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Context
Contextualizing metabolomics data for interpretation

?
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Noronha A. et al. ReconMap: An interactive visualisation 
of human metabolism. Bioinformatics 2017
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Context
Leveraging metabolic models
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Context
Leveraging metabolic models using graph theory
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Specific characteristics of metabolic networks

Most connected 
compounds in the 
Human metabolic 

network

Most side compounds are 
ubiquitous, not specific to 
any biological process

CPD DEGREE

H+ 14959

H2O 13127

ATP 5427

CoA 3961

NADP+ 3816

Na+ 3448

HCO3- 3129

ADP 3086

Pi 3015

NADPH 2945

Side compounds hubs
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Specific characteristics of metabolic networks

Most connected 
compounds in the 
Human metabolic 

network

Most side compounds are 
ubiquitous, not specific to 
any biological process

Side compounds hubs 
creates irrelevant shortcuts

CPD DEGREE

H+ 14959

H2O 13127

ATP 5427

CoA 3961

NADP+ 3816

Na+ 3448

HCO3- 3129

ADP 3086

Pi 3015

NADPH 2945

Side compounds hubs
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From metabolic models to metabolic networks
The side compound problem
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Counting this 
fellow = drastic 
changes in the 
network 
structure

From metabolic models to metabolic networks
The side compound problem



p. 9Définir la distance métabolique
NetBio2025 C. Frainay

Processing practice 
regarding S.C. caused a lot 
of disagreements on 
metabolic networks 
topology and properties

From metabolic models to metabolic networks
The side compound problem
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- Using manually curated list
 Quite arbitrary→
 usually poorly reported→

Parter, M., Kashtan, N. & Alon, U. Environmental 
variability and modularity of bacterial metabolic 
networks. BMC Evol Biol 7, 169 (2007).

“ ”

Defining side compounds: State of the art
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- Using manually curated list
 Quite arbitrary→
 usually poorly reported→

Parter, M., Kashtan, N. & Alon, U. Environmental 
variability and modularity of bacterial metabolic 
networks. BMC Evol Biol 7, 169 (2007).

“ ”

- Using degree (hubs)
 Not all hubs are Side compounds→

    Not all side compounds are hubs
 User defined threshold   →

Lahiri, D., Nag, M., Dey, A. et al. Marine bioactive 
compounds as antibiofilm agent: a metabolomic approach. 
Arch Microbiol 205, 54 (2023)

”

“

Defining side compounds: State of the art
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- Using manually curated list
 Quite arbitrary→
 usually poorly reported→

- Using degree (hubs)
 Not all hubs are Side compounds→

    Not all side compounds are hubs
 User defined threshold   →

- Using chemical similarity 
(side transitions)

Frainay C. & Jourdan F. Computational methods to identify metabolic sub-
networks based on metabolomic profiles. 2016. Briefings in Bioinformatics.

Defining side compounds: State of the art
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- Using manually curated list
 Quite arbitrary→
 usually poorly reported→

- Using degree (hubs)
 Not all hubs are Side compounds→

    Not all side compounds are hubs
 User defined threshold   →

- Using chemical similarity
(side transitions)

 depends on Fingerprint definition →  
 might need thresholding→

Frainay C. & Jourdan F. Computational methods to identify metabolic sub-
networks based on metabolomic profiles. 2016. Briefings in Bioinformatics.

Defining side compounds: State of the art
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Jasmin Hafner, Vassily Hatzimanikatis, NICEpath: Finding metabolic pathways in large networks 
through atom-conserving substrate–product pairs, Bioinformatics, Volume 37, Issue 20, October 
2021

- Using RPAIRS (KEGG)
 Expert curated→

             Discontinued (2016)→

Defining side compounds: State of the art
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- Using RPAIRS (KEGG)
 Expert curated→

             Discontinued (2016)→

- Using Atom-Atom Mapping
   Step-wise Carbon continuity→

                 Context-dependant side compound→

               Computationally expensive→
  

Defining side compounds: State of the art
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             Discontinued (2016)→

- Using Atom-Atom Mapping
   Step-wise Carbon continuity→

                 Context-dependant side compound→

               Computationally expensive→
  

Defining side compounds: State of the art
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Defining side compoundsDefining side compounds

Takemoto K (2013) Does Habitat Variability Really Promote 
Metabolic Network Modularity?. PLOS ONE 8(10)

“
”

 Reproducibility crisis→

- No methodological consensus, each as pro and cons
- Arbitrarily set parameters and subjective definitions
- Home-brewed closed-source scripts or manual procedure
- Poor reporting practice 

challenges
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The library
Scripting graph analysis of
metabolic models

The Met4J ecosystem
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45 apps (20 analyses)

Available as executable JAR, 
Singularity image, Docker 
image

The Toolbox
A registry of CLI tools

The library
Scripting graph analysis of
metabolic models

The Met4J ecosystem
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The workflows

A Galaxy instance to pipe any app 
from the toolbox with other tools 
from the community

FAIR processing & analysis

The Toolbox
A registry of CLI tools

The library
Scripting graph analysis of
metabolic models

The Met4J ecosystem
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Genome Scale Atom Mapping
Combining RDT1 with SBMLs

1Rahman, S. A., Torrance, G., Baldacci, L., Cuesta, S. M., Fenninger, F., Gopal, N., … Thornton, J. M. (2016). Reaction Decoder 
Tool (RDT): Extracting features from chemical reactions. Bioinformatics, 32(13), 2065–2066.

https://forge.inrae.fr/metexplore/gsam
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Exploiting Metabolic proximity
Shortest paths

Maxime Chazalviel et al. MetExploreViz: web component for interactive metabolic network visualization. (2017) Bioinformatics

Mochel et al. Journal of Inherited Metabolic Disease. 2018

Metabolic distance 
matrix

Sub-network Extraction

Network partition
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Exploiting Metabolic proximity

Page L, Brin S, Motwani S, et al. The PageRank Citation Ranking: Bringing Order to the Web. 1999, Stanford, CA, USA: Stanford 
University

Page Rank: Beyond shortest path

Models the probability of landing on a node after many steps of a random walker
“closer” nodes in terms of link flow get higher scores.

Nodes connected to highly ranked or densely linked regions appear more “proximal” 
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Based on transitivity :

Friends of your friends are 
more likely to be your 
friends

Exploiting Metabolic proximity
Metabolic recommender System
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Exploiting Metabolic proximity
Metabolic recommender System

Based on transitivity :

Metabolites produced from 
affected metabolites are 
more likely to be affected as 
well



p. 26Définir la distance métabolique
NetBio2025 C. Frainay

Exploiting Metabolic proximity
Metabolic recommender System
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Exploiting Metabolic proximity
Metabolic recommender System
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Beyond metabolism
Proximity within knowledge graphs
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● 13 484 751 scientific articles
● 102 704 476 chemical compounds
● 24 353 MeSH descriptors
● 6 689 ChEBI classes
● 82 248 460  chemical - biomedical 

concepts links inferred

https://forum-webapp.semantic-metabolomics.fr/

Beyond metabolism
Proximity within knowledge graphs
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Beyond metabolism
Literature bias in metabolism research?
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Beyond metabolism
Leveraging metabolic proximity for semantic annotation

Using a Bayesian framework 
leveraging metabolic proximity, 
we suggested more than 
35,000 associations between 
1,047 overlooked metabolites 
and 3,288 diseases (or disease 
families)
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Beyond metabolism
Leveraging metabolic proximity for semantic annotation

Using a Bayesian framework 
leveraging metabolic proximity, 
we suggested more than 
35,000 associations between 
1,047 overlooked metabolites 
and 3,288 diseases (or disease 
families)
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Thanks!
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