
PathWave 2.1: a user-friendly R package for 
detecting differential regulation and switches in 

metabolic and signaling pathways

Gene expression profiling by microarrays or transcript sequencing (RNA-Seq) enables observing the pathogenic function of cells on a 
mesoscopic level. We present a new version of PathWave, a tool that explicitly takes the topology of metabolic networks into account to 
identify both global and localized (switch-like) regulatory shifts in metabolic pathways. For this purpose, PathWave applies adjusted wavelet 
transforms on gene expression data after mapping it to optimized 2D grid representations of curated pathways from KEGG or BiGG. 
Inaddition, the method can also be applied to signaling pathways.
PathWave 2.1 has several improvements including an improved construction of 2D pathway grids for the application of wavelet transforms, a 
more flexible and user-friendly interface and pre-arranged 2D grid representations for H. sapiens, M. musculus, D. melanogaster, D. rerio, C. 
elegans, and E. coli. Here, we present PathWave's basic workflow and briefly discuss the improvements and current applications.

Conclusions. We presented the R-package PathWave 2.1, and 
discussed its major improvements (user-interface, improved pre-
processing of KEGG and BiGG pathway maps, pre-processed 
pathways for six species).
Examples for the application of PathWave to different biological 
problems regarding different species and gene expression data 
types demonstrate the usefulness of our approach to pathway 
analysis. 
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Goal: Finding crucial players in cellular networks 
for specifically targeting pathogenic cells
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Pattern recognition with wavelet transformations

Ri: Reaction i

Mj: Metabolite j
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Example: Switch-like regulation pattern in glutamate 
metabolism in neuroblastoma (Schramm et al., 2010)
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Extraction of metabolic pathways from SBML (BiGG)

Identification of differentially regulated pathways not only for 
KEGG (Kanehisa et al., 2008), but also for pathways extracted 
from BiGG (Biochemical Genetics and Genomics 
knowledgebase of reconstructed metabolic models; 
Schellenberger et al, 2010). This has already been applied to 
Alzheimer's Disease (Lewis et al, 2010)

Example: pathways in aging of Drosophila

Microarray data (Doroszuk et al, 2012) from long-lived 
flies (8 samples) versus normal specimens (8 samples)

Workflow for defining the relevant pathways

- mapping of ex-
pression data on a 
cellular network

=> extracting 
coherences and 
incoherences 
within the network

Expression Network Normalization
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Example: pathways in aggressive medulloblastoma

RNA-Seq data (unpublished) from medulloblastomas (4 WNT; 16 
SHH; 11 Grp3; 13 Grp4) and normal control tissue (7 samples)

Two metabolic pathways from KEGG show a significant differential 
regulatation for Grp3 vs control but not for all tumors vs control:

Pathway P up - down

Tryptophan metabolism 3.22E-03 7 24 1

N-Glycan biosynthesis 1.77E-02 6 26 1

Improvements of PathWave 2.1

R-package with a simple user interface

New, improved optimization of 2D pathway maps

up to 103 times faster algorithm to map pathways to
optimally arranged 2D rappresentations (needed for 
the application of wavelet transforms)

More pre-processed 2D grid arrangements of pathways for immediate application

The R-package comes with two sets of arrangements for H. sapiens (KEGG & BiGG pathways) as well as 
arrangements (KEGG only) for five additional species: M. musculus, D. melanogaster, D. rerio, C. elegans 
and E. coli. For other species, it provides the necessary tools to produce own 2D grid arrangements.

Examples for the application of PathWave to 
• different species
• different types of expression data
• metabolic and signaling pathways 


