
Deep dive into metagenomic 
data using 

Open the webpage eccb.mmseqs.com

Say hallo via the chat!

Please answer the polls.

Do you have questions you want to have answered?

https://eccb.mmseqs.com/
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Sofie Thijs | Hasselt University, 
Belgium

metagenome-atlas

Martin Steinegger | Seoul National 
University, Korea
Milot Mirdita | MPI for Biophysical 
Chemistry, Germany

MMseqs2

Deep dive into metagenomic 
data using 



Ask questions!

Questions Chat Room

on eccb.mmseqs.com

• For bugs and larger 
messages.

• Available after the 
tutorial.

https://eccb.mmseqs.com/


Content

Part 1: Metagenome Atlas

• Introduction to metagenomics

• Metagenome Atlas presentation
• break

• Metagenome Atlas Tutorial

Part 2: MMseqs2

All links are on eccb.mmseqs.com

https://eccb.mmseqs.com/


Metagenomics



Metagenomics is the 
genomics of microbial 
communities



E.coli

Metagenomics in 1996 



Study microbes



Metagenomics allows to study 
microbes where they are



Metagenomics allows to study 
microbes where they are



Analyze the data!

FASTQ



Classified?
Classified

?

Genomes



Metagenomic assembly

The Theory (De Bruijn graph) The practice

ATCGTA K = 4

ATCG TCGT CGTA



ATCGTA

Assembly: De-Bruijn graph

ATCG TCGT CGTA

K = 4



Assembly is challenging



Annotate genes on contigs

Gene1, KO0001
Gene2
Gene fragment 3

Taxonomy: 
Bacteroidetes sp.



Binning contigs to metagenome 
assembled genomes (MAGs)

Based on:
o Sequence composition
o Abundance



Quality assessment of MAGs using 
sets of marker genes

Completeness= present / expected
Contamination = duplicated / expected



Multiple samples

Co-assemblySingle-sample
assembly



Remove redundant genomes

Sample 1

Sample 2

Sample 3

Sample 4

calculate
Average nucleotide Identity (ANI)





Great, we have genomes. 



What is next?

• Annotation
• Taxonomy 

• Functions

• Quantification
• Compare

Clostridiaceae nov.

A. muciniphila



Content
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• Metagenome Atlas presentation
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Metagenome-Atlas
The All-in-one metagenome pipeline.



Metagenome-Atlas
The All-in-one metagenome pipeline.

1 Quality Control

2 Assembly
• Error correction
• Paired-end merging

• Assembly (metaSpades/megahit)
• Post-filtering

➢ High-quality Scaffolds

3 Genomic Binning

4 Annotation
• Gene prediction (prodigal)
• Cluster redundant genes (linclust)

• Annotation (eggNOG)

➢ Functional annotations

Clostridiaceae
nov.

A. muciniphila



Start in three commands!

conda install metagenome-atlas

atlas init path/to/fastq

atlas run all



Automatic submit to clusters

Wrapper for LSF, Pbs-torque and Slurm, …



Metagenome-Atlas in detail

1 Quality Control

2 Assembly
• Error correction
• Paired-end merging

• Assembly (metaSpades/megahit)
• Post-filtering

➢ High-quality Scaffolds

3 Genomic Binning

4 Annotation
• Gene prediction (prodigal)
• Cluster redundant genes (linclust)

• Annotation (eggNOG)

➢ Functional annotations



1. Quality control

• Remove low quality bases

• Common contaminant removal

• Host removal

➢ Good-quality reads



Quality report



Quality report



2. Assembly

• Uses metaSpades or megahit

• Error correction

• Paired-end merging (pre-assembly)

• Hybrid assembly supported.

➢ Scaffolds



Assembly report



3.a Binning

• Uses DAS Tool
• Metabat2

• maxbin2

• Quality Assessment (checkM)
• Co-binning supported

• Dereplication 

➢ Genomes



Quality of MAGs

             

             

  

  

  

  

  

  

  

  

  

  

   

 
 
 
 
  
  
 
 
 
 

                

            

             

                

                

          

            

              

                 

      



3.b Quantification

• Bbmap

• Median coverage over the genomes

• Raw counts



4.a Taxonomic annotation

• Genome Taxonomy database (GTDB)

• Taxonomy based on genomes and MAGs

• Split taxon that contain multiple lineages

➢ Robust taxonomy



Proposed rearrangements

Parks et al. 10.1038/nbt.4229.



4.b Functional annotation

Genomes &
Contigs

Genes

• KEGG
• CAZy
• COGs

Annotations

mapper 

cluster
MMseqs2

Gene
catalog

> gene 1

> gene 2

> gene 3



Output of Annotation

KEGG Orthologs



Metagenome-Atlas
The All-in-one metagenome pipeline.

1 Quality Control

2 Assembly
• Error correction
• Paired-end merging

• Assembly (metaSpades/megahit)
• Post-filtering

➢ High-quality Scaffolds

3 Genomic Binning

4 Annotation
• Gene prediction (prodigal)
• Cluster redundant genes (linclust)

• Annotation (eggNOG)

➢ Functional annotations

Clostridiaceae
nov.

A. muciniphila



Tutorial

1. Analyze the output of Metagenome-atlas

2. Run the three commands on a dummy dataset

github.com/metagenome-atlas/Tutorial

https://github.com/metagenome-atlas/Tutorial


How does high fat diet impact the 
microbiome of mice?

github.com/metagenome-atlas/Tutorial

https://github.com/metagenome-atlas/Tutorial


Tutorial

Have a look at the Tutorial

Ask questions if you have!

github.com/metagenome-atlas/Tutorial

https://github.com/metagenome-atlas/Tutorial




1. Analyze the output of Atlas



Part 2: Set up Atlas on your 
server/computer

conda install metagenome-atlas

atlas init path/to/fastq

atlas run all


