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Abstract

In order to gain comprehensive understanding of the systematic dynamical workings of cells, large-scale
models encompassing the entire metabolic pathways is critical in the next era of systems biology. However,
existing modeling software tools rely on automatic layout to produce graphical representations of pathway
models, which often results in overly complex layout, thus making it difficult to manually curate large-scale
models. Hence we developed a software tool that lays out large-scale models according to the coordinates
of the KEGG Atlas using Systems Biology Graphical Notation (SBGN), so that users can edit the
large-scale metabolic model intuitively on CellDesigner.
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1 Introduction

A grand challenge of systems biology is the reconstruction of intracellular activities in silico, and the
understanding of complex systematic properties through computer simulation. With the availability of
“omics” information and high-throughput quantitative data, genome-scale models are becoming increasingly
realistic. While the modeling process is gradually expanding to handle large-scale pathway models, existing
modeling software tools still primarily rely on automatic layout for the visualization of the components,
which is not an exception for the popular SBML (Systems Biology Markup Language) [1] compliant
graphical modeling software CellDesigner [2].

Here we introduce a web tool that takes models written in standard SBML and adds layout information
using CellDesigner extensions with entities laid out based on the coordinates of KEGG (Kyoto Encyclopedia
of Genes and Genomes) Atlas [3]. KEGG Atlas is a recently introduced feature in KEGG, which integrates
120 existing local maps into a single global map. By utilizing this manually curated map, our tool allows
intuitive modeling of genome-scale models on CellDesigner or other modeling software that supports the
graphical notation standard for SBML, SBGN (Systems Biology Graphical Notation) [4]. Genome-scale
models laid out using our software tool, originally reconstructed by the GEM System (Genome-based
Modeling System) [5], are available at http://www.g-language.org/gem/.

2 Software Architecture

Although the majority of edges in KEGG Atlas represent single reaction, about one third of the edges
represent multiple reactions and thus contain many hidden compounds, mostly due to layout efficiency.



However, this is not sufficient for the visualization in pathway modeling software, since every component
should be available for editing and manipulation. Therefore, we have rebuilt the map with hidden
compounds and reactions by comprehensively checking through the relations within KEGG Atlas and
LIGAND database. Components of the model that are not included in the KEGG Atlas, such as coenzymes
or molecules not included in KEGG LIGAND, are automatically placed nearby related components.

Our layout tool outputs models as SBML with CellDesigner SBGN layout annotation, which is
compatible with most SBML/SBGN compliant simulation software. CellDesigner can export the model as
SBML with layout annotation, plain SBML (without annotation), and in graphic formats such as SVG
(Scalable Vector Graphic), PDF, PNG, JPEG and EPS.
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Figure 1: KEGG Atlas reference pathway map drawn on CellDesigner
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