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ABSTRACT

Summary: We describe the JigCell Model Builder (JCMB), a
tool for creating biochemical reaction network models. JCMB
is designed for ease of use and its interface uses the standard
spreadsheet metaphor. The JigCell Run Manager (JCRM) is
a tool for organizing the large collections of simulation runs
typically required by reaction network modeling activities.
Availability: JCMB and JCRM are part of the JigCell suite
available at http://jigcell.biol.vt.edu

Contact: shaffer@cs.vt.edu

JCMB IMPLEMENTATION

Fundamental activities for modelers of biochemical reaction
networksareto createamodel, edit themodel and executesim-
ulations of the model. We describe two tools for doing these
tasks: the JigCell Model Builder (JCMB) and the JigCell Run
Manager (JCRM). Both use a standard spreadsheet metaphor
for their user interface. Spreadsheets are familiar to typical
users of the system and match their mental model for bio-
chemical reaction networks. Spreadsheetsareefficientintheir
use of screen space and provide information in a compact
form. Our implementations scalewell with model size. JCMB
has been tested and found to be reasonably efficient with
models containing hundreds of reactions, far larger than any
hand-generated models currently in use.

JCMB users define models as a set of reaction equations
(Fig. 1). Model definitions are saved in the Systems Biology
Markup Language (SBML) (Hucka et al., 2003). A design
goal of JCMB isto reduce the number of errorsin the mod-
eling process. The spreadsheet interface allows modelers to
visualize the entirety of many current models on one screen,
and to express modelsin the language of the domain. Model-
ers can see and specify a chemical equation, its associated
rate law and constants on the same line.

When models are built by hand, the user types in the
reaction equations while frequently consulting a wiring dia-
gram. This process is error prone for many reasons. Typos
and copy-paste mistakes are inevitable because of the tedium
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and repetitiveness of the process. Other common errors
are incorrectly specifying the reaction rate law, leaving off
terms from the right-hand side of the fundamental equa
tion and incorrectly applying conservation conditions. If a
conservation condition is overlooked, then the set of differ-
ential equations contains redundancies, and round-off errors
in simulations can lead to violations of mass conservation.
More seriously, modelers may mistakenly identify conserva
tion conditions, which lead to differential equations that
areincorrect.

JCMB attempts to reduce these errors by adopting a
reaction-centered approach that separates a reaction from its
rate law specification. This allows the computer to apply the
specified ratelaw to discover thevelocity for aparticular reac-
tion, which is then shown to the user in a separate column.
Errors are shown to users by coloring inconsistent cells
in orange.

Output formats. Thenativefileformat of JCMB isSBML.
JCMB aso supports other output formats: xpp for the sim-
ulation engines XPPAUT (Ermentrout, 2002) and WinPP,
Fortran90 for use with LSODAR (Hindmarsh, 1980) and
tab-delimited text.

JCRM IMPLEMENTATION

JCRM organizes related simulation specifications into a col-
lection. A single simulation specification can be run to view
the output of a model or for matching against a biological
experiment. The purpose of acollectionisto organizeinform-
ation stored by the biologist in many different filesand in his
or her head. Storing simulation run settings in multiple files
allows for changes that make the specification inconsistent
or invalid. JCRM seeks to prevent that problem.

JCMB stores specifications in sets. These sets can be
derived from other sets, forming atree. This allows a set to
inherit changes in parameters and initial conditions, avoid-
ing repeated entry. Inheritance is defined in a column called
‘deri ved froni,whichalowsausertoseeat aglancethe
relationships between sets.

To specify asimulation run, the user must provide amodel,
a parameter set, an initial condition set and a simulator
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# | Feaction | Mame |
1 ->yiB

2 CwiB-»

3 CywiB+ Ckl-=MPFa

4 i PFa- = MPFi

3 M PFi->MPFa

i} Cdc2Sp->Cdez2s

i Cdc25-»>Cdc2sp

8 Weel->Weelp

a Weelp->ieel

10 Csoma-=Csomi

11 Csomi-»Csoma

12 MPFa->Cdikl

13 MPFi->Cdlk1

14 b
15 Cyrlosome

Type
Mass Action

Mass Action

Mass Action

Mass Action

Mass Action
Michaelis-Menten
Michaelis-Menten
Michaelis-Menten
Michaelis-Menten
Michaelis-Menten
Michaelis-Menten
Mass Actian

Mass Actian
Function

Species

Equation
k1
Cvilosome* CwiB
k3*CyweB* Colle 1
ko, Wee Lo, koo, Wee 13*MPFa
Yikop, Cdc25p, kopp, Cdc25* MPF
(k25r*Cde2Sp* 1)/ {125+ Cdc25m
(k25 Cde2 5 MPFa+eps 1)),/ (|2 57+ Cdc2 5y
{loweef*Weel* (MPFa+eps 2/ (weef+ Weae 1)
{loweerWee lp* 13/ (weer+ Wea 1)
(ko Ceoma® 1 fdlcwr+ Csoma)
(ko Csomi®(MPFa+eps 230/ oyf+ Csami
Cytlosome*MPFa
Cyrlasome*MPFi
ALTAZ AT AL
YikZp, Csami, k2 pp, Csoma)

Parameters
ki=kl
kf=Cyilosome
Ki=kz

Ff =% ko, Wee L, kwipp, Wee 1y
kf=%ikcp, Cdo25p, kopp, Cdo2 5)
M1=1; [1=]25r; kl=k25%r
M1=MPFa+epsl; |1=]251, kl=k25T
M1l=mMPFa+epsz; |1=weef, kl=Ilweaaf
M1l=1; |1=]weer, kl=kweer

M1l=1; |[1=]oyr, kl=kowr
M1=MPFa+eps3; J1=]ouf; Kl=kwf
kf=Cvelosome

kf=Cvelosome

k2pp=k2pp; k2p=k2p

Fig. 1. Frog egg extract model in JCMB.

configuration. The model must be in the SBML format.
JCRM lets the user specify parameters, initial conditions and
the simulation configuration. JCRM automatically discovers
potential simulator configuration values by sending at runtime
a network query asking for all simulators currently available
to JCRM within the JigCell system. The list of available sim-
ulators and their associated parameters are then presented
to the user.

Once auser is satisfied with their run settings, he or she can
make arun by clickingthe*Plot’ button. User may choosethe
species to plot against the time axis. To see a detailed view
of the data, user clicksonthe‘View’ button to view atable of
the simulation points.

DISCUSSION

JCMB and JCRM are used as a part of the JigCell problem
solving environment, a component of the DARPA BioSPICE
project. Each application can be used individualy. JCRM
can communicate directly with other BioSPICE components
through theuse of an OAA interface. The softwareiswrittenin
Javaand supported platformsat thistime are Windows, Linux
and Solaris. Models of the cell cycle in fission yeast, bud-
ding yeast and frog eggs have been entered into JCMB. Runs

matching experiments on budding yeast and frog eggs have
been entered into JCRM. Figure 1 shows a current version of
afrog egg extract model in JCMB.
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