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Who are we”?

e Genomic and transcriptomic core facility spreads on

— 5 sites GeT in Toulouse G bl As
eT Pole asAa
— 1 site Oncopole S TEEHHULUE&EE%

e National Infrastructure within the « France Génomique » program
e IBISA Label

* INRA strategic core facility

e 1509001:2008 & NFX50-900 Certifications

* Partnership with Genotoul Bioinformatic core-facility

http://get.genotoul.fr
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The GeT Core Facility

Our missions:
v’ To provide innovating technologies for genome analysis to the scientific community
v" To develop new protocols, new methodologies, acquire expertise and train to those technologies

v" To aunimate workshops for user network

Technologies available to the scientific community :

Quantitative PCR: Fluidigm BioMark, Life tech @S6, 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 lon Proton, PGM, Illumina MiSeq, HiSeq3000, PacBio RSII
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What Is Metagenomics?
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Metagenomics

Metagenomics is the study of genetic material recovered directly from biological samples.

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

v" Human Gut : 100 billions bacteria/1000 species (10 x more than
human cell number)

1000 -
800 - \
| GENOME
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400 - v’ Growing publication number
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v’ Soil: several thousand of different species/g of soil

Acid mines Sargasso sea Termites gut Human gut

Specie number

1 0 100 1L 000 10 000

http://get.genotoul.fr
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Metagenomics

Bacterial communities are involved in:

v Diabetes

v’ Cancers | nature
v’ Autism W & o
v Inflammatory responses x I
v Digestion

v’ Site remediation
v’ Fermentation
v’ Methanisation
v’ Plant production

http://get.genotoul.fr




Examples of previous technologies
used In microbiology Studies
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SSCP = single strand conformation polymorphism

Mutaert +
Wild Type
g Mestant
PCR product o ~
W & :
i
.

Electrophoresis
migration

Genetic fingerprinting : allows the observation of

differences between communities, but not assignation

SSCP & Cloning

Cloning

‘WW Metagenomic DNA W‘
Fragmentation of m & =, Linearized clonin
gso\ OmA f § f l %_ : vector d
fr

@t}? @ gg Cloned DNA é}g &%
% %ﬁf& < a» @

Library

}

‘ Screening ‘

Nature Reviews | Microbiclogy

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

Modified from Rolf Daniel, Nature Reviews Microbiology, 2005

http://get.genotoul. fr
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gPCR & PhyloChip

PhyloChip analysis workflow

q Pc R 1 Rhizosphere sampling 2 2 Ar
. | " Sugarbeet
(e.g. 3 replicates).
_i seeoilngs
2 Total DNA isolation % %, %
v v
= Totalbacterin ST (L00:0) =T2(T5:25) STI(E050) =ST42575 ?.gaainm::w

3 163 rRNA gene amplification;
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4 Fractionate amplicons (=50 to 200 bp)

. Bacterial &
and end-label with biotin. kol

_ 5 Hybridize, stain, wash
and scan chip. @’ .‘~ .x
-1 2] PhyloChip's
6 Output Number of OTUs (Richness) &
| OTUs relative abundance (Evenness)
7 Data analyses Mormalization > Annotation = Stafistical analyses

s ® o - - -: ol
Y, X\ s, 5, . B
s %—% %ﬁ%} e !i
Bl SRERe
Quantification of selected species

v - Studies only the species represented on the Chip (~8000, 16S)
ery sensitive e .
Quantification not so easy because of fluorescence saturation

=
f:!

.
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Singhe al, Meta Gene, 2014 Mendes ef al., FEMS Microbiology Reviews, 2013

http://get.genotoul.fr ’?%‘i’:’.



Next Generation Metagenomics
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How to do Next Generation Metagenomics?

Next Generation Sequencing: sequencing Biolodical |
h . iologi m v
of several millions to hillions of short ological samples |

DNA fragments in parallel l
DNA/RNA extraction
DNA/cDNA Targeted Metagenomics / \ Shotgun Metagenomics
f;\'\
L . PCRamplication of the target Library preparation

Paired-end sequencing Paired-end sequencing

1 L]

Identification of Microbial communities Assembly and interpretation
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How to choose the approach I need?

Targeted sequencing Shotgun Sequencing

Taxonomic composition and phylogenetic | Fonctionnal characterisation of bacterial

Informations .. .o " .
structure of microbial communities (OTU) | communities, draft genomes construction

New/unknown member detection, new

Applicati Population identificati
pplications opulation identification gene identification

Needs much more sequencing depth to
Sensitivity Extremely sensitive obtain the same sensitivity as targeted
sequencing (—€€€EE)

PCR induced biases: the amplification
Biases efficiency could be different hetween
communities

Sequence composition (GC %): sequencing
in GC rich regions is not optimal

http://get.genotoul.fr Seens
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Sequencing depth impact on result interpretation

abundance

abundance

Sequencing depth = number of sequences per sample

| -

Lime

—_— -
Lirmee

Enough sequencing depth?

phylogenetic diversity

read depth

Identification of under-represented
sequences

http://get.genotoul.fr




Targeted Metagenomics
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v DNA extraction kits/protocols
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Targeted Metagenomics known biases

RESEARCH ARTICLE

Comparative Evaluation of DNA Extraction
Methods from Feces of Multiple Host Species
for Downstream Next-Generation

PCR |
* Polymerase efficiency Sequencing

. . Marcia L. Hart', Alexandra Meyer?, Philip J. Johnson®, Aaron C. Ericsson™**5*
* Polymerase contaminations

* Use of degenerated primers: non homogenous amplification

Databases exhaustivity

Analysis softwares

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)

http://get.genotoul.fr ket
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Targeted Metagenomics known biases

[rAmore et al. BMC Genomics (2016} 17:55
DO 10.1186/512864-015-2194-9
EMC

Genomics

RESEARCH ARTICLE Open Access
@Cmggm.ark

A comprehensive benchmarking
study of protocols and sequencing
platforms for 16S rRNA community
profiling

Rosalinda D'Amore! T, Umer Zeeshan Ijaz“, Melanie Schirmer?, John G. Kenny', Richard Gregory’,
Alistair C. Darby', Migun Shakya®, Mircea Podar?, Christopher Quince®” and Neil Hall'*

Impact of the sequencer and protocols on the results:

v" The choice of sequencing platform and experimental design needs to be taken into
consideration in the early stage of a project

v" 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)

http://get.genotoul.fr e
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Hlumina MiSeq 16S sequencing example

Which region of the 16S to target?

v’ Today, the v3-v4 is to most used
v" 400 to 500 pb PCR product

lllumina MiSeq
I N Max lenght: 2 x 300 pb

Max Throughput: 15 GB

http://get.genotoul.fr
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Results obtained in collaboration with the VAIOMER start-up

Lluch 7 a/ 2015, PloS-ONE vdaloilnerl

) d Family Level € Genus Level
a Family Level b Genus Level 100 — 100 -
Staggered Mock Even Mock Staggered Mock Even Mock
. — i ] = i
O Other (< 0.5%) O unclassified 80 1 B Other (< 0.5%) B 0O unclassified
80 — O unclassified 80 @ Other (<0.5%) O Marinilabiaceae o Ofher (< 0.5%)
@ Helicobacteraceae B Hehcobacter ] N . w O Alkaliflexus (Geofilum)
o O Bactercidaceae @ O Bacteroi ® O Verrucomicrobiaceae 2 O Prosihecbacter
'§ O Actinomycetaceae '§ O Pseudomonas P50 O Steptococcaceae  © o | O Eubacterium
6o O Pseudomonadaceae @ 50 O Actinomyces - B Xanthomonadaceae — @ Xanthomonas
3 W Ewcwcoccacex @ Entercscois g O Bifidobacteriaceae B Lactococcus
m llludd! -— - - .
s O Clostidiaceae 8 @ Clostridium_sensu_sticto | ‘5 B Enterobacteriaceae O Elprails
B Lactobacillaceae 5 B Laciobacillus s B Moraxellaceas v R ety
R 40 | W Neisseriaceae R 40 - W Neisseria 40 O Rhodobacteraceae >~ 40 W Escherichia_Shigella
§ O Staphylococcaceae = O Staphylococcus s B Eubacteriaceae @ ol GETEE IR
B Moraxellaceae @ B Acinetobacter @ B Hyphomicrobiaceae < W Paracoccus
= B Bacillaceae = B Bacilus = B Bukholderiacese = W Ralstonia
B Streptococcaceae B Streplococcus i B Devosia
20 O Enterobacteriaceae 20 O Escherichia_Shigella 20 + O Phyllobacteriaceae 20 O Aminobacter
O Listeriaceae O Listeria
0 Y g - 0 - 0 -
-y Y N = s
; & ; & o ; K > >
LA AV A ARV A & & &
<& <& £ < &
& L&
L] [ L] . L]
gDNA mock communities Plasmid mock communities

Good correlation between 'rheorx and reulitx

http://get.genotoul.fr
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Replicability and reproductibility

a
Genus level
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Marinilabiaceae

Caulobacteraceae
Burkholderiales incertae_sedis
Comamonadaceae
Oxalobacteraceae
Sutterellaceae
Enterobactenaceae
Pseudomonadaceae
Eubacteriaceae
Lachnospiraceae
Ruminococcaceae
unclassified

Other (< 0.5%)

http://get.genotoul.fr
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Replicability and reproducibility

Family Level

lleum 1 lleusn 2
100 100 100
80 — 8 80 !II 2 80 —
o o 111 o
5 60 ~ § 60 - 5 60
5 5 5
R 40 - R 40 - =40 -
3 > 8
=92 =204 L =20
S 0 l$! s Vs 55 0-
Pl Fo8d8dF08e8¢
7 7
Q_ﬁ‘q‘f q_f S q?q_ﬁg & S
Libraries {new or old) B Lactobacillaceae B Clostridiaceae
Run number | MiSeq kit generation ; O Other (< 0.5%)
R\u.n'l-llelw-\l{-lh:;uiﬁeqsemenm ; m,:ﬁf eh E gmmma&adam O unclassified
Same library, same chemistry, same sequencer Same library, same chemistry, different sequencer

Same library, different chermistry, same sequencer Same li)kr)garl)r/y’m

: . . . erent chemistry, different sequencer
Different library, same chemistry, same sequencerDifferent | % ry,y di |

erent chemis erent sequencer

Very low variability, good reproducibility

http://get.genotoul.fr
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16S metagenomics on diverse tissue samples

Family level PCoA alpha=0.2

lawm

100

B Acidobaclera_incerlae_sedis = —
3 Microbacteniacean 3 N - m—

B Micrococcaceas —— Feces
B Bifidobacteriaceas Faces f,_P-'
B Porphyromonadaceas

0O Prevolellaceas
B Rikenellacean o i

B Bactercidacess ¥

& P
O Caulobacleraceae n F
O Mathylobacteriaceas B " [
0O Phyliobacteriaceas -._-‘\.\ E § F
B Sphingomonadaceas by '\ ' 1 J
B Bwkholderiacess \\\ o < f
Burkhalderiales_incenas_sedis e f
g:rrluag'lunadams 1
alohacteracaas 4 :
SullereNacea \-; el . - Liver Brain
G Muscle =, ot =
Ent y -

ampylobacteraceas .
- SR Heart

erobacteriacess

(=]
=]

(= ]

(= ]
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=] e

O Morsuw | acewe 3 N =
B Psasudomonadaceas I/f'i‘{_ : Muscle
= Y
(=] e
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Mean % of total reads

Nanthomonadaceae h

Ruminococcaceas T T T T T T
Unectzssdied
Oiher (< 0.5%) 1] 10000 20000 30000 40000 50000

Number of clean sequences sampled

Detection of bacteria in diverse mouse tissues
Taxonomic profiles different between tissves and different from H,0 control
Very high diversity in lleum, Feces and adipose tissues (MAT)

http://get.genotoul.fr
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Core workflow

Pre-process FROGS Pre-process 4 X
Archive file To merge paired-end reads : Flash

dereplicated_file (fasta) Trimmi ng. Cutadapt

o yl Solution

summary_file (html)

LN |
L NE AL
g

a MARIADASSOU, Guillermina
FROGS Clustanng swarm ® g
2LENCE R IMEACT Saquentes file . Denoising and Clustering with
Count: file local threshold: ildine.pascal@toulouse.inra.fr

abundance_biom (k) SWARM 1
OTU : operutlonnul seed_file (fasta)

swarms_composition (tabular]

Chimera FROGE Remave chimeara »

sequences fia Efficient Chimera Removal :
l oundencefle o VSEARCH [2]

non_chimera_fasta (fasta)
out_abundance_biom [xt]

geno nl.n::ahundance:cnunt[(m}hular)

t O I..I I summary_file (html]

bioinfo Filters pEEEiEE

Sequance file (Fasta)
0 Abundance file (BIGM)

Formations axcluded (0] We advise to filter OTU
available! fasta_output (Fasta) abundances at 0.005% 1,

A wide choice of filters.

wieh (html)
biom_oukput {kxt]

— krana (himl)
Affiliation FROGS affiliabon OTU x

CTU seed sequence in fasta
format

Double taxonomics affiliation
RDP classifier Bl until species.
Blast+ ¥ with multi species

OTU abandance in kiom format

| hiom_affiliation {cxt)

\ e correspondences./ frogs@toulouse.inra.fr

http://get.genotoul.fr



Shotgun Metagenomics
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DNA/RNA
Shearing (sonication, nebulization, enzymatic, mecanic)
| etk Or reverse transcription
l Add 3 ATail
— Sheared DNA or (DNA
i Ligate Adapters
- | End repair, A-tailing, adaptaterligation, optional PCR
A Sequencing ready library
X \ Sequencing I lllumina HiSeq3000
. /f \\ ‘ 2,4 hillion paired-end reads/run
o Sequence data

Bioinformatic analyses

Interpretation

http://get.genotoul.fr
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Example of an informatic pipeline

Toolkit Purpose
TrimGalore Adapter trimming, quality trimming
/ MOCAT/SOAPdenovo Assembly, scaffolding, gap filling
‘ Prodigal Complete ORFs, putative ORFs
‘ CD-HIT toolkit, UCLUST Dereplication, support-based ORF clustering
\ BLAST Homology-based ORF curation, ORFs classification
DATABASE Highly-structured metadata. Integration ready.
MG-RAST, R, custom tools

Pavel Senin

http://get.genotoul.fr e
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Data interpretation

LY
Metagenome
Sequencing
Quality Control \
4 Who is there? What are they doing? )
Taxonomic Diversity __ Ma rker Gene
Phylogenetic Diversity Analysis Gene __, GeneDiversity
Prediction Novel Genes
Taxonomic Diversity
Phylogenetic Diversity =— Binning
Novel Taxa Functional Protein Family Diversity
Genome Diversity As . Annotation Functional Diversity
\_ Novel Genomes sembly J
Comparative Metagenomics
Intercommunity Similarity
Metadata Correlations
Biomarker Detection
remifiers in REVIEW ARTICLE %
PLANT SCIENCE o 10 Samngt 24 00208

An introduction to the analysis of shotgun metagenomic
data

Thomas J. Sharpton*
Department of Microbiology and Department of Statistics, Oregon State University, Corvallis, OF, LISA

http://get.genotoul.fr
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First large study published by the MetaHIT consortium

Vol 464|4 March 2010 |doi:10.1038/nature08821 namre

ARTICLES

A human gut microbial gene catalogue
established by metagenomic sequencing

Junjie Qin'*, Ruigiang Li'*, Jeroen Raes™’, Manimozhiyan Arumugam’, Kristoffer Solvsten Burgdorf*,
Chaysavanh Manichanh®, Trine Nielsen®, Nicolas Pons®, Florence Levenez®, Takuji Yamada?, Daniel R. Mende?,
Junhua Li", Junming Xu', Shaochuan Li', Dongfang Li'*#*, Jianjun Cao', Bo Wang', Huiging Liang', Huisong Zheng',
Yinlong Xie"”, Julien Tap®, Patricia Lepage®, Marcelo Bertalan®, Jean-Michel Batto®, Torben Hansen®, Denis Le
Paslier'’, Allan Linneberg'', H. Bjarn Nielsen®, Eric Pelletier'’, Pierre Renault®, Thomas Sicheritz-Ponten®,

Keith Turner'?, Hongmei Zhu', Chang Yu', Shengting Li', Min Jian', Yan Zhou', Yingrui Li', Xiuging Zhang',
Songgang Li', Nan Qin', Huanming Yang', Jian Wang', Seren Brunak®, Joel Doré®, Francisco Guarner’,

Karsten Kristiansen'?, Oluf Pedersen®'*, Julian Parkhill', Jean Weissenbach'’, MetaHIT Consortiumt, Peer Bork?,
S. Dusko Ehrlich® & Jun Wang""?

To understand the |mpact of gut mlcrobes on human health and well-being it is crucual to assess !hew enetn: potential. Here

~150 times Iarger than thetums —Tontains an overwhelming ma vatent (more frequent)
microbial genes of the cohort and prubably mcludes a Iarge proporhon of the prevalent human mtestmal microbial genes. The
genes are largely shared among-ind 2 & ing hat the entire

functions present in all mdmduals and most bactena, respectwely

http://get.genotoul. fr
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Mouse gut metagenome

RESOURCE

nature
biotechnology

A catalog of the mouse gut metagenome

Liang Xiaol-16, Qiang Feng!-%16, Suisha Liang!1®, Si Brask Sonne?, Zhongkui Xia!, Xinmin Qiu!, Xiaoping Li!,
Hua Long?, Jianfeng Zhang!, Dongya Zhang!, Chuan Liu!, Zhiwei Fang!, Joyce Chou?, Jacob Glanville3, Qin Hao?,
Dorota KotowskaZ, Camilla Colding?, Tine Rask Licht*, Donghai Wu®, Jun Yu®, Joseph Jao Yiu Sungb,

Qiaoyi Liang®, Junhua Lil, Huijue Jia', Zhou Lan', Valentina Tremaroli’, Piotr Dworzynski®, H Bjorn Nielsen®,
Fredrik Bickhed”?, Joél Dorél%11, Emmanuelle Le Chatelier!!, S Dusko Ehrlich!!:12, John C Lin?,
Manimozhiyan Arumugam'?, Jun Wang!-213.14, Lise Madsen!-21> & Karsten Kristiansen'>2

We established a catalog of the mouse gut metagenome com|
fecal samples of 184 mice. To secure high microbiome diversity, we us
from different providers, kept in different housing laboratories ane

ising ~2.6 million nunredundant genes quencing DNA from
rse genetic backgrounds,
die Slmllar to the human

set of 26 metagenomlc specles found in 95% of the mice. The mMomse-gut-mictobiome - ly similar to its human

— 5 ata Encyclopedia of Genes and Genumes {KEGG‘,I ortholo
unly.r 4, D% uf the mouse gut mlcmblal gepes were shared (95% identity, 90% coveragé) with those of the human gut microbiome,
atalog ides : erence for future studies.

geno

http://get.genotoul.fr ’? Tout
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Targeted Metagenomics:

v’ Known biases, need to be take into account during analysis
v' Pilot experiment necessary to calibrate the study

v" Very sensitive

v’ Inexpensive

v" Easy preparation and sequencing

v' Bioinformatic: dedicated tools, fast, easy to manipulate

Shotgun Metagenomics:

v' Less biases

v" More informations provided from this application
v’ Less sensitive

v' Expensive

v" Preparation and sequencing easy
v" But hioinformatic is the bottleneck, slow, need to be expert to manipulate the data

http://get.genotoul. fr ket
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Sequel RSII

Longer reads (>10 kb) = hetter tuxonomic resolution

http://get.genotoul.fr Yoo




Thanks!

LANGUEDDC-ROUSSILLON
EEE MIDI-PYRENEES

\ I YInarmnmr




