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ChromoViz: multimodal visualization of gene
expression data onto chromosomes
using scalable vector graphics
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ABSTRACT

Summary: ChromoViz is an R package for the visualization
of microarray gene expression data, cross-species and cross-
platform comparisons, as well as non-expression genomic
data obtained from public databases onto chromosomes.
Chromosomal visualization format is proposed for the clear
decoupling of the data layer from the procedure layer and
the combined visualization of genomic data from hetero-
geneous data sources. Visualization with Javascript-enabled
scalable vector graphics enables interactive visualization and
navigation of data objects on the Web.

Availability: http://www.snubi.org/software/ChromoViz/
Contact: juhan@snu.ac.kr

INTRODUCTION

Positional clusters of co-expressed genes on consecutive
chromosomal locations are known in prokaryotic operons and
described in several eukaryotes (Roy et al., 2002), includ-
ing human (Lercher et al., 2002). Some devel opment-related
genes are physically clustered (Ramalho-Santos et al., 2002).
Genomic DNA copy number alterationsplay animportant role
in the development and progression of cancer (Pollack et al.,
2002) and may suggest theoncogenic potential of theinvolved
genes (Mu et al., 2003). Therefore, mapping gene expression
data in chromosomal order with associated annotations is a
powerful tool for understanding the higher-level chromatin
structures coordinating transcriptional regulation.

Recently developed tools (Sturn et al., 2002; Gentleman
2003, http://www.bioconductor.org/), however, have some
limitations. They are monolithic, i.e. the data layer and
the procedure layer are not clearly separated (Pressman,
1997). Sometimes it is not easy to directly compare the
multiple features of microarray data such as multi-channel
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intensitiesand derived valuesfor different transformationsand
normalizations. More importantly, it is not easy to add tracks
for informative non-expression datafor chromosomal analysis
such asCpG islands, genedensity, variations, repeatsand gen-
omic DNA copy number alterations from array CGH. Apply-
ing comparativegenomicinformation may uncover patternsof
geneexpression conserved between human and mouse. Cross-
platform visualization of gene expression data from different
technologies (i.e. cDNA and oligonucleotide arrays) and the
combined analysis of gene expression profiles from different
experiments may also uncover new biological knowledge.

PROGRAM OVERVIEW

ChromoViz is a Web-enabled multi-track visualization
tool written in the R-statistica language (lhaka and
Gentleman, 1996) with its output in Scalable Vector Graphics
(SVG; http://mww.w3.org/TR/ISVG). To clearly separate
the data layer from its procedure layer following the
principle of Gene Finding Format (GFF; http://www.sanger.
ac.uk/Software/formats/GFF/), ChromoViz usesadataformat
called Chromosomal Visualization Format (CVF) to store
the position, value and other data associated with tracks
(i.e. tab-delimited with the nine attributes, track/taxonomy/
chromosome/strand/begin/end/id/valueftitle). A Web site,
http://www.snubi.org/software/ChromoViz/, has been prov-
ided to generate CVF files with human—mouse homology
tracks from accession numbers and expression levels.

For the purpose of illustration, microarray datasets for
human and mouse stem cell differentiation are mapped onto
human chromosomes with cytoband, mouse-human homo-
logy and cross-platform-comparison information (Fig. 1).
If one uploads a list of <id>—<value> pairs (i.e. acces
sion numbers and expression levels) from microarray exper-
iments and inputs the <track> and <taxonomy> labels
a the ChromoViz Web site, the associated position and
strand information (i.e. chromosome/strand/begin/end) to
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Fig.1. ChromoVizscreenshot. Microarray geneexpression profilesfrom human and mouse stem cell sare mapped onto human chromosome 20
withthe parallel tracksof expression/non-expression and cDNA/oligonucl ectide data. Threetracks (open arrows) selected by auser areoverlaid
together (closed arrow) for direct comparison. The green circle highlights a probe searched by the user.

create complete CVF output are automatically resolved
by matching the accession to the pre-computed tables of
GenBank, UniGene, LocusLink and UCSC Golden Path:
refGene, knownGene, al_mRNA and all_est. Homologous
pairs for the probes are resolved using NCBI's Homolo-
gene. NetAffyx isused for Affymetrix oligonucleotide arrays
(http:/lwww.affymetrix.com/analysis/index.affx). The track
for a cytogenetic band is created by parsing NCBI’s report
for chromosome and cytogenetic band (ftp://ftp.ncbi.nih.gov/
genomes/H_sapiens/ maps/mapview/).

From itsinput, a CVF file, ChromoViz outputs Javascript-
enabled SV Gfilesthat can bevisualized on theclient sidewith
a Web browser using a plug-in for SVG. Javascript-enabled
SVG provides ChromoViz with interactive functionalities.
Users can navigate through chromosomes by zooming in and
out for detailed analysis. Each object can be searched and
highlighted in response to auser query. Object animation fea-
tureslikeoverlaying atrack onto another for direct comparison
can be added. Integrated visualization and clearly defined
input/output formats of ChromoViz will benefit biological
knowledge discovery.
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