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ABSTRACT

Motivation: Gene expression analysis with microarrays has become
one of the most widely used high-throughput methods for gathering
genome-wide functional data. Emerging -omics fields such as proteo-
mics and interactomics introduce new information sources. With the
rise of systems biology, researchers need to concentrate on entire
complex pathways that guide individual genes and related processes.
Bioinformatics methods are needed to link the existing knowledge
about pathways with the growing amounts of experimental data.
Results: We present KEGGanim, a novel web-based tool for visuali-
sing experimental data in biological pathways. KEGGanim produces
animations and images of KEGG pathways using public or user uploa-
ded high-throughput data. Pathway members are coloured according
to experimental measurements, and animated over experimental con-
ditions. KEGGanim visualisation highlights dynamic changes over
conditions and allows the user to observe important modules and key
genes that influence the pathway. The simple user interface of KEGG-
anim provides options for filtering genes and experimental conditions.
KEGGanim may be used with public or private data for 14 organisms,
with a large collection of public microarray data readily available. Most
common gene and protein identifiers and microarray probesets are
accepted for visualisation input.

Availability: http:/biit.cs.ut.ee/KEGGanim/.

Contact: vilo@ut.ee

1 INTRODUCTION

Knowledge of pathways stored in databases is often far from
complete. Bioinformatics methods are needed that combine various
experimental data to verify existing knowledge and propose new
hypotheses. Visualisation has a key role in understanding com-
plex and dynamical phenomena of pathways, proteomics and gene
expression. Several efforts have been made in this area, but there
is still a need for interactive web-based pathway resources. For
example, KEGG allows the user to colour genes on the pathway.
Reactome Skypainter and PathwayExpress (Khettral, 2007)
link genes to pathways using overrepresentation analysis. However,
these tools have no means for directly incorporating experimental
data. Also, fixed images fail to deliver the temporal and spatial
dynamics behind pathways and gene expression. GenMAPP (Dahl-
quist et al, 2002) and BioCyc Pathway Tools (Paley al, 2006)
produce user-defined pathways and cellular wiring diagrams, and
allow inclusion of expression data with some animation capabili-
ties. No such systematic visualisation functions are available for the
comprehensive KEGG resource.

2 APPROACH

KEGGanim is a novel web-based visualisation tool that links manu-
ally curated pathway maps from KEGG with experimental data from
sources like gene expression and proteomics. KEGGanim shows
animated figures of pathways with genes and proteins depicted as
coloured rectangles. Pathway members are painted red or green
according to their experimental values in the given dataset. Ani-

High-throughput methods such as microarrays have changed th@ation changes the colour values of these rectangles while looping

research pace in molecular biology. Thousands of genes and protgver experimental cafitions in the datasefor instance moments

ins are now routinely studied under experimental conditions (Scheng a timeseries (Spellmagt al, 1998), healthy and diseased samples

et al, 1995; Eadt al, 2000; Bucket al, 2004), with results stored  (Alon et al, 1999), or samples of healthy tissues @eal, 2005).

in public microarray databases like GEO (Barmettal, 2007) and KEGGanim allows a researcher to observpression and protein

ArrayExpress (Parkinsost al, 2007), and protein databases like production dynamics in the context of pathway dependencies. Ani-

Pride (Jonest al, 2006). mating a pathway over consecutive timepoints reflects the behaviour
As genomic and proteomic data accumulate, researchers envibf master regulatory genes, propagation of signals in the pathway

sage complex systems behind biological processes and functiongver time, and the avalanche of up- and downregulation caused by

Genes and proteins rarely operate alone in the cell, but are regulghe master regulator. When analysing a set of conditions or tissues

ted by elaborate mechanisms and bound into networks (Alon, 2007hn microarray, KEGGanim allows to reason about tissue specifi-

Systems biology approaches are applied to view these networks igity or the influence of global conditions on the pathway and its

detail. Well-studied parts of networks called pathways have rolegomponents. Fig. 1 shows an example of KEGGanim output.

in cell signaling, gene regulation and metabolism as well as human

disease. Pathways are described in databases like KEGG (Kanehisa

et al, 2006) and Reactome (Vastik al, 2007). 3 METHODS

KEGGanim combines KEGG pathway data with a matrix of experimental

values of genes and proteins. Firstly, the user needs to select a pathway of
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Fig. 1. KEGG animated pathways example: cinefilm snapshots digxXpsession of genes involved in the apoptosis pathway gumiyocardial remodeling.
The snapshots show pathway behaviour in three samplest oflefricle; non-ischemic (middle), ischemic (right), amclte ischemic (left) conditions are
observed. Ischemic tissue, a common reason for heart disesmsses decrease in blood supply that leads to apoptaseventually to tissue death.

The second input is a matrix containing experimental vafoegenes
and proteins. A number of gene expression datasets from GE@G\aay-
Express are available in KEGGanim for immediate analysiEGKanim
automatically fetches all associations to the genes in étleway from the

used in several research initiatives, e.g. in functionafifing of
mouse embryonic stem cell development.
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standard names, RefSeq, Entrez, Affymetrix, UniProt, BMBE, as well
as species-specific IDs. Uploaded data is optionally céranel normalised,
and missing values may be replaced with fixed values or vikkiNemethod
(Troyanskayat al, 2001) implementation in GEPAS (Montaredral, 2006)
Additional options help to interpret the animations andceorirate on
specific conditions or components. KEGGanim tooltips @igplames and
descriptions of genes and proteins when the user hoverscovezspon-
ding pathway members. Lineplots display the amounts ofepstor the
gene expression levels. The user can narrow down the studglbgting
a subset of conditions to view. Experimental values foresrant pathway
members and related probesets may also be excluded fromitinatan.
The cinefilmfeature overcomes the technical difficulty of includingraat
tions in printed materials by allowing the user to extrachpay snapshots
of timepoints or conditions into a separate image (Fig. T)ese features
are especially useful in visualising timeseries data. THedaimations pro-
duced by KEGGanim do not require special software packagegdwing,
and can easily be inserted into presentation slides, webspagorials, etc.

4 DISCUSSION

Advancing high-throughput technologies allow researshér
gather information about organisational, functional arysical
layers of the cell. There is an increasing need for ideas shet
cessfully integrate layers of data and explain the elabaragcha-
nisms responsible for creating the observed measurem@fits.

the development of KEGGanim, we wish to contribute to thexdat

integration goal and provide methods that take advantagieof
powerful human visual analysis skill.

5 CONCLUSION

KEGGanim is a simple web-based visualisation tool thatdink
manually curated KEGG pathway maps with high-thoughpua.dat

The tool creates animations that allow intuitive visual lgsia of
condition or tissue specific changes in gene expressionateipr
levels within the selected pathway. KEGGanim is alreadivelgst
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