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Omic sciences

Omics overview [Joyce and Palsson, 2006].
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Databases

Examples

Glycolysis pathway in KEGG
[Kanehisa et al., 2008].

PPI network in STRING
[Szklarczyk et al., 2015].
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Enrichment techniques

Motivation

In the early 2000’s gene expression studies led to large lists of
differentially expressed genes...

How could we interpret them...?

Functional analysis

...by finding their most relevant biological functions.

Takes advantage of the annotated biological context.

Over Representation Analysis: statistical tests for pathways.

Application to other Omics

This approach was exported to understand lists of:

Proteins (Proteomics)

Metabolites (Metabolomics)
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Current tools: MetaboAnalyst [Xia et al., 2012]
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Workflow in FELLA
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Workflow to enrich a list of metabolites using FELLA [Picart-Armada et al., 2017].
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Building a graph object from KEGG

1 - Pathways

2 - Modules

3 - Enzymes

4 - Reactions

5 - Compounds

Knowledge graph in FELLA [Picart-Armada et al., 2017] is built from KEGG [Kanehisa et al., 2008].
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Heat Diffusion (I)

Overview

KEGG graph is regarded as a meshed object on which we diffuse heat.

Heat diffusion in a meshed object. Image extracted from www.cd-adapco.com.
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Heat Diffusion (II)

Intuitive idea

We force significant metabolites to be warm. Heat flows through
metabolites, reactions, enzymes, modules and pathways. Afterwards,
we select the warmest nodes.
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Diffusion in the KEGG graph. Affected metabolites introduce heat flow and pathways dispel it.
Diffusion scores undergo a statistical normalisation afterwards [Picart-Armada et al., 2017].
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Case study (I)

Alanine, aspartate and...

Cysteine and methionin...

Glutathione metabolism...

Central carbon metabol...

Choline metabolism in ...

Serine biosynthesis, g...

GABA (gamma−Aminobutyr...

Glutathione biosynthes...

Polyamine biosynthesis...

Cysteine biosynthesis,...

FAD;

Glycine;

L−Alanine;

L−Aspartate;

Glutathione;

sn−Glycerol 3−phosphat...

L−Cysteine;

Glutathione disulfide;

myo−Inositol;

L−Proline;

L−Homocysteine;

5'−Methylthioadenosine...

Spermidine;

4−Aminobutanoate;

L−Cystine;

N−Acetyl−L−glutamate;

gamma−L−Glutamyl−L−cys...

sn−Glycero−3−phosphoch...

L−2−Aminoadipate;

N−Acetyl−L−aspartate;

Cys−Gly;

Pidolic acid;

2−Hydroxyglutarate;

N−Formylmethionine;

N−Acetylaspartylglutam...

Legend for cellular 
component similarity 

in enzymes
(GO term: mitochondrion)

Similarity < 0.5

Similarity < 0.7

Similarity < 0.9

Similarity = 1

Legend for nodes

Pathway

Module
Enzyme

Reaction
Compound

Input compound

Significant subgraph
204 nodes
297 edges

Diffusion applied to a metabolomics study. 38 metabolites were affected by knocking out an
uncharacterised mitochondrial protein [Picart-Armada et al., 2017].
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Case study (II)

Legend

Enzymes

Compounds

Reported enzyme

Non-reported enzyme

Non-human enzyme

Reported compound

Non-reported compound

MS metabolites

NMR metabolites

Relevant metabolites and enzymes, overlaid in the Glutathione metabolism pathway from KEGG
[Picart-Armada et al., 2017].
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Interactive app (I)
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Interactive app (II)
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Interactive app (III)
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Interactive app (IV)
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Availability

Bioconductor

FELLA is actively maintained and available in Bioconductor:
https://doi.org/doi:10.18129/B9.bioc.FELLA

Vignettes with toy and real examples

Quick start: toy dataset to illustrate the essentials

FELLA: main vignette, thorough description and three datasets

Mus musculus study: example on an animal disease model

Gilt-head bream: example on a non-human drug exposition study

https://doi.org/doi:10.18129/B9.bioc.FELLA
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Questions

FELLA’s status:
Algorithm: published [Picart-Armada et al., 2017]
R package: published [Picart-Armada et al., 2018]

Interactive app (small scale):
E-mail me and I will share the URL

Maintainer:
sergi.picart@upc.edu

https://doi.org/10.1371/journal.pone.0189012
https://doi.org/10.1186/s12859-018-2487-5
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