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People differ by gut bacterial gene counts

Le Chatelier et al, Nature 2013

metaHIT obesity cohort (292 Danes) 
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Le Chatelier et al, Nature 2013

¼ LGC, enriched in obese
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People differ by gut bacterial gene counts 
and bacterial communities

58 richness MGS

Known 
species
n=10

Unknown 
MGS
n=48
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Le Chatelier et al, Nature 2013

low richness: a risk phenotype ?

increased adiposity, dyslipidemia, insulin resistance, inflammation, 
predispose for type 2 diabetes, cardio-vascular disease, cancer ...

low diversity (LGC) individuals have less healthy metabolic & 
inflammatory traits

p-HDL cholesterol mmol/l 1.3 (1.1 – 1.7) 1.5 (1.2 – 1.8) 0.03

LGC HGC

Slide kindly provided by 
Emmanuelle Le Chatelier
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Complex network analysis for microbiota 
exploration

 Global indicator of microbiota status (health-dysbiosis): richness √ 
 Retrieve differentially abundant species between health and dysbiosis √

 We would like to represent the modulation of the whole 
ecosystem between health and dysbiosis 

 A network is a natural object to represent interactions between MGS. Our 
goals could be:  
 Detect antagonism: resource competition or interference 

competition (direct harm by secretion of toxin) 
 Detect co-occurrence: True symbiosis (cross-feeding) or profting  

from the same conditions
 Detect keystone species: if the keystone species abundance varies 

the whole ecosystem changes 
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MGS Network representation

 Node = MGS
 Undirected graph
 Weighted graph 
 Co-occurence edges in blue
 Antagonism edges in red
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Chosen method

 We use a Glasso (Graphical Lasso) method to infer the 
network

 MGS abundances are represented by a gaussian 
markov random feld

 The main advantage over 
correlation based methods is
that indirect correlations are 
not inferred
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Spiec Easi pipeline

 MGS abundances are log transformed
 Find the inverse covariance matrix  that satisfy this criterion : 

              Is also the adjacency matrix of the graph :   

RegularisationLikelihood

Sparsify
Avoid overfitting

Fit the data at 
the closest

Inferred Ω : Inferred graph :Reality :
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Select λ to guarantee stability of the edges 

 StARS Stability Approach to Regularization Selection  (Liu, Roeder, & Wasserman, 
2010)

– To select the best λ: 
● For a serie of λ,  we draw N sub-samples representing 80 % of  

the cohort and we infer a network
● We compute a stability score of the graph over sub-sampling for 

each λ 
● We select the lowest lambda (which gives the denser graph) 

that satify an arbitrary stability treshold

RegularisationLikelihood
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Variability of graph edges versus λ

The variability is the 
fraction of subsamples 
that disagree averaged 
over all edges

Instable Dense network 

Good trade-off between 
sensibility and stability

Trivially stable 
graph (No edges)

Selected Lambda 
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MGS Network representation

 Node = MGS
 Undirected graph
 Weighted graph 
 Co-occurence edges in blue
 Antagonism edges in red
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Interpretation of MGS Network

 A Network over of ~ 200  MGS species is a complex object 
and a challenge for interpretation, possible strategies to 
decipher it are:

Use the network to compute community of co-abundant 
MGS 

Use centrality measures (PageRank, degree, 
betweenness centrality) to fnd keystone species

Focus on MGS of interest (differentially abundant, 
fonctional specifcity) 
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Graph Community

 Recently, complex networks have become a reccurent object in many scientifc 
felds : 

– Collaboration network  

– Ecology species network

– Gene regulation network

 Globally those networks are relatively sparse but dense locally. Few nodes are more 
connected together than with the rest of the graph :   These nodes form a 
community

 Given a partition of nodes in k groups, modularity assesses how well this partition 
correspond to k communities

                                        Defnition :   fraction of intra community edges minus the expected               
                                        fraction of intra community edges for a graph with the same community   
                                        partition but with random edges between them

s
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MGS graph and community on the MetaHit cohort

 
We achieve a fairly good 
modularity score with 19 
communities (0.71, maximum 
1 ).

Sparsity = 0,0145

Each color represents a community
- 233 species
- 155 species in the main 
connected component
- 133 in communities 
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Relative abundance of genus in communities
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Mean abundance (in all samples) of each community
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Community abundance is 
the sum of the abundance 
of species in the 
community 

Low-gene count 
microbiota is depleted in 
most communities except :

« Bacteroides vulgatus » 
community, « Blautia 
wexlerea » , « Roseburia 
intestinal », « Clostridium 
sp » community

Communities are very 
relevant to 
understand the 
microbiota difference 
between low and high 
gene counts
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Enterotypes and Communities
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Graph of community abundance: all samples
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Graph community: high gc  
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Graph of Community dynamics: low gc individuals
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Dynamic of dysbiosis

High-GC graph : Low-GC graph :
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Dynamic of dysbiosis
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Nutrition – Community - Spearman correlations 
   

Animal protein

Dairy
Fiber- Low IG 
corbohydrate
 
High IG 
carbohydrate

fat

Other



.02526/10/ 2016Hanna Julienne / MGS network

Clinical phenotype – Community - Spearman correlations

Inflammation

Increased adiposity
Insulin resistance

Dyslipidemia
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Acetobacter sp. CAG:267

Acidaminococcus intestini

Acinetobacter sp. CAG:196

Adlercreutzia equolifaciens

Akkermansia muciniphila

Alistipes finegoldii

Alistipes indistinctus

Alistipes obesi

Alistipes onderdonkii

Alistipes putredinis

Alistipes senegalensis

Alistipes shahii

Alistipes sp. CAG:157

Alistipes sp. CAG:268 CAG00479 CAG00479

Alistipes sp. CAG:435

Anaerostipes hadrus

Azospirillum sp. CAG:239

Azospirillum sp. CAG:260

Bacteroidales CAG00300 CAG00300

Bacteroidales CAG00530 CAG00530Bacteroides caccae

Bacteroides cellulosilyticus

Bacteroides clarus

Bacteroides coprocola

Bacteroides dorei

Bacteroides eggerthii

Bacteroides faecis

Bacteroides finegoldii

Bacteroides fragilis 1

Bacteroides intestinalis

Bacteroides massiliensis

Bacteroides ovatus

Bacteroides plebeius

Bacteroides salyersiae

Bacteroides sp. CAG:144

Bacteroides stercoris

Bacteroides thetaiotaomicron

Bacteroides uniformis

Bacteroides vulgatus

Bacteroides xylanisolvens

Bacteroidetes CAG00289 CAG00289
Barnesiella intestinihominis

Bifidobacterium adolescentis
Bifidobacterium bifidum

Bifidobacterium longumBifidobacterium pseudocatenulatum

Bilophila wadsworthia

Blautia obeum

Blautia sp. CAG:37

Blautia sp. CAG:52

Blautia sp. KLE 1732

Blautia wexlerae

Butyricimonas virosa

Butyricimonas virosa CAG00873 CAG00873

Butyricimonas virosa CAG01408 CAG01408

Butyrivibrio crossotus

CAG00302

CAG00696

CAG00928

Candidatus Alistipes marseilloanorexicus

Catenibacterium sp. CAG:290

Clostridiales CAG00555 CAG00555

Clostridiales CAG00893 CAG00893

Clostridiales CAG01700 CAG01700

Clostridium bolteae

Clostridium leptum

Clostridium sp. CAG:122

Clostridium sp. CAG:127

Clostridium sp. CAG:138

Clostridium sp. CAG:169

Clostridium sp. CAG:217

Clostridium sp. CAG:226

Clostridium sp. CAG:245

Clostridium sp. CAG:264

Clostridium sp. CAG:269

Clostridium sp. CAG:273Clostridium sp. CAG:288

Clostridium sp. CAG:302

Clostridium sp. CAG:343

Clostridium sp. CAG:349

Clostridium sp. CAG:43

Clostridium sp. CAG:508

Clostridium sp. CAG:58

Clostridium sp. CAG:62

Clostridium sp. CAG:7

Clostridium sp. CAG:7 CAG00460 CAG00460

Clostridium sp. CAG:75

Clostridium sp. CAG:798 CAG01062 CAG01062

Clostridium sp. CAG:91

Clostridium sp. L2 50

Coprobacillus sp. CAG:235

Coprobacter fastidiosus

Coprococcus catus

Coprococcus comes

Coprococcus sp. CAG:131 Coprococcus sp. ART55 1

Desulfovibrio CAG00592 CAG00592

Desulfovibrio piger

Dialister invisus

Dialister sp. CAG:486

Dorea formicigenerans

Dorea longicatena 1

Dorea longicatena 2

Eggerthella sp. CAG:209

Escherichia coli
Eubacterium desmolans CAG00974 CAG00974

Eubacterium eligens

Eubacterium hallii

Eubacterium ramulus

Eubacterium rectale

Eubacterium siraeum

Eubacterium sp. CAG:115

Eubacterium sp. CAG:180

Eubacterium sp. CAG:202

Eubacterium sp. CAG:248

Eubacterium sp. CAG:251

Eubacterium sp. CAG:252

Eubacterium sp. CAG:274

Eubacterium sp. CAG:38

Eubacterium sp. CAG:76
Eubacterium sp. CAG:86

Eubacterium ventriosum

Faecalibacterium 5 (sp. CAG:74)

Faecalibacterium 6 (sp. CAG:82)

Faecalibacterium 8

Faecalibacterium prausnitzii 1 (SL3 3 M21 2)

Faecalibacterium prausnitzii 2 ( A2 165)

Faecalibacterium prausnitzii 2 ( A2 165) CAG00297 CAG00297
Faecalibacterium prausnitzii 2 ( A2 165) CAG00547 CAG00547

Faecalibacterium prausnitzii 3 ( L2 6)

Faecalibacterium prausnitzii 3 ( L2 6) CAG00619 CAG00619

Faecalibacterium prausnitzii 4 ( cf. KLE1255)

Faecalibacterium prausnitzii 4 ( cf. KLE1255) CAG00495 CAG00495

Faecalibacterium prausnitzii 4 ( cf. KLE1255) CAG00755 CAG00755

Faecalibacterium prausnitzii 4 ( cf. KLE1255) CAG01039 CAG01039

Firmicutes CAG00294 CAG00294

Firmicutes CAG00327 CAG00327

Firmicutes CAG00468 CAG00468

Firmicutes CAG00470 CAG00470

Firmicutes CAG00513 CAG00513
Firmicutes CAG00559 CAG00559

Firmicutes CAG00572 CAG00572

Firmicutes CAG00618 CAG00618

Firmicutes CAG00669 CAG00669

Firmicutes CAG00854 CAG00854

Firmicutes CAG00965 CAG00965

Firmicutes bacterium CAG:102

Firmicutes bacterium CAG:103

Firmicutes bacterium CAG:103 CAG01225 CAG01225

Firmicutes bacterium CAG:110

Firmicutes bacterium CAG:124Firmicutes bacterium CAG:124 CAG00497 CAG00497

Firmicutes bacterium CAG:124 CAG00509 CAG00509

Firmicutes bacterium CAG:124 CAG00994 CAG00994

Firmicutes bacterium CAG:129 uncultured Collinsella sp.

Firmicutes bacterium CAG:170

Firmicutes bacterium CAG:176

Firmicutes bacterium CAG:176 CAG00773 CAG00773

Firmicutes bacterium CAG:176 CAG00967 CAG00967

Firmicutes bacterium CAG:194

Firmicutes bacterium CAG:24 uncultured Ruminococcus sp.

Firmicutes bacterium CAG:240

Firmicutes bacterium CAG:270

Firmicutes bacterium CAG:313

Firmicutes bacterium CAG:321

Firmicutes bacterium CAG:41

Firmicutes bacterium CAG:56

Firmicutes bacterium CAG:65

Firmicutes bacterium CAG:65 CAG01015 CAG01015

Firmicutes bacterium CAG:95

Flavonifractor plautii

Haemophilus parainfluenzae

Holdemanella biformis

Holdemanella biformis CAG00807 CAG00807

Klebsiella pneumoniae

Lachnoclostridium CAG01228 CAG01228

Lachnospiraceae CAG00088 CAG00088

Lachnospiraceae CAG00764 CAG00764

Lachnospiraceae CAG00937 CAG00937

Lachnospiraceae CAG01214 CAG01214

Lachnospiraceae CAG50001 CAG50001

Mitsuokella jalaludinii

Odoribacter splanchnicus

Oscillibacter CAG00676 CAG00676

Oscillibacter CAG00783 CAG00783

Oscillibacter CAG00828 CAG00828

Oscillibacter CAG00931 CAG00931

Oscillibacter CAG00941 CAG00941

Oscillibacter CAG01051 CAG01051

Oscillibacter CAG01207 CAG01207

Oscillibacter CAG01237 CAG01237
Oscillibacter sp.

Oscillibacter sp. CAG:155 CAG01146 CAG01146

Oscillibacter sp. CAG:241

Oscillibacter sp. CAG:241 CAG00984 CAG00984

Oscillibacter sp. KLE 1728 KLE 1745 VE202 24

Parabacteroides distasonis

Parabacteroides johnsonii

Parabacteroides merdae

Paraprevotella clara

Parasutterella excrementihominis

Phascolarctobacterium sp. CAG:207

Phascolarctobacterium sp. CAG:266

Phascolarctobacterium succinatutens

Prevotella CAG00375 CAG00375

Prevotella copri

Prevotella copri CAG01004 CAG01004Prevotella sp. CAG:279Prevotella sp. CAG:386
Prevotella sp. CAG:474

Proteobacteria bacterium CAG:139 (Parasutterella)

Roseburia CAG00869 CAG00869
Roseburia hominis

Roseburia intestinalisRoseburia inulinivorans

Roseburia sp. CAG:100

Roseburia sp. CAG:18

Roseburia sp. CAG:197

Roseburia sp. CAG:309 CAG00636 CAG00636

Roseburia sp. CAG:380

Roseburia sp. CAG:45

Ruminococcaceae CAG00506 CAG00506

Ruminococcaceae bacterium D16 CAG00805 CAG00805

Ruminococcaceae bacterium LM158

Ruminococcaceae bacterium LM158 CAG00961 CAG00961

Ruminococcus bicirculans

Ruminococcus bromii

Ruminococcus callidus

Ruminococcus callidus CAG00271 CAG00271

Ruminococcus gnavus

Ruminococcus lactaris

Ruminococcus sp. CAG:17

Ruminococcus sp. CAG:177

Ruminococcus sp. CAG:254

Ruminococcus torques 1

Ruminococcus torques 2

Streptococcus parasanguinis

Streptococcus salivarius

Streptococcus thermophilus

Subdoligranulum sp. 4_3_54A2FAA

Subdoligranulum sp. CAG:314

Sutterella wadsworthensis 1

Sutterella wadsworthensis 2

Veillonella atypica

Victivallis vadensis CAG00190 CAG00190

butyrate producing bacterium SS3 4 Clostridium sp. CAG:81

butyrate producing bacterium SS3 4 Clostridium sp. CAG:81 CAG01132 CAG01132

unclassified Clostridiales CAG00305 CAG00305

unclassified Clostridiales CAG00697 CAG00697

unclassified Firmicutes

unclassified Firmicutes CAG00637 CAG00637

unclassified Firmicutes CAG00670 CAG00670

unclassified Firmicutes CAG00851 CAG00851

unclassified Firmicutes CAG01308 CAG01308

unclassified Firmicutes CAG01380 CAG01380

unclassified Ruminococcaceae CAG00454 CAG00454

uncultured Faecalibacterium sp. CAG00042 CAG00042

uncultured Faecalibacterium sp. CAG00568 CAG00568

uncultured Faecalibacterium sp. CAG00601 CAG00601

uncultured Faecalibacterium sp. CAG00628 CAG00628

uncultured Ruminococcus sp. CAG00284 CAG00284

Coming Soon : Metacardis Graph Analysis !   
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Community abundance versus richness in Metacardis
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Species level analysis versus community level analysis  

Grouping species in community increase contrast between low richness samples and high richness samples.

This “denoising effect” increase statistical power which is really interesting for the high-dimensional noisy 
data we are studying in metagenomics. 
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Conclusions

 MGS graph communities :  

– synthesize gut microbiota on few variables 
– show the modulation of gut microbiota between 

high gene count and low gene count status
– Are linked to nutrition and clinical traits such as 

insulin resistance, adiposity and inflammation 
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Perspectives

 Characterize the functional content of communities

– 1 Community = 1 function ?

– Does the loss of one community lead to the loss of specifc 
function?

– Can functional annotation can help us to understand the 
nature of edges (cross-feeding, toxin secretion, competition 
for nutrients...) ? 

 Use the graphical model under the graph to simulate the increase 
of one MGS and see the effect on the ecosystem

 Assess the robustness of communities on several cohorts 
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PCA on community vector
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Regroupement en communauté LC

• Augmente le contraste entre Healthy et liverC dans  pas mal de cas (cadre rouge). Non systématique
• Synthèse globale de l’état du microbiote plus pertinente que le regroupement par phylum



Quantitative metagenomic pipeline

Sample 
collection

Sequencing

Gene 
catalogue 

Primary 
processing

Data analysis

MetaO
MineR

MetaGenomic 
Species catalogue 

http://mgps.eu/index.php?id=ibs-tools

Slide kindly provided 
by Magali Berland

2,5 To / semaine

stool  samples



Metagenomics is like a disaster 
in a jigsaw shop

Iddo Friedberg

Millions of different pieces
• thousands of different puzzles
• all mixed together
• most of the pieces are missing
• no boxes to refer to
• some pieces do not match

filtering

DNA extraction

Sequencing
Metagenomics reads



sample 
collection

sequencing reference 
constructi
on

gene 
profiling

sequence mapping 
onto gene catalogue

stool  sample

total DNA
library preparation

SoLiD/Illumina/Proton 
sequencing

short sequences 20-
50 millions 

reference gene 
catalogue

gene counts

ge
ne
s

bioinformatics /
statistics 
analyses

preprocessing / 
normalization & 

dimension 
reduction

Quantitative metagenomics pipeline

catalogue 
structuration

individuals

1

2

3

4

1 2 3 4

relation with 
clinical data

Identify clinically 
relevant groups &

ecosystems

build and test 
prediction models



Clustering genes into 
MetaGenomic Species (MGS)

intestinal 
gut bacteria

abundance profles of
gene catalogue

organize the catalogue 
by co-variance

1
1
0
1
1
1
1
0
1

3
3
0
3
3
1
3
0
1

0
2
0
0
0
1
2
0
1

2
0
0
2
2
1
0
0
1

0
0
1
0
0
0
0
1
0

0
0
2
0
0
2
0
2
2

high throuput 
sequencing

DNA extraction

0
0
1
0
0
0
0
1
0

bacteria Slide kindly provided by 
Emmanuelle Le Chatelier
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Dynamic of Dysbiosis
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