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• The European Nutrigenomics Organisation
• Network of nutritionists interested in or working 

in genomics (22 partners, 11 countries)
• Funded by European Union (6 years)

• WP7: Bioinformatics and Systems biology
Analysis and interpretation of data from 
genomics studies
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Genes / proteins do not function 
alone, but they function together in 
pathways and processes !!!

Why pathway analysis?
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NuNuGOGONuNuGOGO Why pathway analysis?

Measured effects in nutrition studies are generally small 
(e.g. 2-fold change in gene expression, or less), in 
contrast to toxicological or pharmacological studies. 

Fewer (significantly) changed genes
How relevant are small expression changes?

BUT: Multiple small expression changes in a pathway 
may be very important !!
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Data from Kersten et al.
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• Functional genomics is not only about GENES
(transcriptomics, microarrays).

• Proteomics: large scale measurement of protein 
expression (2D gel electrophoresis, mass spectrometry)

• Metabolomics: large scale measurement of metabolites 
in cells, body fluids etc (NMR, mass spectrometry)

• Systems biology approach: analyze gene, protein and 
metabolite data simultaneously.
Analysis, interpretation? Use pathway analysis!
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Interpretation of
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Questionnaire:
Mainly interest in 
interpretation of microarray 
data

Focus on pathway analysis as tool for biological 
interpretation of data from microarray experiments:

• What pathway analysis tools are available?
• What are pathways relevant in nutrition research?
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NuGO PathToolbox



the European Nutrigenomics Organisation

NuNuGOGONuNuGOGO Pathway analysis & nutrition

• Which pathways are relevant in nutrition 
research?

• Pathway analysis tools contain ‘general’ 
pathways, what about nutrition-specific pathway 
information?

• Improvement of pathways by using 
information/knowledge from NuGO experts !
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How to store ‘NuGO expert pathway information’ so that 
it can be used in a flexible manner?

Reactome: reaction database; an international public 
repository, with a curation team and a peer review 
system for approval of the pathways
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Expert data

Reactome

Current GenMAPP

BioPax plus

BioPAX

Layout data

New GenMAPP
get Reactome views 
and export them to  

GenMAPP2
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Lipid metabolism pathways

Compare expert pathway, GenMAPP map and 
pathway in Reactome
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No cell compartments, e.g. 
mitochondria
Pathway not up-to-date

Reactome:
Focus on 
mitochondrial beta-
oxidation

GenMAPP map
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Genes in ‘mitochondrial fatty acid beta-oxidation’
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YellowYellow: enzyme present in 
Reactome ‘lipid metabolism 
pathway’

Not covered in Reactome:
• Transport of FA into cell
• Transport of FA-CoA into 
mitochondrion
• Fatty acid elongation and 
desaturation

Lipid metabolism pathway
By NuGO expert (Sander Kersten)
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• Transport of fatty acids, e.g. into cell, into 
mitochondrion 

• Transcription regulation of lipid metabolism 
genes
PPARs
SREBPs

• Pathways / networks around target genes (from 
literature)
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From MetaCore (GeneGO)
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From MetaCore (GeneGO)
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• How to get from simple list of genes with significantly 
changed level of expression to (small) list of significantly 
effected pathways?

MAPPFinder:
Pathways ranked by z-score
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pathways involved in lipid metabolism

Pathways sorted on percentage of genes in pathways that are 
differentially expressed

MetaCore (commercial program for pathway analysis)

MetaCore (new version): Pathways ranked by p-value
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• What are the methods available / used for calculating 
statistical significance of pathways in microarray 
datasets? 

• Also fit for other nutritional genomics (systems biology) 
studies?

• Which of these methods do we want to implement or can 
we implement?

• Develop own tools for assessing statistical significance 
of pathways in microarray datasets?
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People involved:
Duccio Cavalieri (Un of Firenze), Rob Stierum (TNO), Chris Evelo (BiGCaT), 
Rachel van Haaften (BiGCaT), Philippe Rocca-Serra (EBI), Sander Kersten
(WUR)


