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Who are we?

• Genomic and transcriptomic core facility spreads on
– 5 sites GeT in Toulouse
– 1 site Oncopole

• National Infrastructure within the « France Génomique » program
• IBISA Label
• INRA strategic core facility
• ISO9001:2008 & NFX50-900 Certifications

• Partnership with Genotoul Bioinformatic core-facility
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Our missions:
 To provide innovating technologies for genome analysis to the scientific community
 To develop new protocols, new methodologies, acquire expertise and train to those technologies
 To animate workshops for user network 

Technologies available to the scientific community :
 Quantitative PCR: Fluidigm BioMark, Life tech QS6, Viia7…
 Genotyping: Fluidigm BioMark, Agilent, Affymetrix…
 Microarrays (expression): Agilent, Affymetrix
 Automation: TECAN EVOs, Agilent Bravo, Fluidigm Access Array
 Sanger Sequencing: ABI3130XL, ABI3730
 Single Cell Analysis: Fluidigm C1
 Next Generation Sequencing: Life tech Ion Proton, PGM, Illumina MiSeq, HiSeq3000, PacBio RSII

The GeT Core Facility
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What is Metagenomics?
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Metagenomics is the study of  genetic material recovered directly from biological samples. 

Metagenomics

https://en.wikipedia.org/wiki/Metagenomics

Traditionnal microbiology : clonal cultures, 16S gene cloning and sequencing, … => the vast
majority of microbial diversity has been missed by cultivation-based methods

Recent studies : shotgun or PCR directed sequencing to get largely unbiased samples of  all genes
from all members

Because of its ability to reveal the previously hidden diversity of microscopic life, metagenomics
offers a powerful lens for viewing the microbial world.
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Metagenomics

 Soil: several thousand of different species/g of soil

 Human Gut : 100 billions bacteria/1000 species (10 x more than
human cell number)
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Acid mines Sargasso sea Termites gut Human gut Soil

Specie number
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Metagenomics
Bacterial communities are involved in:
 Diabetes
 Cancers
 Autism
 Inflammatory responses
 Digestion
 Site remediation
 Fermentation
 Methanisation
 Plant production
 ….
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Examples of previous technologies 
used in microbiology Studies
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SSCP & Cloning
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SSCP = single strand conformation polymorphism

Genetic fingerprinting : allows the observation of 
differences between communities, but not assignation

PCR product

Electrophoresis
migration

Cloning

Metagenomic DNA

Cloned DNA

Library

Modified from Rolf Daniel, Nature Reviews Microbiology, 2005

Study clone by clone : limited information, very
time consuming and expensive
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qPCR & PhyloChip

Mendes et al., FEMS Microbiology Reviews, 2013Singhet al., Meta Gene, 2014

Studies only the species represented on the Chip (~8000, 16S)
Quantification not so easy because of fluorescence saturation

Quantification of selected species
Very sensitive

qPCR
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Next Generation Metagenomics
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How to do Next Generation Metagenomics?

Biological samples

DNA/RNA extraction

DNA/cDNA Targeted Metagenomics Shotgun Metagenomics

Library preparation

Paired-end sequencing

Assembly and interpretation

PCR amplication of the target

Paired-end sequencing

Identification of Microbial communities
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Next Generation Sequencing: sequencing
of several millions to billions of short 

DNA fragments in parallel
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How to choose the approach I need?

Targeted sequencing Shotgun Sequencing

Informations
Taxonomic composition and phylogenetic
structure of microbial communities (OTU)

Fonctionnal characterisation of bacterial
communities, draft genomes construction

Applications Population identification
New/unknown member detection, new 

gene identification

Sensitivity Extremely sensitive
Needs much more sequencing depth to 
obtain the same sensitivity as targeted

sequencing (=€€€€€)

Biases
PCR induced biases: the amplification
efficiency could be different between

communities

Sequence composition (GC %): sequencing
in GC rich regions is not optimal
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Sequencing depth impact on result interpretation

Enough sequencing depth?

Identification of under-represented
sequences

Sequencing depth = number of sequences per sample
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Targeted Metagenomics
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Targeted Metagenomics known biases

 DNA extraction kits/protocols

 PCR
• Polymerase efficiency
• Polymerase contaminations
• Use of degenerated primers: non homogenous amplification

 Databases exhaustivity

 16S copy numbers (1 to 15, depending on the bacteria species)

 Horizontal gene transferts (Ex : B. globisporus and B. psychrophilus show 99,8% identity on 16S, but
only 23 to 50 % identity at genome level)

 Analysis softwares

or ?
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Targeted Metagenomics known biases

Impact of the sequencer and protocols on the results: 
 The choice of sequencing platform and experimental design needs to be taken into 

consideration in the early stage of a project
 A pilot experiment should be necessary to choose the target (ie which 16S region is the 

best for my study to identify associated microbial communities)
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Illumina MiSeq 16S sequencing example

Which region of the 16S to target? 
 Today, the v3-v4 is to most used
 400 to 500 pb PCR product

Max lenght:  2 x 300 pb

Max Throughput: 15 GB

Run time: 55 hSequencing by synthesis

Illumina MiSeq
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Pipeline validation against mock communities

Results obtained in collaboration with the VAIOMER start-up
Lluch et al. 2015, PloS-ONE
Results obtained in collaboration with the VAIOMER start-up
Lluch et al. 2015, PloS-ONE

Good correlation between theory and reality
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gDNA mock communities Plasmid mock communities
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Replicability and reproductibility

Low variation between replicates
20
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Replicability and reproducibility

Same library, same chemistry, same sequencer
Same library, different chemistry, same sequencer

Different library, same chemistry, same sequencer
Same library, same chemistry, different sequencer
Same library, different chemistry, different sequencerDifferent library, different chemistry, different sequencer

Very low variability, good reproducibility
21
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16S metagenomics on diverse tissue samples
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Detection of bacteria in diverse mouse tissues
Taxonomic profiles different between tissues and different from H2O control
Very high diversity in Ileum, Feces and adipose tissues (MAT)
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OTU : Operationnal Taxonomy Unit

Bionformatic analyses
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frogs@toulouse.inra.fr

Formations 
available!
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Shotgun Metagenomics
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Principle

DNA/RNA

Sheared DNA or cDNA

Shearing (sonication, nebulization, enzymatic, mecanic)
Or reverse transcription

End repair, A-tailing, adaptaterligation, optional PCR

Sequencing ready library
Sequencing

Sequence data
Bioinformatic analyses

Interpretation

Illumina HiSeq3000
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2,4 billion paired-end reads/run
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Example of an informatic pipeline

Adapter trimming, quality trimming

Assembly, scaffolding, gap filling

Complete ORFs, putative ORFs

Dereplication, support-based ORF clustering

Homology-based ORF curation, ORFs classification

TrimGalore

MOCAT/SOAPdenovo

Prodigal

CD-HIT toolkit, UCLUST

BLAST

DATABASE Highly-structured metadata. Integration ready.
MG-RAST, R, custom tools

Toolkit Purpose

26
Pavel Senin
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Data interpretation
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First large study published by the MetaHIT consortium
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Mouse gut metagenome

29



http://get.genotoul.fr

Conclusions
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Targeted Metagenomics: 
 Known biases, need to be take into account during analysis
 Pilot experiment necessary to calibrate the study
 Very sensitive
 Inexpensive
 Easy preparation and sequencing
 Bioinformatic: dedicated tools, fast, easy to manipulate

Shotgun Metagenomics: 
 Less biases
 More informations provided from this application
 Less sensitive
 Expensive
 Preparation and sequencing easy
 But bioinformatic is the bottleneck, slow, need to be expert to manipulate the data
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3rd generation sequencers: the future?

MinION

Longer reads (>10 kb) = better taxonomic resolution

Sequel RSII
PromethION

31
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Thanks!


