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Storage and computing resources

Meso@LR au CINES
1090 threads : 

35 standard nodes 
2 bigmem nodes
1 GPU node 

500 To of replicated storage

CINES
1130 threads: 

30 standard node
1 supermem node

1 GPU node
150 To on 3 NAS + 210 To scratch 

400+

Resources mutualised at Meso@LR through the  
Mudis4Ls project (purchase/storage/data)

600+ tools



Collaborative development of tools

Metagenomic

Diversity 
exploration

Genomics

Pangenomic

Gene families

Comparative

Phylogeny

genotype manipulation

mosaic manipulation

Data mining

Annotation

Assemblies

packages (4)

workflows(5)

web applications  (16)

+20 
tools

visualisation (8)

https://github.com/SouthGreenPlatform/

https://github.com/SouthGreenPlatform/


@ItropBioinfo

https://bioinfo.ird.fr/

bioinfo@ird.fr

https://twitter.com/ItropBioinfo
https://twitter.com/ItropBioinfo
https://bioinfo.ird.fr/


Florian Charriat

Antoni Exbrayat

And more collaborators !

Bruno Granouillac

Jacques Dainat

Nicolas Fernandez 

Guilhem Sempere

Thomas Denecker





Modules de formation 2023

● Toutes nos formations :

https://southgreenplatform.github.io/trainings/

● Topo & TP : 

https://github.com/SouthGreenPlatform/training_O

NT_teaching/tree/2023_MTP

● Environnement de travail : Logiciels à installer

https://southgreenplatform.github.io/trainings/
https://southgreenplatform.github.io/trainings/linux/linuxPractice/#preambule


Génomique Comparative 
Bactérienne
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▪ 2 façons d’utiliser linux :

en mode console en mode jupyter notebook
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• One of the most popular tool among data scientists to perform data 
analysis

• Provides a complete environment in which numerous programming 
languages can be use through a simple web browser

ex : Bash (Linux), Python, Java, R,
Julia, Matlab, Octave, Scheme,
Processing, Scala

What is jupyter book ?
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What is jupyter book ?

• An unique interface/file where text, code and output
codes can be mixed :

• code can be executed
inside each cell of the
notebook

• code output is directly

displayed in the notebook



How to become a super datascientist ?

● facilement importer des fichiers tabulés dans des dataframes,

similaires aux dataframes sous R.

(et exporter)

● manipuler ces tableaux de données / DataFrames

● facilement tracer des graphes à partir de ces DataFrames grâce à 

matplotlib



Two Approaches to Microbial Genomics

Assembly-based
1. Assemble each set of reads 

into a genome sequence
2. Annotate each genome
3. Cluster genes and compare 

between each genome

Variant-based
1. Compare each read set 

to a reference genome 
assembly

2. Directly compare 
variants between each 
genome

A B C D

Starting with sets of reads representing your study 

isolates…
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1) Assembly



Assembly Basics (de-novo assembly)

contig contig

AGCTGTAAGC AGCAACGCTTGTAAATGTAGCTTAG

supercontig 
(scaffold)

Genomic DNA



Assembly Methods

• SPAdes (http://cab.spbu.ru/software/spades/)
• Velvet (https://www.ebi.ac.uk/~zerbino/velvet/)
• Both are De Bruijn graph assemblers

Edwards and Holt 2013 

MIE

K-mers
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Comparison of results of independent assembly strategies. (A) Genome assembled with nanopore 

reads; (B) longest contig assembled with PacBio reads; (C) genome assembled with Illumina reads. 

Plots were obtained by using Bandage on the “assembly_graph.gfa” output file from SPAdes or the 

“contig.gfa” output file from Canu. Connections between contigs represent overlaps between contig 

ends.

Evaluation of completeness of assembly results of different strategies. Assessments of the completeness of 

the assembly genomes with the datasets of proteobacteria_odb9 lineage. Bar charts produced with BUSCO 

plotting tool to show proportions that were classified as complete (C, blue), complete single copy (S, light 

blue), complete duplicated (D, dark blue), fragmented (F, yellow), and missing (M, red).
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2) Separate chromosomal and plasmid 
scaffolds/contigs
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3) Genome Annotation



What is annotation ?

Structural annotation:

Find out where the regions of interest (usually 

genes) are in the sequence data and what they 

look like. 

Functional annotation:

Find out what the regions do. What do they code 

for?
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It is the annotation that bridges the gap from the sequence to the biology of the organism

Thx!!

Slide borrowed to



Organisms differ in genomic complexity
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A yeast

A crustacean

Thx!!

Slide borrowed to



27
Thx!!

Slide borrowed to





Annotation Methods

• There are different annotation algorithms for 
protein-coding genes, tRNAs, rRNAs, other non-
coding RNAs

• Pipelines exist for performing several in one go



Prokaryote annotation:

- Prokka 
(http://www.vicbioinformatics.com/software.prokk
a.shtml) is an all-in-one wrapper for these tools
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Prokaryote annotation:

- Bakta: rapid & standardized annotation of bacterial genomes, MAGs & plasmids

(https://github.com/oschwengers/bakta)
Schwengers O., Jelonek L., Dieckmann M. A., Beyvers S., Blom J., Goesmann A. (2021). Bakta: rapid and standardized annotation of bacterial genomes via alignment-free 

sequence identification. Microbial Genomics, 7(11). https://doi.org/10.1099/mgen.0.000685

Tools

● tRNAscan-SE

● Aragorn 

● INFERNAL

● PILER-CR

● Prodigal

● Hmmer 

● Diamond 

● Blast+

● AMRFinderPlus 

● DeepSig 

Databases

● Rfam

● DoriC: AntiFam

● UniProt

● RefSeq

● COG

● KEGG

● PHROG

● AMRFinder

● ISFinder

● Pfam

● VFDB

https://github.com/oschwengers/bakta
https://doi.org/10.1099/mgen.0.000685
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4) Public genomes retrieval
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https://www.ncbi.nlm.nih.gov/datasets/genomes

https://www.ncbi.nlm.nih.gov/datasets/genomes
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5) Pairwise genome alignment
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Dot plot Dgenies: https://dgenies.toulouse.inra.fr

Circos link

https://dgenies.toulouse.inra.fr
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6) Pairwise Average Nucleotide Identity (ANI)



The average nucleotide identity (ANI) is a similarity index between a given pair of genomes that can be applicable to prokaryotic organisms 

independently of their G+C content, and a cutoff score of >95% indicates that they belong to the same species

Program: FastANI

ANI: Average Nucleotide Identity

Heat map of the average nucleotide identity (ANI) for strains of the species B. cytotoxicus (Stevens et 

al., 20.19)
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7) Pan-genome and Gene clustering
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Accessory genome

= 

Dispensable genome







An anvi'o workflow for microbial pangenomics https://merenlab.org/2016/11/08/pangenomics-v2/

https://merenlab.org/2016/11/08/pangenomics-v2/
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8) Pan-GWAS



Pan-GWAS



=> Provides:

odds ratios

p-value and p-value adjusted with Bonferroni's method

Un odds ratio :

< 1 signifie que l'événement est moins fréquent dans le groupe A que dans le groupe B ;

= 1 signifie que l'événement est aussi fréquent dans les deux groupes ;

> 1 signifie que l'événement est plus fréquent dans le groupe A que dans le groupe B.

“Scoary is designed to take the gene_presence_absence.csv file 

from Roary as well as a traits file created by the user and calculate the 

assocations between all genes in the accessory genome and the traits. It 

reports a list of genes sorted by strength of association per trait.”

https://sanger-pathogens.github.io/Roary/


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/


South Green : @green_bioinfo

I-Trop : @ItropBioinfo

SUIVEZ NOUS SUR TWITTER !

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


N’oubliez pas de nous citer !

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”


