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Omics overview [Joyce and Palsson, 2006].
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Glycolysis pathway in KEGG
[Kanehisa et al., 2008].
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Enrichment techniques

Motivation

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

e How could we interpret them...?

Functional analysis

o ...by finding their most relevant biological functions.
o Takes advantage of the annotated biological context.

o Over Representation Analysis: statistical tests for pathways.

Application to other Omics

This approach was exported to understand lists of:
o Proteins (Proteomics)
o Metabolites (Metabolomics)
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Current tools: MetaboAnalyst [Xia et al., 2012]
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Metabolic pathway FDR Impact
Thiamine metabolism 3.51E-6 0.125
Nitrogen metabolism 2.03E-5 0.008
Cysteine and methionine metabolism 3.23E-5 0.605
Taurine and hypotaurine metabolism 2.52E-4 0.144
Lysine biosynthesis 3.68E-4 0.168
Glutathione metabolism 6.93E-4 0.428
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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

Knowledge graph in FELLA [Picart-Armada et al., 2017] is built from KEGG [Kanehisa et al., 2008].
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Heat Diffusion (1)

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)

We force significant metabolites to be warm. Heat flows through
metabolites, reactions, enzymes, modules and pathways. Afterwards,
we select the warmest nodes.

1w

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

825 Pathway enrichment from KEGG compounds

1. Upload your compounds 2. Advanced options 3. Examine your results 4. Export your results
Overview and Upload your Check your uploaded compounds
instructions compounds Remember to place your compounds as a column in the csv file.

“The mapped compounds should appear below:
SHELLA online tool allows you to perform PP P PP

a pathway enrichment for Metabolomics Define your significant KEGG name
using KEGG database compounds:
1,3-Diaminopropane
1. Upload your ® Example 1
. Example 2 N-Carbamoylsarcosine
compounds
Example MetaboAnalyst Urea
You can upload your data in terms of
affected compounds, alternatively you can I will upload my compounds

use our sample data. Once your Excluded compounds:

compounds are uplodaded, you will be
shown the matches and the mismatches
(excluded compounds) Browse...
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Interactive app (II)

1. Upload your compounds 2. Advanced options 3. Examine your results 4. Export your results

Adjust arguments (optional)

The database Graphical parameters GO Cellullar Component for
) ) enzymes
Local databases choice Threshold (p-score) for the nodes in
the solution graph You can add a cellular component filter for the enzymes in
your output. For example, if you decide to filter by
human e s @D @ mitochondrion’, use the example GO label. For each
enzyme family, its GO term will be determined by the best
— semantic similarity using the genes in that family. The Gt

cellular component of the best hit will be appended to the
node label and the node shape will become triangular. If
GO annotations are unavailable for an enzyme, it will be

Limit for the number of nodes in the left with a circular shape.
solution graph Adding a GO term takes some time, please
linked db w0 B w be patient

Specify a GO term

Threshold for the size of a connected
component to be shown
[oos) 0
-« GO orgDb

GO data options

roteinid

Limit for the label length in the plot
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Interactive app (111

1. Upload your compounds 2. Advanced options | 3. Examine your results 4. Export your results

Number of nodes: 78
Select by id v

Selectby group v

primary-amine oxidase

Alanine metabolism - Homo sapiens (human) >
se (deaminaiing) /.

iinating)

N-Methylhydantoin Yolicine-2,4-dione amidohydrolase (AT.
Py carboxynorspermidine:NADP+ oxidoreductase
(deaminating)
Spermidine:(acceptor) oxidoreductase

diamine oxidase. Spermidine

Ammonia

oxidol RO9077

Creati hydrol m—
reatinine iminohydrolase Sherming oxidaga SPermidine:oxygen oxidoreductase (sperr
Putrescine:oxygen oxidoreductase (deaminating)
Learginine:oxygen oxidoreductase (deaminating) s —
Arginine and proline metabolism - Homo sapiens (hu...™
fatin e 6nd pro DT
4-Aminobutyraldehyde
putrescine:2-oxoglutarate aminotransferase:

4-Guanidinobutanoate amidinohydrolase

P
|

GABA biosynthesis, eukaryotes, putrescine => GABA

brocollagen-proline dioxunanan~
L

midohydrolase



Interactive app (IV)

1. Upload your compounds 2. Advanced options 3. Examine your results 4. Export your results

Export tables

Export the whole results table as csv
& Download table with results
Export the enzymes in the solution with related genes and GO terms as csv
&. Download table with enzymes
Export the genes (entrez) that belong to the enzyme EC numbers as a text file

& Download text file with genes

Export graph solution to R igraph

& Download R igraph solution

Results
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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

o Quick start: toy dataset to illustrate the essentials
o FELLA: main vignette, thorough description and three datasets

o Mus musculus study: example on an animal disease model

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

B1oconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS


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

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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