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Session de formation 2019

●  Toutes nos formations :
https://southgreenplatform.github.io/trainings/

● Topo & TP :  Metagenomics

● Environnement de travail : Logiciels à installer

https://southgreenplatform.github.io/trainings/
https://southgreenplatform.github.io/trainings//metabarcoding/
https://southgreenplatform.github.io/trainings/metagenomics/tuto


Initiation aux analyses de 
données metabarcoding

www.southgreen.fr

https://southgreenplatform.github.io/trainings



Planning

1. Introduction générale

2. Partie pratique 

Practice 1:  Obtaining an OTU table with FROGS in Galaxy

Practice 2:  Obtaining an OTU table with FROGS in Command Line

Practice 3:  Handling and visualisation of OTU table using PhyloSeq 

R package

3.  Conclusions

● Prétraitement des données

● Clustering des séquences, construction des OTUs

● Détection de chimères

● Annotation taxonomique

● Filtrage des données de comptages

● Outils de visualisation

● Construction de workflow et configuration de FROGS



Metagenomics ( Environmental Genomics or Community Genomics) is 
the study of genomes recovered from environmental samples without 
the need for culturing them

    Metagenomics processes data using bioinformatics tools 

    => Organisms can be studied directly in their environments bypassing the need to 
isolate each species

    => There are significant advantages for viral metagenomics, because of difficulties 
cultivating the appropriate host

What metagenomics is ?



We can distinguish targeted metagenomics 
or shot-gun metagenomics :

● 16S rRNA metabarcoding is used to 
characterize the bacterial communities 
of an environment

● Whole-genome sequencing when the 
goal is to identify gene functions and 
pathways, or reconstruct microbial 
genomes.

Morgan XC, Huttenhower (2012) Plos Comput Biol

Two main strategies in metagenomics



Markers genes vs Shotgun metagenomics



Strategies in Diversity Characterisation

Breitwieser et al. 2016



Metabarcoding strategie





Projets métagénomiques

4900  projets sur NCBI (avril  2018)

● Sable de plage

● Moustique

● Corail

● Glace

● Air de la ville de Singapour

● Surface de la cuvette des toilettes

● Fromages

● ...

http://www.ncbi.nlm.nih.gov/bioproject/?term=metagenomic


TODAY !

Amplicon-based studies general pipeline

Au labo Bioinformatics Biostatistics



Workflow of the wet laboratory, bioinformatics, and data filtering procedures in the process of 
data filtering for 16S rRNA amplicon sequencing.

DOI: 10.1128/mSystems.00032-16







Emerging and new methods
Clustering
–Oligotyping and Minimum Entropy Decomposition

–SWARM-V2: exploration of OTU natural boundaries around 

most abundant sequences

Denoising
–DADA2 (probabilistic approach for sequencing error 

detection and correction)





–The entire dataset is split according of the position of 

highest entropy => 4 nodes (A, T, C or G)

–Each of these nodes is in turn split according to its highest 

entropy position and so on.

–Decomposition stops when all nodes reach minimum 

entropies.

Minumum Entropy Decomposition



Minimum Entropy Decomposition



Which bioinformatics solutions?
Today Clustering Example: FROGS

INRA Genotouls communication



Which bioinformatics solutions?
Today Denoising example:

INRA Genotouls communication



FROGS: Find, Rapidly, OTUs with Galaxy Solution
Frédéric Escudié Lucas Auer Maria Bernard Mahendra Mariadassou Laurent Cauquil Katia 
Vidal Sarah Maman Guillermina Hernandez-Raquet Sylvie Combes Géraldine Pascal

Bioinformatics, Volume 34, Issue 8, 15 April 2018, Pages 
1287–1294,https://doi.org/10.1093/bioinformatics/btx791

 https://github.com/geraldinepascal/FROGS.git

https://doi.org/10.1093/bioinformatics/btx791
https://github.com/geraldinepascal/FROGS.git


Practice 1:  
Obtaining an OTU table with FROGS in Galaxy

● Use platform Galaxy
● Set of modules= Tools to analyze your “big” data
● Independent modules
● Run on Illumina/454 data 16S, 18S, and 23S
● New clustering method
● Many graphics for interpretation
● User friendly, hiding bioinformatics 

infrastructure/complexity

FROGS: Find, Rapidly, OTUs with Galaxy Solution



FROGS Pipeline on Galaxy

1.Pre-process 3. Remove Chimera 4. Filtering2. Clustering 5. Affiliation OTU

6. Affiliation stats

7. Clustering stats



Pre-process 

A preprocessing tool :

● merges paired sequences into contigs with flash or vsearch
● cleans the data with cutadapt, 
● deletes the chimeras with VSEARCH combined with a 

cross-validation method and 
● dereplicates sequences with a home-made python script. 



Pre-process 

FROGs takes the reads (R1 and R2) from multiple samples and performs 

the following steps:

● If the data is not in contigs, R1 et R2 will be overlapped

● Contigs that are too big or too small will be filtered out.

● Sequences that are too small or of poor quality will be filtered out.

● Sequences will be de-replicated: duplicates will be removed but 

the number of duplicates will be recorded.



FROGS was designed to support multiplexed and demultiplexed 

sequences ( Run FROGS Demultiplexing before Pre-process)

INRA Genotouls communication



The goal of Flash (Fast Length Adjustment of Short reads) is to 

merge R1 and R2

https://ccb.jhu.edu/software/FLASH/
INRA Genotouls communication

https://ccb.jhu.edu/software/FLASH/


INRA Genotouls communication

Standard vs Kozich protocol 



INRA Genotouls communication



Practice

1.1 Aller sur le  Practice 1 du github
et lancez Preprocess

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#practice-1
https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#preprocess


Clustering Swarm

In this step, sequences are clustered into groups using Swarm. This takes the 

pre-processed fasta and counts files and does the following:

● Sorts reads by abundance.

● Clusters the reads into pre-clusters using Swarm and distance parameter of 1.  

● Sorts these pre-clusters by abundance.

● Cluster the pre-clusters using Swarm and a user-specified distance.

https://github.com/torognes/swarm.git

https://peerj.com/articles/593/


Frederic Mahé communication



Frederic Mahé communication

Swarm uses local clustering threshold, not a global clustering threshold 



Frederic Mahé communication



Frederic Mahé communication



Frederic Mahé communication



Frederic Mahé communication



Frederic Mahé communication



Frederic Mahé communication



Frederic Mahé communication



Practice

1.2
1.3

Aller sur la partie   1.2 Clustering and 1.3 stats 
clustering  du github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#clustering
https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#statsClustering1
https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#statsClustering1


Remove chimera

PCR-generated chimeras are typically created when an aborted amplicon acts as 
a primer for a heterologous template. Subsequent chimeras are about the same 
length as the non-chimeric amplicon and contain the forward and reverse primer 
sequence at each end of the amplicon.

Chimera:  from 5 to 45% of reads (Schloss 2011)



Remove chimera

Closely-related sequences may form chimeras (mixed sequences) during PCR 

(libray prep). This step removes these sequences by the following method:

● Splits input data into samples

● Uses vsearch to find chimeras in each sample

● Removes chimeras



Remove chimera

Chimera removal tool uses VSEARCH combined with an innovative chimera 

cross-validation.



https://github.com/torognes/vsearch.git



Practice

1.4 Aller sur la partie   1.4  remove chimera du 
github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#chimera


OTU Filters

● The OTUs (Operational Taxonomic Units) have now been 

clustered. A filtering tool allows to remove noisy data. In this 

step, we will filter out some of the OTUs that are either not 

in at least 2 samples, and contain at least 2 sequences. Last  

allows eliminate singletons.

● Filters can be also done after affiliation taxonomy. 



Practice

1.5
1.6

Aller sur la partie   1.5  OTU filtering et   

1.6  Clustering stats du github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#filtering
https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#statsClustering2


Affiliation OTU

● An OTU is a cluster of sequences. This step adds the 

taxonomy to the abundance file. It uses the SILVA database 

for rRNA.

● Affiliation tool returns taxonomic affiliation for each OTU 

using two methods with a unique multi-affiliation output 







Affiliation Stats

This step computes some statistics from the analysis and generates 

a report of the OTUs/taxonomy found.



Practice

1.7
1.8

Aller sur la partie   1.7  Affiliation taxonomique 
et  1.8  Affiliation stats du github

affiliationStats

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#afiliation
https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#affiliationStats




     BIOM Format

The FROGS biom format contains:  
- OTU count tables (required)
- OTU description : taxonomy

The BIOM format was motivated by several goals. First, to 
facilitate efficient handling and storage of large, sparse 
biological contingency tables; second, to support 
encapsulation of core study data (contingency table data and 
sample/observation metadata) in a single file; and third, to 
facilitate the use of these tables between tools that support 
this format (e.g., passing of data between QIIME, MG-RAST, 
and VAMPS.).



     BIOM Format

The FROGS biom format contains:  
- OTU count tables (required)
- OTU description : taxonomy



     BIOM standardization

You can retrieve a standardize biom file using FROGS BIOM to std BIOM

Others solutions to obtain a standard BIOM : 

Example
You can eliminate OTUs from Chloroplast or/and Mitochondria :

- If you want to remove these OTUs, you can convert your BIOM to TSV.
- Eliminate these OTUs and reconvert your TSV to BIOM using  FROGS 

TSV to BIOM and BIOM to std BIOM



Practice

1.9 Aller sur la partie   1.9 BIOM format standardization 
du github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#standarizationBIOM


     Building a Tree

Alignement fait avec MAFFT
Tree construit avec FastTree



Practice

1.10 Aller sur la partie   1.10 Building a tree du 
github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#tree


FROGSSTATS with 
Phyloseq R package 



http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

MODULES

● FROGSSTAT Phyloseq Import 

- Convert biom and sample information in a R objet. 
- Needs phylogenetic tree. 
- Metadata order (in each sample variable) are used to 

organised graphics. So take extra care when you 
construct your sample_metadata file.



FROGSSTATS with Phyloseq R package

MODULES

● FROGSSTAT Phyloseq Composition Visualisation :

- Exploring biodiversity =>  Explore the sample raw 
count according to a sample variable (env_material, 
geography ...)  to organise data graphics.



http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



Diversity indices and metrics

○ alpha diversity vs beta-diversity



Diversity indices and metrics

○ alpha diversity vs beta-diversity

alpha- diversity

beta-diversity



http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

MODULES

● FROGSSTAT Phyloseq Alpha Diversity :

- Choose which α-diversity indices you want to compute 
according to sample variable



http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

MODULES

● FROGSSTAT Phyloseq beta Diversity :

- Choose which β-diversity indices you want to compute 
according to sample variable

- Phyloseq supports currently 43 beta diversity distance 
methods :

"unifrac" "wunifrac" ”dpcoa" "jsd" "manhattan" "euclidean"  "canberra" 
"bray" "kulczynski " "jaccard" "gower" "altGower" "morisita" "horn" 
"mountford" "raup" "binomial" "chao" "cao" ...



FROGSSTATS with Phyloseq R package

http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

MODULES

● FROGSSTAT Phyloseq Structure Visualisation

- head map plot and ordination
Explore the sample normalised count using a sample variable
Use the beta diversity distance matrix
Ordination method (most commonly used is MDS/Pcoa)



FROGSSTATS with Phyloseq R package

http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

MODULES

● FROGSSTAT Phyloseq Sample Clustering

Explore the sample normalised count using a sample 
variable
Use the beta diversity distance matrix
The tree different linkage functions will be used, generating 
three different trees



FROGSSTATS with Phyloseq R package

http://genoweb.toulouse.inra.fr/~formation/15_FROGS/11-April2018/FROGS_phyloseq_April_2018.pdf



FROGSSTATS with Phyloseq R package

MODULES

● FROGSSTAT Phyloseq Anova
 

Which variable influence the diversity ?
Does a given variable have an influence on the beta diversity 
variance ?



https://www.nature.com/articles/nature24621

http://dx.doi.org/10.1038/s41598-018-20862-8

Common plots in microbiome studies

http://www.nature.com/doifinder/10.1038/ismej.2014.202

… to describe alpha/beta-diversity and taxonomy of the communities and link patterns to 

covariables



Practice

1.11 Aller sur la partie   Phyloseq stats in FROGSTAT du 
github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#phyloseq


FROGS en Ligne de commande sur le 
cluster i-Trop IRD



Practice

2 Aller sur la partie   FROGS in Command Line du 
github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#practice-2


Phyloseq sur R : Hands on!



Practice

3 Aller sur la practice 3   Phyloseq stats in R  
du github

https://southgreenplatform.github.io/trainings/linux/metabarcodingPractice/#practice-3


•DADA2 uses a probabilistic error model from the data 

itself

•Results in a dataset partitioning into Amplicon 

Sequence Variants (e.g. unique sequences) instead of 

clusters of similar sequences into OTUs
https://benjjneb.github.io/dada2/tutorial.html

 

https://benjjneb.github.io/dada2/tutorial.html


Processing with DADA2 in R
Setting up our working environment

Quality trimming/filtering

Generate an error model of our data

Dereplication (or not)

Inferring ASVs

Merge forward and reverse reads

Generate a count table

Chimera identification

Overview of counts throughout

Assigning taxonomy
Extracting the standard goods from R



  Contributeurs pour cette formation

● Alexis Dereeper 

● Julie Orjuela-Bouniol

● Florentin Constancias

● Julie Reveillaud

● Marie Simonin

● Frederic Mahé

● Aurore Compte

● Hans Schrieke



 Bonnes pratiques

Comment citer les clusters?
"The authors acknowledge the IRD i-Trop HPC at IRD Montpellier for 
providing HPC resources that have contributed to the research results 
reported within this paper. URL: http://bioinfo.ird.fr/ "

“The authors acknowledge the CIRAD UMR-AGAP HPC (South Green 
Platform) at CIRAD montpellier for providing HPC resources that have 
contributed to the research results reported within this paper. URL:
http://www.southgreen.fr”

Comment citer Galaxy?
“The authors acknowledge the South Green Platform (http://www.southgreen.fr) for 
providing the galaxy instance (http://bioinfo-inter.ird.fr:8080/ or 
http://galaxy.southgreen.fr/galaxy/) that have contributed to the research results 
reported within this paper.”

→ N’oubliez pas de citer aussi les outils utilisés !



South Green : @green_bioinfo

I-Trop : @ItropBioinfo

SUIVEZ NOUS SUR TWITTER !

https://twitter.com/green_bioinfo
https://twitter.com/ItropBioinfo


Merci pour votre attention !

   

Le matériel pédagogique utilisé pour ces enseignements est mis à 
disposition selon les termes de la licence Creative Commons Attribution 
- Pas d’Utilisation Commerciale - Partage dans les Mêmes Conditions 
(BY-NC-SA) 4.0 International:
http://creativecommons.org/licenses/by-nc-sa/4.0/

http://creativecommons.org/licenses/by-nc-sa/4.0/

