
Fabien JOURDAN ©  2019

MAPPING METABOLITES IN METABOLIC NETWORKS: THE IDENTIFIER CHALLENGE

METABOLIC NETWORKS FOR MULTI-OMICS STUDIES

Florence  VINSON
Fabien JOURDAN

Senior Researcher

French Agronomic Research Institute (INRA) Toulouse, FRANCE

@MetExplore

Fabien.Jourdan@inra.fr



transcriptomics

metabolomics

understand the 
metabolic characteristics

of cells/tissues

predict specific
biomarkers of 

expositon/disease

Predictive toxicology of 
Metabolic Disrupting

Compounds

Suggest metabolic profile 
interpretation

Web server developmentDiseases Food contaminants

Cells

Tissues

Biofluids

Del Mar Amador et al. J. Inherit. Metab. Dis. 2018
Frainay et al. Bioinformatics 2018
Frainay and Jourdan Brief. In Bioinfo. 2017

Stuani et al. Nature Cancer, 2019 Under review
Poupin et al. J. Prot. Research 2018

Poupin et al. Sci. Reports 2019 Mesnage et al. Archives of Tox. 2018 

global mathematical
modeling of 
metabolism

Cottret et al. NAR. 2018
Chazalviel et al. Bioinformatics 2018 



Apports du CATI pour …

• L’axe transversal du département Alimentation Humaine
– Animation des bio-info-math-stat du département
– Eviter les doublons dans les projets
– Lieu pour réaliser des projets communs et transversaux aux 

questions de recherche AlimH
• MetaboHub

– Travailler sur des méthodes d’intérêt pour les plateformes analytiques
– Assurer l’interopérabilité entre les systèmes d’information 

(PeakForest, W4M, MetExplore)
– Identifier les futurs défis et fronts technologiques 

• Vous
– Avoir un lieu d’échange méthodologique prenant en compte les 

attentes de l’institut … tout en se faisant plaisir!!!
– Suggestion: favoriser les hackathons, les partages 

techniques/méthodologiques



INTRODUCTION



Genome sequencing Genome annotation Network reconstruction Model refinenement

Gathering metabolic knowledge – genome scale models
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Thiele I, Palsson BØ. A protocol for generating a high-quality genome-scale metabolic

reconstruction. Nat. Protoc. 2010; 5:93–121

"Essentially, all models are wrong, but some are useful."
George E. P. Box, Norman R. Draper (1987) Empirical

Model-Building and Response Surfaces.



Human genome-scale metabolic networks

Human metabolic network Recon 2.04
Thiele I., et al. Nat Biotechnol. 2013

5063 metabolites (2626 uniques)
7440 reactions
2194 genes

Human metabolic network Recon3D
Brunk E., et al. Nat Biotechnol. 2018.

8 399 metabolites
13 543 reactions
3 697 genes

Human Metabolic Reaction (HMR)
Mardinoglu A., et al. Mol Sys Biol. 
2013.

6 005 metabolites
8 174 reactions
genes

Human metabolic network Recon 1
Duarte NC., et al. PNAS. 2007

3 188 metabolites
3 742 reactions
1 905 genes

2007

2013

2018



MAPPING METABOLITES/LIPIDS IN NETWORKS



Metabolic model and lipidomics dataset used as example

Human metabolic network Recon 2.2
Swainston et al. Metabolomics 2016

5324 metabolites (2652 uniques)
7785 reactions
1675 genes

#4311 in MetExplore

Genome-scale metabolic network Lipidomics dataset

- Lipidomics (GC & LC-MS) analyses
- Human liver biopsies
- Healthy, 3 grades of NAFL, NASH
→ signature of 32 discriminating lipids

= "NASH signature"
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The metabolite identifier issue

Genome-scale metabolic network
List of names and 

network-specific idenfiers
(M_met_cpt)

+ additional identifiers
from public databases

(LipidMAPS, ChEBI, HMDB …)

name Identifier CHEBI LipidMaps

myristate M_ttdca_c 30807 -

e.g.   C14:0 ↔ myristic acid

name

C14:0

Lipidomics dataset
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PS(16:0/16:0)
SM(18:1/14:0)
…

Metabolite
names

? ① finding relevant 
database identifiers (CHEBI)

CHEBI name

30807 C14:0
Network Identifier Dataset name

M_ttdca_c C14:0

② matching with
network metabolites

③
mapping



Recon 2.2

Name: Fatty acid anion
Recon ID: M_Rtotal
ChEBI: 28868
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Lipidomics

Name: C18:1n-9
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Class network matching

Class Matching

Exact Matching

Available in

network
Fatty acids
Glycerophospholipids

Sphyngolipids
Sterol lipids
Glycerolipids



Lipidomic library mapping

Mapping of all lipids which can be measured by MetaboHub lipidomics facilities



MetExplore : omics data analysis in genome scale networks

Website
http://www.metexplore.fr/

The project
• Publications : 

•Cottret et al (2018). Nucleic Acids Research
•Chazalviel et al (2017). Bioinformatics
•Frainay et al (2018). Bioinformatics

• Number of citations: >140 
•Metrics: 

• > 800 registered users, 
• > 1400 networks
• > 600 persons trained

• Involed in several national and EU grants
• 1 industrial partner (MedDay pharma)
• part of ELIXIR-FR Service Delivery Plan



Work in progress

• Python library to perform ontology mapping (done)

• Implementation in MetExplore (done)

• Publication (on its way)

• Future directions: allows same thing on other ontologies (e.g. 
Lipidmaps)



Conclusion

• In most networks we lack standardised identifiers
• Metabolomics data often come with no identifier
• Suggestion:

– Have on both sides two kind of identifiers:
• Chemistry based identifiers (SMILES, INCHI)
• Ontology based identifiers (ChEBI)

• Not only usefull for mapping, we also need identifiers for 
computations (e.g. atom mapping in reactions)

• Expected role of the CATI on this aspect:
– Ensure this inter-operability upward by providing relevant identifiers
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