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ABSTRACT

Understanding of logic and dynamics of gene-regulatory
and biochemical networks is a major challenge of systems
biology. To facilitate this research topic, we have de-
veloped CellDesigner, a modeling tool of gene-regulatory
and biochemical networks. CellDesigner supports users
to easily create such networks using solidly defined and
comprehensive graphical representation (SBGN: Systems
Biology Graphical Notation). CellDesigner is SBML com-
pliant, and is SBW-enabled software so that it can im-
port/export SBML described documents and can integrate
with other SBW-enabled simulation/analysis software pack-
ages. CellDesigner also supports simulation and parameter
search, which is supported by integration with SBML ODE
Solver, enabling us to simulate through our sophisticated
graphical user interface. We could also browse and modify
existing SBML models with references to existing databases.
CellDesigner is implemented in Java, thus it runs on var-
ious platforms such as Windows, Linux, and MacOS X.
CellDesigner is freely available via the Web.

1 INTRODUCTION

Systems biology is characterized by synergistic integration
of theory, computational modeling, and experiment (Kitano
2002). While software infrastructure is one of the most
crucial components of systems biology research, there has
been no common infrastructure or standard to enable inte-
gration of computational resources. To solve this problem,
the Systems Biology Markup Language (SBML, <http:
//sbml.org>) (Hucka et al. 2003) and the Systems
Biology Workbench (SBW, <http://sbw.kgi.edu>)
have been developed (Sauro et al. 2003). SBML is an
open, XML-based format for representing biochemical re-
action networks, and SBW is a modular, broker-based,
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message-passing framework for simplified intercommuni-
cation between applications. More than 100 simulation and
analysis software packages already support SBML, or are
in the process to support them.

Identification of logic and dynamics of gene-regulatory
and biochemical networks is a major challenge of systems
biology. We believe that the standardized technologies,
such as SBML, SBW, and SBGN, play an important role
in the software platform of systems biology. As one such
approach, we have developed CellDesigner (Funahashi et
al. 2003), a process diagram editor for gene-regulatory and
biochemical networks.

In the following, we will introduce the main features
of CellDesigner.

2 FEATURES OF CELLDESIGNER

Broadly classified, the current version (3.2) of CellDesigner
has the following features:

Representation of biochemical semantics;
Detailed description of state transition of proteins;
SBML compliant (SBML Level-1 and Level-2);
Integration with SBW-enabled simulation/analysis
modules;

e Integration with native simulation library (SBML
ODE Solver);

Capability of database connections;

Extreme portability as a Java application.

The aim in developing CellDesigner is to supply a
process diagram editor with the standardized technology
(SBML in this case) for every computing platform, so
that it could confer benefits to as many users as possible.
By using the standardized technology, the model could be
easily used with other applications, thereby reducing the
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cost to create a specific model from scratch. The main
standardized features that CellDesigner supports could be
summarized as “graphical notation”, “model description”,
and “application integration environment.” The standard for
graphical notation plays an important role for efficient and
accurate dissemination of knowledge (Kitano et al. 2005),
and the standard for model description will enhance the
portability of models between software tools. Similarly,
the standard for application integration environment will
help software developers to provide the ability for their
applications to communicate with other tools.

2.1 Symbols and Expressions

CellDesigner supports graphical notation and listing of
symbols based on a proposal by Kitano et al. (2005).
The definition of graphical notation has now been de-
veloped as international-community-based activities called
Systems Biology Graphical Notation (SBGN, <http:
//sbgn.org>). Although several graphical notation sys-
tems have been already proposed (Kohn 1999, Kohn 2001,
Pirson et al. 2000, Cook et al. 2001, Maimon 2001), each
has obstacles to becoming a standard. SBGN is proposed
for biological networks designed to express sufficient infor-
mation in a clearly visible and unambiguous way (Kitano et
al. 2005). We expect that these features will become part of
the standardized technology for systems biology. The key
components of SBGN, which we propose, are as follows:

1. Toallow representation of diverse biological objects
and interactions,

2. To be semantically and visually unambiguous,

3. To be able to incorporate notations,

4. To allow software tools to convert a graphically
represented model into mathematical formulas for
analysis and simulation,

5. To have software support to draw diagrams, and

6. The notation scheme to be freely available.

To accomplish the above requirements for the nota-
tion, Kitano et al. (2005) first decided to define a notation
by using a process diagram, which graphically represents
state transitions of the molecules involved. In the process
diagram representation, each node represents the state of
the molecule and complex, and each arrow represents state
transitions among the states of a molecule. In the con-
ventional entity-relationship diagrams, an arrow generally
means activation of the molecule. However, it confuses the
semantics of the diagram as well as limits possible molecular
processes that could be represented. A process diagram is
a more intuitively understandable definition than the entity-
relationship diagram. One of the reasons is that the process
diagram could be explicitly represented as a temporal se-
quence of events whereas entity-relationship cannot. For

1708

example, a process of MPF factor activation in cell cycle,
kinase such as Weel phosphorylates residues of Cdc2 that
is one of the components of MPF (Figure 1). However,
MPF is not yet activated by this phosphorylation. If we use
an arrow for activation, we cannot properly represent the
case. In the process diagram, on the other hand, whether
a molecule is active or not is represented as a state of the
node, instead of an arrow symbol for activation. Promoting
and inhibition of catalysis are represented as a modifier of
state transition using a circle-headed line and a bar-headed
line, respectively.

Figure 1: A Process Diagram Representation of MPF Cycle

While a process diagram is suitable for representing
temporal sequences, either a process diagram or entity-
relationship approach could be used, depending upon the
purpose of the diagram. Both notations could actually
maintain compatible information internally, but differ in
visualization (Kitano et al. 2005). We propose, as a basis
of SBGN, a set of notations that enhances the formality
and richness of the information represented. The symbols
used to represent molecules and interactions are shown in
Figure 2.

The goal of SBGN is to define a comprehensive system
of notation for visually describing biological networks and
processes, thereby contributing to the eventual formation
of a standard notation. For such a graphical notation to
be practical and to be accepted by the community, it is
essential that software tools and data resources be made
available. Even if the proposed notation system satisfies
the requirements of biologists, lack of software support will
drastically decrease its advantages. CellDesigner currently
supports most of the process diagram notation proposed,
and will fully implement the notation in the near future
(Figure 3).
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Figure 2: Proposed Set of Symbols for Representing Bio-
logical Networks with Process Diagrams
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2.2 SBML Compliant

CellDesigner is an SBML-compliant application. It sup-
ports SBML reading and writing capabilities. SBML is
a tool-neutral, computer-readable format for representing
models of biochemical reaction networks, applicable to
metabolic networks, cell-signaling pathways, gene regula-
tory networks, and other modeling problems in systems
biology. SBML is based on XML (eXtensible Markup Lan-
guage), a simple, flexible text format for exchanging a wide
variety of data. The initial version of the specification was
released on March 2001 as SBML Level-1. The most recent
released version of SBML is Level-2 Version 1, and Level-2
Version 2 will be released soon (as of January 2006). Cur-
rently, SBML is supported by over 100 software systems
and widely used. CellDesigner uses SBML as its native
model description language, and thus once a user create a
model by CellDesigner, all information inside the model
will be stored in SBML and the model could be used by
other software systems without any conversion of the model.
As mentioned, CellDesigner draws a pathway with its spe-
cialized graphical notation. Since such layout information
has not been supported by SBML, CellDesigner stores its
layout information under an annotation tag, which does not
conflict with the current SBML specification. There is a
working group of layout extension for SBML, and will be
incorporated to SBML Level-3. We are currently under-
way to implement a conversion module to export SBML
layout extension from CellDesigner. CellDesigner has an
auto layout function so that it could read all SBML Level-1
and Level-2 documents whether the model contains layout
information or not. By using this function, users could use
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Figure 3: Screenshot of CellDesigner

existing SBML models such as KEGG, BioModels database,
etc. We have converted more than 12,000 metabolic path-
ways of KEGG to SBML (the pathways are available
from <http://systems-biology.org/>). Other
SBML models are available from the BioModels Database
(<http://www.ebi.ac.uk/biomodels/>). We
could also use our own SBML models created by CellDe-
signer on other SBML compliant applications (<http:
//systems-biology.org/001/>).

2.3 SBW Enabled

CellDesigner is an SBW-enabled application. With SBW in-
stalled, CellDesigner could integrate all SBW-enabled mod-
ules (Figure 4). For example, users could browse or modify
a model converted from an existing database with CellDe-
signer, and launch a simulator from CellDesigner (by select-
ing Simulation Service or Jarnac Simulation Service from
the SBW menu) to run simulations in real time. There are
many other SBW-enabled modules, such as ODE (ordinary
differential equation)-based simulator, stochastic simulator,
MATLAB, FORTRAN translator, bifurcation analysis tool,
and optimization module. These SBW-enabled modules are
freely available from <http://sbw.kgi.edu/>.

2.4 Simulation Capability

One of our aims is to use CellDesigner as a simulation
platform, and thus integration capability with native simu-
lation library has been implemented. SBML ODE Solver
(Machné et al. 2006) could be invoked directly from
CellDesigner, which enables us to run ODE-based sim-
ulations. The SBML ODE Solver Library (SOSIib) is a
programming library for symbolic and numerical analysis
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Figure 4: Illustration of the Relationship Between SBW
Broker and SBW Modules

of chemical reaction network models encoded in SBML. It
is written in ISO C and distributed under the open source
LGPL license. SBML ODE Solver can read SBML models
by using 1libSBML (Hucka et al. 2004) and then con-
struct a set of ODEs and their Jacobian matrix, and so
forth. SBML ODE Solver uses SUNDIALS CVODES
(<http://www.llnl.gov/CASC/sundials/>) for
numerical integration and sensitivity analysis. The perfor-
mance of the simulation engine is a critical issue for a
simulation platform, so we have wrapped the C API of
SBML ODE Solver from Java by using JNI (Java Native
Interface). This resulted in small overhead of simulation
execution time compared with the native library, and still
remain the broad support of multiple OSs. The simulation
engine itself is executed by the native library, and the results
are shown in a GUI window written in Java (Figure 5). The
simulation results can be exported to CVS, JPEG, PNG
format, and various bitmap files.
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Figure 5: Snapshot of a Simulation Result Obtained by
Integration with SBML ODE Solver
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2.5 Database Connection Capability

To efficiently conduct network analysis, connection with
databases is significant, because users may want to further
examine network characteristics. We have added this capa-
bility, enabling direct connection with following databases:

BioModels (Database of annotated computational
models, <http://www.biomodels.net/>)
SGD (Saccharomyces Genome Database, <http:
//www.yeastgenome.org>)

DBGET (Database retrieval system for a diverse
range of molecular biology databases, <http:
//www.genome.ad. jp/dbget/>)

iHOP (Information Hyperlinked Over Proteins,
<http://www.ihop-net.org/UniPub/
1HOP/>)

PubMed (<http://www.pubmed.gov>)
Entrez Gene (<http://www.ncbi.nlm.
nih.gov/entrez/query.fcgi?db=
gene>)

Once a species is selected, users could select the
Database menu, from which the database could be cho-
sen to query according to the name of the species. For a
PubMed connection, a PubMed search is conducted accord-
ing to the ID written in the Notes of the components. From
the BioModels database, users could import (and not query)
SBML-based models those curated computational models
prepared for simulations or further various analyses.

3 UNIQUE CELLDESIGNER ASPECTS

Currently, many other applications exist that include pathway
design features. The advantages of CellDesigner over other
pathway design tools could be summarized as follows:

Based on standard technology (i.e., SBML com-
pliant and SBW enabled);

Supports clearly expressive and unambiguous
graphical notation systems (SBGN), which is aimed
at contributing to eventual standard formation;
Runs on many platforms (e.g., Windows, MacOS
X, Linux).

As described above, the aim of the development of
CellDesigner is to supply a process diagram editor with
standardized technology for every computing platform, so
that it will benefit as many biological researchers as possible.
Some of the existing applications are SBML-compliant, and
some run on multiple platforms. These tools are powerful
in some aspects and they are not intended to support the
features as CellDesigner. Some of them have the facility
to create pathways, and some also include a simulation



Funahashi, Matsuoka, Jouraku, Kikuchi, and Kitano

engine or database integration module. CellDesigner does
include a simulation engine provided by the SBML ODE
Solver development team, and also it could connect to other
SBW-enabled applications so that the user could switch the
simulation engine on the fly. Furthermore, we have been
converting existing databases to SBML (e.g., KEGG), and
one can easily browse all SBML-compliant applications,
edit the models, and even simulation via CellDesigner.

The overriding advantage of CellDesigner is that it
uses open and standard technologies. The models created
by CellDesigner could be used on many other (over 100)
SBML-compliant applications, and its graphical notation
system will make the representation of models in a more
efficient and accurate manner.

4 FUTURE WORK

In a future release of CellDesigner, we plan to implement
further capabilities. Improvement of auto layout function is
abigissue. The bigger (e.g., more than a few hundred nodes)
the network diagram becomes, the slower the performance
of CellDesigner becomes, which causes our current version
not to align nodes and edges quite well. Integration with
other modules is also underway, such as other simulation,
analysis, and database modules. The current version of
CellDesigner has been implemented as a Java application,
while we are developing a JWS (Java Web Start) version
of CellDesigner so that it could be used as a web-based
application as well.

To be widely used from biologists to theorists, we be-
lieve that it is essential to meet the standard. We are thus
actively working as SBML and SBGN working group mem-
bers, which aims to establish de facto standards in systems
biology field; the former one seems to have already become
de facto as model description language. SBML Level-3
(next version) will include layout extension, and we will
incorporate the functions in our new release of CellDesigner.
BioPAX (<http://www.biopax.org>) is another big
activity, which tries to connect widely distributed data re-
sources seamlessly. We also plan to connect CellDesigner
with the BioPAX data format so that users could use CellDe-
signer from BioPAX platform and vice versa.

From software development perspectives, providing
API, plug-in interface, or open source strategy might be
a solution to speed up the development, and enable users to
customize the software depending on users needs. While we
have been providing a binary program of CellDesigner so
far, we are now working to extend our development scheme
in such manner.

We wish CellDesigner to be used by anyone who is
working in a biology-related field. As described throughout
this manuscript, CellDesigner is designed to be user-friendly
as much as possible, thus allowing users to draw pathway
diagrams as easily as drawing with other drawing tools, such
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as Microsoft Visio or Adobe Illustrator. Since our proposed
notation itself is rigidly defined, the diagrams could be
used for presentation or even for knowledge base. The
diagrams could be used as figures in manuscript, or pathway
representation of databases. Since definition of the pathway
diagram notation is now getting much attention (which
has resulted to form an SBGN working group (<http:
//sbgn.org>), we hope the notation will be much refined
as a de facto standard representation, which will be reflected
in the representation manner of CellDesigner as well.

Our concept for developing CellDesigner is “easy to
create a model, to run a simulation, and to use analysis
tools”. This will be achieved by extending the development
of corresponding native libraries or SBW-enabled modules.
Improvement of the graphical-user interface is also required,
including the mathematical equation editor, so that the user
could easily write equations by selecting and dragging a
species.

5 CONCLUSIONS

We have introduced CellDesigner, a process diagram editor
for gene-regulatory and biochemical networks based on
standardized technologies and with wide transportability
to other SBML-compliant applications and SBW-enabled
modules. Since the first release of CellDesigner, 12,000
downloads has been already accomplished. CellDesigner
also aims to support standard graphical notation. Since the
standardization process is still underway, our technologies
are still changing and evolving. As we are in partnership
with the SBML, SBW, and SBGN working groups, we will
go through with these standardization projects and hence
improve the quality of CellDesigner.

The current version of CellDesigner is 3.2-RELEASE,
and runs on multiple platforms such as Windows, Linux,
and MacOS X, and is freely available from <http://
celldesigner.org/>.
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