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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



ONT PacBio Illumina

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



Annotation Methods

• Annotation refers to assign function to DNA sequences

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

• Prokka
(http://www.vicbioinformatics.com/software.prokka.sh
tml) is an all-in-one wrapper for these tools
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4) 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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5) Pan-genome and Gene clustering







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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6) Pan-GWAS



Pan-GWAS



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.
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South Green : @green_bioinfo

I-Trop : @ItropBioinfo
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N’oubliez pas de nous citer !

Comment citer les clusters?
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