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Figure 1: On the right we show the representation of a plasmid having three genes: lacZ, cI and
tetR. The genetic product of each of these genes is able to inhibit the expression of one of the others
resulting in a maintained oscillating expression. This kind of dynamics can be studied with ByoDyn
On the left we show the steady state of the simulation a matrix of 49 cell under the process of lateral
inhibition: multicellular systems can also be studied with ByoDyn .

1 Background

ByoDyn is a tool for simulating the dynamical expression of gene regulatory net-
works (GRNs) and for parameter estimation in uni- and multicellular models (Fig-
ure 1). The program is based on building systems of ordinary differential equations
(ODEs) representing the kinetic laws underlying a given proposed verbal model.
The mathematical terms of the ODEs are built by an intuitive translation of the
known or inferred biochemical details of the interactions. Thus, ByoDyn uses a
library of so-called affectors (von Dassow et al. 2000) that converts biochemical
interactions into mathematical terms of ODEs. In addition, the program uses op-
timization techniques to find and characterize the parameter values that make the
model reproduce wet-lab experiments.

2 INTRODUCTION

The general framework underlying ByoDyn provides an ability to test different
biological models in an easy manner, one that we are striving to make increasingly
automatic. Toward this end, the idea of my stay at the Control and Dynamical
Systems of the California Institute of Technology was to make our software sup-
port describing GRNs in the Systems Biology Markup Language (SBML) format,
a computer format for representing and storing computational models of biochem-
ical pathways. SBML (Hucka et al. 2003) has become the de facto format for
software tools and databases in the international community of computational sys-
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tems biology. Supporting this format gives ByoDyn a wide range of possibilities
to study the dynamical properties of multiple regulatory pathways. This will enable
us to compare our tool with others, withdraw information from model databases,
and interchange models with other complementary tools.

3 METHODS

In order to accomplish the task of making ByoDyn able to read and write SBML,
we based our work in a library called libSBML. Although ByoDynwas using (and
still is one of the possibilities) Octave (Eaton 2002) for solving the ODEs, the fact
of opening ByoDyn to a great range of biological models, from GRNs to metabolic
pathways, forces us to solve systems of ODEs in a clean and fast way.

So, instead of calling externally Octave, which lowers the performance of the
program, we implemented a straightforward way of calling to SciPy (Jones et al.),
an open source library for scientific computations with Python.

3.1 libSBML

libSBML is a library designed to read, write, manipulate, translate, and validate
SBML files and data streams. This library can be called from different program-
ming languages as C, C++, Java, Python, Perl, Lisp and Matlab. The Python
binding is used in ByoDyn. Thanks to this library we do not need to read by
ourselves each of the lines of a SBML input file. By calling the different func-
tions of the library we obtain all the data necessary for the simulation: the nodes,
the compartments and the topology. We also validate the SBML file checking the
self-consistency of the model, the referential integrity and adherence to the SBML
specifications. Although the program is working directly with SBML level 2 ver-
sion 1, ByoDyn can also input files of SBML level 1 version 1 and SBML level 1
version 2 by translating them to SBML level 2 version 1.

3.2 SciPy

SciPy, the module odeint from integrate is used to numerically integrate the
ODEs. It is based on the Fortran routine lsode (Radhakrishnan and Hindmarsh
1993). By using directly this library for solving the ODEs instead of calling exter-
nally Octave, we save around 50 % of time on this step, the current bottle neck of
the program.

4 RESULTS

The main result has been accomplished, that is the fact that ByoDyn can now
work with SBML files. From this point, SBML is the preferable format for the
model of study: we benefit from the fact that we are using an standard format to
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Figure 2: Upper Figure: Schematic flow of ByoDyn. Given an input model in SBML the program
is able to integrate the system of ODEs and run a simulation plotting the results. Also, if expression
data along time is available, ByoDyn is able to find the distribution of parameters that reproduce the
experimental results using genetic algorithms for solving the inverse problem.

share, compare or publish the models. The possibilities offered by ByoDyn are
represented on Figure 2.

The parser, of around 300 lines is highly independent of the rest of the pro-
gram. It has been coded in a clean and organized way so other programmers
can work from this point, reusing the code, not from scratch. The module called
sbml_worker is a single file. It has three functions, named parser, reading
and sbml_writer:

� parser is responsible of the location of the input file. It first determines if
the file is a SBML file and if that is the case it validates it. Then the version
of the SBML is checked, if is not level 2 version 1, is translated into it.
Finally an object called model is created from the class ClassModel. The
attributes of this class are system_name, xlength, ywidth, nodes,
topology, initial_conditions and parameters, necessary and
sufficient for the definition of the model.
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� reading is a function that withdraws the information from the structure
created by parser and incorporates the information in the correct format
to the attributes of model.

� sbml_writer is a function that takes as arguments a model and a file. It
writes the model into the file. This function is necessary, for example, when
the optimization routines find a solution for the parameter estimation. The
solution, instead of storing the values of the parameters into a file, is stored
as an entire valid SBML file with all the features. This way is straightforward
to run a simulation with the new file, share it with another SBML compatible
tool (graphical visualization, comparing the results of the simulation with an
external tool, etc) or publishing it on a database or publication.

4.1 Case study

All this new features were tested on a real model. BioModels (BioModels-team
2005), is a database of curated quantitative models of relevant issues of computa-
tional biology. All these models have been described in peer-review publications
and are stored on SBML format. We are currently interested on gene regulation
and we wanted a relatively small model in order to test all the features of ByoDyn
in a short time. For these reasons we chose the repressilator (Elowitz and Leibler
2000).

The repressilator is a synthetic construct of three genes where the expression
of one of them results on the inhibition of itself and the activation of one of the
others. This network is transformed in a system of ODEs (Figure 1 on the right
and Figure 3).

This system is dynamically very interesting as it shows a maintain oscillating
behavior along time (Figure 4).

In order to test the modules of ByoDyn for the parameter estimation we se-
lected 30 points of the simulation (Figure 4). We chose 10 time points homoge-
neously distributed along the time simulation, evaluating each of the three genes at
each of the time points. The fitness function we are minimizing is the summatory
of the Euclidean distances between the fitting data and the simulation. The param-
eters we allow to variate are � ,

�
and � . Setting a threshold for the fitness function

of a 0.05 of the maximal concentration. Figure 5 shows the distribution of 8000
solutions for each of the parameters. This optimization last for 96 hours at 16 PCs.

Although is out of scope of this report, this distribution of parameters result
very informative about the network properties of the system. A detail and deep
interpretation is needed, but as a first approximation we observe that the network
displays a different sensitivity for each of the parameters.

�
is the less restricted

parameter implying the low importance for the complete network behavior. � has
a well defined distribution, very close to a Gaussian distribution. Exploring larger
windows of values will theoretically yield Gaussian distributions. Finally, � has a
very narrow distribution. This is because � is an exponent and a small change on
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Figure 3: Top figure: Graphical network of interactions of the repressilator network. This network
is transformed by ByoDyn into a system of ODEs shown in the bottom figure.
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Figure 4: Above figure: The program is able to integrate the system of ODEs and run a simulation
plotting the results along time.
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Figure 5: Distribution of the valid values for each of the parameters of the system: � , top;
�

,
middle and � , bottom.
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it represents a big change on the monitoring variable.
Statistical analysis of these results will give us insights of the system properties.

5 FUTURE WORK

Several implementation need to be done for a greater support of SBML by ByoDyn

� First of all a complete validation of the parser will be achieved if a complete
database, as BioModels, is tested using ByoDyn .

� Second, specific features as Rules or Events are still not supported by
ByoDyn . As a great number of models incorporate these features, we un-
derstand it is crucial to enable ByoDyn to deal with them.

� Third, is the establishment of multicellular models in SBML. This is quite
challenging, and some proposals are already under study.
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