonomic profilers 

Timeline

Part a

16.01.2019 Challenge opens

17.05.2019 Assembly challenge closes

03.06.2019 Clinical pathogen detection 

challenge starts

25.10.2019 Challenge closes

Part b (Rhizosphere)

14.02.2020 Dataset provided

29.09.2020 Assembly challenge closes

30.09.2020 “Correct” assemblies 

provided

31.01.2021 Challenge closes



1414

Do your own benchmark!

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/metaquast.html

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

Meyer, et al. AMBER: Assessment of Metagenome BinnERs, GigaScience, 7, 6 (2018)

OPAL for assessing taxonomic profilers

https://github.com/CAMI-challenge/OPAL

Meyer, et al. Assessing taxonomic metagenome profilers with OPAL, Genome Biology, 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
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The IMAGINE data processing

cleaningReads QC assemblying profilingQC QC binning QC QC

MetaPhlAn

(taxonomic)

HUMAnN

(functional)

metaSPAdes

(short reads)

fastp

(trimming and 

filtering)

kneaddata

(host DNA removal)

metaBAT

(genome)

Kraken 

(taxonomy)
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3 Research Topics

Antiinvectives

Bacterial and

Viral Pathogens

Immune Response 

and Interventions

Program Infection

Research at

6 Research Fields:

Energy Earth & Environment

Matter Information

Health
Aeronautics, Space

& Traffic

HIPS as an Institute of the HZI in Braunschweig

Saarbrücken

HZI

Braunschweig

Würzburg

Hamburg

Hannover 

Greifswald

230 employees
at the Saarbrücken site

HIPS as the only

research institute in

Germany with focus

on pharmaceutical

research

AntiinfecitvesScientists in Research Topic
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Plasmids in IMAGINE

Schmartz et al, Nucleic Acids Res. 2021

Bacterial plasmids play a key role in the horizontal 

transfer of antimicrobial resistance genes 

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

> 34,000 records 

https://ccb-microbe.cs.uni-saarland.de/plsdb
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Plasmids in IMAGINE*

Hartung, M.Sc. thesis. 2022

Resistance factors in PLSDB plasmids mapped to metagenome assemblies

* 7 samples / 1 patient
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Biosynthetic gene clusters in IMAGINE

Russell, Truman, Comp. and Struct. Biotech. J. 2020

Blin et al, Nucleic Acids Res. 2022

Many natural products are encoded in BGCs

https://antismash.secondarymetabolites.org/

https://antismash.secondarymetabolites.org/


2020

Biosynthetic gene clusters in IMAGINE*

* 100 random samples
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More information will follow..
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