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Which datat structure? (modelling)

How to represent the data structure? (drawing)

How to mine representation? (user interface)

Challenge of data visualisation with no prior knowledge on element localisation

1854 John Snow map during Cholera pandemic in London

Visualisation

Napoleon russian campaign, 1869 Charles Joseph Minard’s representation.

Information visualisation

A-B

B-C

C-D

C-E

…..

Knowledge

Apply information visualistion to metabolism
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FROM KNOWLEDGE TO GRAPHS
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Genome-scale metabolic networks: assembling metabolic information

list of reactions

GLCt4 Nae + gluce 1 Nac + glucc

HEX1 glucc + ATPc " ADPc + g6pc

PGI g6pc " f6pc

G6PDH2r g6pc + nadpc " 6pglc + nadphc

GLCter glucc 1 glucr

list of genes
(6524) or (6526)

(3098)
(2821)
(2539)

Frainay & Jourdan. Genome-scale metabolic networks. (2019). Metabolomics: Practical Guide to Design and Analysis.
Thiele,I. and Palsson,B.Ø. (2010) A protocol for generating a high-quality genome-scale metabolic reconstruction. Nat. Protoc., 5, 93–121.

Mendoza,S.N. et al. (2019) A systematic assessment of current genome-scale metabolic reconstruction tools. Genome Biol.

Reconstruction pipeline

DB
.sbml.sbml.sbml

Biomodels

Human 1
Robinson, et al. Mol Sys Biol. 2020.

10 073 metabolites
13 097reactions
3 625 genes



Fabien JOURDAN ©  2020

Graph modelling(s) of metabolic networks … a challenge 

b. Reaction graph 
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Textual description of the network
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a. Compound graph 
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c. Enzyme graph 
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d. Bipartite graph 
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e. Hypergraph 
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METABOLIC GRAPH DRAWING
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How to draw a metabolic graph?

• Continuity (“path bendiness”)(con)

• Number of crossings (cr) and 
average crossing angles (aca)

• Number of branches (br)

• Shortest path length (spl)

• Total geometric line length (tll)

• Total crossings in the graph (tcr)

Graph drawing comunity
Biochemists

Follow text book conventions!!!

But ….
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We have to deal with different level of representations: from pathways to network

Credit: adapted from Oscar Yanes, Roger Guimerà & Marta Sales-Pardo

Pathway: function oriented

KEGG Homo sapiens KEGG Homo sapiens

Network: System perspective

Glycolysis/gluconeogenesis reaction
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Usually followed option for large scale drawing: remove edges

In reality …

Credit: Clément Frainay
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Representation can be misleading for the interpretation

Far in KEGG map doesn’t mean biochemically far!
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How « good » is a network representation?

• Continuity (“path bendiness”)(con)

• Number of crossings (cr) and 
average crossing angles (aca)

• Number of branches (br)

• Shortest path length (spl)

• Total geometric line length (tll)

• Total crossings in the graph (tcr)

Graph drawing comunity
Biochemists

Follow text book conventions!!!

Reallity is in between

• Difficult to follow text book conventions at genome scale
level (thousands of nodes and edges)

• Nevertheless, we need some visual anchors for 
metabolism (cycles, paths ….)

• Take advantage of computational assisted visualisation
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Can we create visualisation following text book conventions and keeping right connectivity?

A Graph Layout Algorithm for Drawing 
Metabolic Pathways. Moritz Y. Becker and 
Isabel Rojas. 2001. Bioinformatics (17). Pages 
461-467

A new dynamical layout algorithm for 
complex biochemical reaction networks. 
Katja Wegner and Ursula Kummer. 2005. 
BMC Bioinformatics.

Doesn’t scale
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Pathway oriented visualisation without node duplication

1. Representing nodes of the same 
metabolic pathway close to each other.

2. Following text-book drawing 
conventions.

3. Not duplicating nodes.

What would be the best otpion to draw edges between pathways?
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Experiments to find the best drawing

3 biological networks
3 drawings
3 motifs to search
-> 27 tasks
-> 22 participants

Which drawing is the best 
to achieve a task?

Force directed drawing Hierarchical drawing Grid based drawing

Task: retrieve a motif (group of 3 
reactions in the network)

Experimental set-up

Custom interface recording interactions 
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Nice is not fully correlated with efficiency

Results:
• Hierarchical significantly less efficient than the other two
• No significant difference between Force directed and grid based
• Clear preference for force directed
Limits: not performed with biologists (7 bioinformatics, 15 computer science)
Conclusion: visual preference is not necessary correlated with performance!
Next: We need a more flexible strategy including representation manual representation -> MetExploreViz
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Ludovic Cottret Florence Vinson Maxime Chazalviel
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MetExplore : omics data analysis in genome scale networks

Website
http://www.metexplore.fr/

Functions
+ Collaborative curation of networks
+ omics data mapping
+ Network visualisation
+ graph algorithms
+ Webservices
+ Expertise and user support

The project
• Publications : 

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

• Number of citations: >120 
•Metrics: 

• > 840 registered users, 
• > 1500 networks
• > 700 persons trained

• Involed in several nationa and EU grants
• 1 industrial partner
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MetExploreViz

https://forgemia.inra.fr/metexplore/MetExploreViz

Component like: embed in 
your own website

Dedicated to metabolism visualisation
Open source
Javascript library
Web-component like
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Network oriented 
(atlas)

Pathway oriented
(set of functions)

Sub-network extraction
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V2: AI driven exploration

Pathway selection
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MetExploreViz, overview first

D3Js, force based alorighmFully customable view

(cytoscape like)

Create your own network 

by reaction selection

Export: json, gml, svg…
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Subnetwork extraction

Subnetwork extraction basd on 
shortest path search in carbon
transfer graph
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Cycle detection and representation

Automatic cycle detection
based on node selections

Edge bending

Data overlay

Vertical/horizontal layout

Work done by Adrien Rohan
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Data mapping

Reaction data mapping

18 metabolic pathways including at 
least 1 mapped metabolites → 

2345 reactions
→ 231 reactions

Sub-network 
extraction using
"lightest-path" 

algorithm

Width of 
arrows = 
maximal 
value of 

the 
simulated
flux range

↗ KYNU

↗ ACMDS

↗ HAAO

↘ KYAT

↘ AASS
Flux mapping

Dr. Nathalie Poupin.
INRAE researcher

Lipid/metabolite mapping
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Degree Of Interest : AI (Augmented Intelligence)

AI assisted construction of 
metabolic scenarios

Clément Frainay
Researcher INRAE
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Food for thoughts

• Don’t mix « nice » and « efficient »

• Think about task first

• Include the naviguation (UI and computatoins) in the visualisation design

• Challenges:
– Interop. (identifiers)
– Interop. (network viz files)
– Challenge: combine hand drawn visualisation at a larger scale
– Integrate regulation networks

• Online solutions sounds promising, web component to allow flexibility (MetaboHub 
objective

• Plenty of visualisation techniques to combine with network visualisation

• MetExploreViz, open to contributions!

Le beau c’est relatif …
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Position available:

Software dev.: InfoViz

Christophe Junot (CEA-MetaboHub)
Sandrine Aros (MedDay Pharma)
Emma L. Schymanski (Luxembourg Centre for Systems Biomedicine)
Reza Salek (International Agency for Research on Cancer)
Steffen Neumann (Leibniz Institute of Plant Biochemistry)
Oscar Yanes (Universitat Rovira I Virgili Research)
Sergio Polakof (INRA-UNH)
Lucile Stuani (Toulouse Cancer Research Centre)
Jean-Emmanuel Sarry (Toulouse Cancer Research Centre)
Jean-Charles Portais (Toulouse univ., INSERM)

Nathalie Poupin

Researcher INRAE
Clément Frainay

Researcher INRAE
Florence Vinson

Soft. Dev. INRAE
Pablo Rodriguez Mier

Post-doc INRAE

Maxime Delmas

PhD INRAE
Juliette Cooke

PhD INRAE
Louison Fresnais

PhD INRAE- L’Oréal
Elva Novoa

Post-doc INRAE

Maxime Chazalviel

Former MedDay Pharma.

Ludovic Cottret

Soft. Dev. INRAE

Fabien Jourdan 

Researcher INRAE

Franck Giacomoni, Nils Paulhe (INRAE-MetaboHub)
Tim Ebbels, Jake Bundy (Imperial College, UK)
Michael Witting (Helmotz Munich, Germany)
Daniel Zalko, Mex team (INRAE, Toxalim)


