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What is a metabolic network?
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From genes to reactions
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From genes to reactions

Genes Genomics
- 1 B [ [

Transcrlptlon

RNAs Transcriptomics
]
O ]
]
Translation
Proteins Proteomics
e, Ludovic Cottret

p N Séminaire “Méthodes et outils pour I'Open Data”
I.ahuratoireInteractiunsplantesMicro-urganismes Saint-Mal‘tin de LOlld]."eS, 18 décembl“e 20 14




From genes to reactions
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From genes to reactions

Genes
- IS [
Transcription
RNAS
I ]
O I
__
Translation
Proteins

Catalysis
Reactions i 7
and S —
metabolites U= ° \\

HOn

T goH
- HO}\ ' H
B-D-glucose-b6-phosphate

D-fructose-6-phosphate .
$,1 ;,mwm e, Prow Ludovic Cottr
IN?A C r ﬁu sl s N Séminaire “M
SCIENCE & IMPACT z L aboratoire Tnteractions Plantes ¥licr

icro-organismes

‘i

Saint-Martin




From genes to reactions
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Metabolic network I1s a useful context for omics
data interpretation...
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... and visualisation faclilitates this interpretation!
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Metabolic network static visualisation
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Before computers...
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Roche BioChemical Pathways (Boehringer
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Metabolic pathways in KEGG

Ktec Lysine biosynthesis - Reference pathway
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Metabolic pathways in KEGG

K[cc Lysine biosynthesis - Saccharomyces cerevisiae (budding yeast)
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Metabolic pathways in BioCyc
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Creation and edition of metabolic pathways
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Pathway editor in the pathway-tools (BioCyc)

Exit FReaction Pathway

Editing Pathway test
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Metabolic graph visualisation
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Principles

* One entity (reaction or metabolite) = one node
* Nodes are linked by interactions (edges)
» Layout algorithms for optimising the visualisation

Ludovic Cottret
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Force-directed layout

/Node size exerts repulsion

[f;? Q%j Canvas Gravity
Draws the graph
toward the center
of the canvas

: Edge weight exerts attraction

Force-Directed Algorithm
Shows the results of
attraction and repulsion
among all nodes

N
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Hierarchical layout
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Layout designed for metabolic networks

Objectives
+ - when possible, preserves
_1; +1 ﬁ the classification of the
TEs W reactions in metabolic
T pathways
i RS - takes into account the
S el | | . _ metabolic pathway drawing
TH | it § = [ conventions
5 3
- T
'4? -TTT Bourqui R, Cottret L, Lacroix V, et al. Metabolic network
3 visualization eliminating node redundance and preserving
—ﬁ:}_ metabolic pathways. BMC Systems Biology 2007;1:29.
H
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Cytoscape Java
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Cytoscape JAVA

* user friendly * Version 3.0 :
 visual styles - V2 plugins can not be
a lot of plugins e
p. J - Web start not
* may be linked to Web possible?
pages by Java Web
start

0 L

e Ludovic Cottret
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Tulip | Systrip
http:/[tulip.labri.fr/TulipDrupal/?q=systri

Unclassi. ..
superpa...
superpa..

purine n...

superpa...
superpa..

glycolysi. ..

superpa...
= peptido...

= Sub-view

superpakh. ..
superpath. ..
purine nuc...
superpath. ..
superpath. ..
glycolysis lll

superpath. ..
peptidogly. ..

D-glutarmate
Clucosami...
D-glucosa...
myo-inosit. ..

Pathway
Pathway
Pathway
Pathway
Pathway
Pathway
Pathway
Pathway

. Reaction

Compound

. Reaction

Reaction
Reaction
Reaction

. Compound

Compound
Reaction

Compound
Compound

0000326
0000058
0000042
0000039
0000035
0000034
0000034
0000033
0000033

< threonine degradation |

s E.'.lf N
.1.4 'HOMO-SER

Il_GM5224_B

cPD1VE-181 4 ;

s
APRENYL-4-HYDROXYBENZOATE
D [ Information View
>

K[“ REACTION: R06417

Entry ROB417 Reaction
Name (+)-cis-isopulegone:NADP+ oxidoreductase

Definition|(-)-Isopiperitenone + NADPH + H+ <=> (+)-ci
Equation CO2485 + CO00O5 + CODOBO <=> C11951 + COO004E
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Tulip et Systryp

* Powerful (OpenGL) * Not very user friendly

 Many graph * Nobody to maintain !!!
measures
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Trend : Gephi __
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Metabolic network web visualisation
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Cytoscape.js

Network:

Network 42745 - 1
Visual Style:

default
Layout:

preset
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Cytoscape.|s

e Large community * Lags with large
networks

* Links with Cytoscape
Java
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d3. js

 Powerful

| * Interactions more difficult
* More generic to handle (- SVG)

« Large communauty

e Ludovic Cottret
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Future : Network visualisation with Webgl ?
EX: sigmajs

» Uses the
graphic cards

http://sigmajs.org/
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Sub network identification helps the
visualisation

@ Cytoscape Desktop (New Session) -
File Edit View Select Layout Plugins Help

b @\ (-D‘ Q @ ﬁ Bm % Search: l:E Enhanced Search:
Cantrol Panel % Lightest Path Sub-Nebwork of graph_21837 o [ W5 | 2 graph 21837
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Metwork Nodes Edges

1947(0) 2250(0)
Lightest Path Sub-Network of 132(0)  166(0)
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Challenges

 Numerous visual styles
* Layouts not always deterministic

Ludovic Cottret
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Systems Biology Graphical Notation (SBGN)
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Take home messages

e Network visualisation Is now Interactive

» Large network visualisation is still a
challenge

» Sub network identification helps the
Interpretation

* Network visualisation in web Is now possible

« Standardisation initiatives allows sharing
biological network views

¢ Ludovic Cottret
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