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1. Introduction

Systems biology is the study of the mechanisms underlying complex biological
processes as integrated systems of many, diverse, interacting components. Systems
biology involves (1) collection of large sets of experimental data (by high-throughput
technologies and/or by mining the literature of reductionist molecular biology and
biochemistry), (2) proposal of mathematical models that might account for at least
some significant aspects of this data set, (3) accurate computer solution of the
mathematical equations to obtain numerical predictions, and (4) assessment of the
quality of the model by comparing numerical simulations with the experimental data.
(http://jigeell.biol.vt.edu/glossary.html)

With the enormous growth of life science research it is clear that tools are needed to
store and analyze the large amount of experimental data, to build, simulate and
analyze mathematical models, and to visualize data and system dynamics. The
Defense Advanced Research Projects Agency (DARPA) Bio-Computation
(BioCOMP) Program was established to provide the system biology community with
a tool, a computing environment called Bio-SPICE (Biological Simulation Program
for Intra- and Inter-Cell Evaluation), to carry out data collection, model development
and computer simulation.

To examine the current state of the Bio-SPICE system, we proposed to perform a
usability study of several simulators/editors. Our goal was to examine the usability of
specific editors/simulators and the interoperability of the various tools. A second goal
was to develop a tutorial for first-time users of Bio-SPICE, and provide a Getting
Started manual which will illustrate a use case on how to develop, implement and
simulate a model with Bio-SPICE.

1.1 The Bio-SPICE Project

The Bio-SPICE project was started as part of the Bio-Computation program, funded
by DARPA. The goal was to develop a computational framework that enables the
construction of sophisticated models of intracellular processes that can be used to
predict and control the behavior of living cells. In addition, Bio-SPICE is also being
examined to generate new computational paradigms and engineering applications
that utilize bio-molecules as an information processing, sensing, or structural
components (http://www.darpa.mil/ipto/programs/biocomp/index.htm).

The Bio-SPICE web site https://biospice.org/index.php provides information and
software downloads to the Bio-SPICE community. In order to download software
from the web site, you must join and become a Bio-SPICE member. A second
source for the Bio-SPICE project is on SourceForge.net,
http://sourceforge.net/projects/biospice. The latest version of the Dashboard can be




downloaded from SourceForge.net without the need to register as a Bio-SPICE user
as on the official Bio-SPICE web site. This reflects the transition from a DARPA
funded program to a truly open source environment to fulfill the desire to see Bio-
SPICE continue to mature and evolve long after the DARPA funding has ended.

1.1.1 The Bio-SPICE tool kit

The Bio-SPICE tool kit is comprised of the Dashboard and a range of tools.

e Dashboard: GUI application to create and run workflows.

e Data analysis tools: Tools to mine the data

e Database tools: The large amount of data that experiments produce needs to be
stored and mined.

e Model analysis tools: A model can provide information through various means of
analysis, e.g., bifurcation, parameter sensitivity.

e Model composition & visualization tools: In order to construct a model, tools are
provided for model composition, as well as visualization.

e Simulator tools: Models need to be solved using various types of simulators,
continuous ODE simulators or stochastic simulators.

1.1.2 System Biology Markup Language

The Bio-SPICE project chose the System Biology Markup Language (SBML) as a
language of exchange between the different tools. SBML is a computer-readable
format for representing models of biochemical reaction networks. For example,
SBML is applicable to metabolic networks, cell-signaling pathways and regulatory
networks. For further details see the web site http://sbml.org/index.psp.

1.2 Modeling

There are several methods of modeling system biology, in particular cellular
processes and biochemical interactions. Quantitative modeling is usually carried out
with ordinary differential equations (ODESs), which represent system variables that
change as nonlinear functions of other variables and/or parameters. To describe
mass action of biochemical reactions, equations may be written in stochiometric
form. There are two general types of solvers for quantitative models, stochastic and
deterministic. When small populations of molecules are considered, stochastic
modeling is more appropriate since molecular fluctuations may alter the dynamics.
With large population sizes, deterministic modeling will be computationally faster as
stochastic modeling of large populations is computationally time intensive and
should produce results similar to an ODE model.



1.2.1 Stochastic

Stochastic solvers use the Gillespie algorithm or a variant of it. Basically, all possible
reactions are examined and the reaction with the shortest time interval is
“scheduled”. The executed reaction will affect the population of molecules and
thereby other reactions. Therefore certain reaction times must be recalculated, and
again, the shortest time interval reaction is scheduled. This algorithm was shown to
describe the time evolution of a chemical system.

1.2.2 Deterministic

Deterministic solvers use a variety of algorithms to compute the value of the
variables in a model. At each time step, all variables are calculated based on either
only previous values (explicit methods) or incorporating estimates of the next value
(implicit methods). Some of the more known algorithms are forward and backward
Euler methods (explicit and implicit respectively), Runge Kutta, Gear, CVODE, and
Crank-Nicolson. The algorithms differ in terms of ease of use (e.g., explicit methods
requiring only initial conditions, implicit methods require estimations of variable
values), speed of computation (how many function calls per time step) and accuracy
especially important in cases of stiff systems.

1.2.3 Use Case Models
Five models were used to evaluate tools of the Bio-SPICE project:

e Circadian rhythm, mRNA transcription and protein phosphorylation
(Smolen P et al, J Neurosci, 21:6644-6656, 2001)
14 ODEs; 20 mass action reactions.

e Circadian rhythm Il, mRNA transcription and protein phosphorylation
95 ODEs; 100 mass action reactions.

» Cell division cycle, cdc2 and cyclin interactions
(Tyson J, PNAS, 88:7328-7332, 1991)
6 ODEs; 14 reaction equations.

* Allosteric model for glycolytic oscillations
(Goldbeter A & Lefever R, Biophys J, 12:1302-1315, 1972)
2 ODEs (minimal model)

* Memory induction
(Pettigrew D et al, J Comp Neurosci, 18:163-181, 2005)
16 ODEs; 39 reaction equations.

Five models were used in our present study, a circadian rhythm model (M1), a
second version (M2) of the circadian model which contained a 5-fold increase in
the number of equations, a cell division cycle model (M3), an allosteric model for
glycolytic oscillations (M4) and a memory induction model (M5).



The circadian rhythm model (M1) corresponds to the oscillations in the levels of
core gene expression. Over a period of 24 hours the mRNA level oscillates.

The cell division cycle model (M3) describes the interaction of the proteins cyclin
and cdc. The model for certain parameter regime showed limit cycle solutions.

The allosteric model for glycolytic oscillations (M4) is a reduced model, of two
ODEs, and showed oscillations of substrate and product concentrations.

The memory induction model (M5) represents short-, intermediate-, and long-
term phases of protein kinase A (PKA) activation. For a stimulus above
threshold, the model describes the time course of PKA activation which
correlates with the three phases of memory.

The above models were used to examine the Dashboard and seven applications
of the Bio-SPICE project: BioSpreadSheet with ESS, BioSketchPad with Charon,
JigCell, SBW Jarnac and JDesigner, BioNets, Simpathica and Pathway Builder.
The goal was to simulate the models with each tool, graph the resulting time
course, and convert the model to SBML, to compare usability and
interoperability.

1.3 Bio-SPICE Tools: Simulators and Editors

To examine the current state of the Bio-SPICE system, we performed a usability
study of the Bio-SPICE Dashboard and seven simulators/editors:
BioSketchPad/Charon, BioSpreadSheet, Jarnac/JDesigner, JigCell, Simpathica,
BioNetS and Pathway Builder. Our goal was to examine the usability of each
simulator, both independently and within the Dashboard, and the interoperability of
the various tools, using SBML as a language of exchange between the different
applications. Most tools provide a model builder component and a simulator
component. The model builder components varied from providing a scripting-like
language, a tabular editor to a graphical user interface (GUI). Four simulator
components use deterministic solver algorithms (e.g., LSODE, Runge Kautta,
Backward Euler, etc) and two stochastic solvers use the Gillespie algorithm or an
optimized varient. We examined the six simulators with four models that produce
oscillatory behavior or time course of a long duration.

Due to the complex nonlinear equations of the memory induction model, only
general solvers were tested. The simulators Jarnac and JigCell are general solvers
that can resolve any type of nonlinear equation (excluding delayed equations). On
the other hand, BioSketchPad, BioSpreadSheet and JDesigner are stoichiometric
solvers that can only solve equations in the form of mass action equations. If a
model contains a complex nonlinear equation, it might be very difficult to convert the



equation to a stoichiometric form and therefore a general solver may be more
adaptable. A table presenting a comparison of the different simulators and their
performance in solving the various models is provided in Appendix A.

We examined seven simulators/editors of the Bio-SPICE project both independently
and as part of the Dashboard for capability, graphic functionality, usability and
interoperability. The results are presented in Appendix A.

In order to test the model building component of each tool, which varies from using a
script-like language (Jarnac), tabular editor (Simpathica, BioNetS, JigCell,
BioSpreadSheet) and a GUI (BioSketchPad, JDesigner, Pathway Builder), we
implemented four models (M1, M3, M4, M5; M2 is M1 scaled to 100 equations) in all
six simulators (non-stochiometric models M4 and M5 were only tested with general
solvers, Jarnac and JigCell).

The solvers were used to simulate the models. We tested performance at various
time steps and examined scalability. The results are presented in Appendix A.
Briefly, Charon was found too slow for the models we tested. Of the three stochastic
solvers, BioNetS was the fastest. Jarnac and JigCell are general solvers, which were
simple to use, although Jarnac requires programming. The lack of full interoperability
between the solvers makes it difficult to use the most appropriate tool for model
implementation and simulation.

The Dashboard was used with two of the simulator analyzers, BioSpreadsheet/ESS
and Jarnac. The execution time for the models using the Dashboard was faster for
Jarnac, while slower with BioSpreadsheet/ESS. As of this publication, there is no
component to provide input to a model, which is needed for model M5, and therefore
this model could not be properly simulated with the Dashboard.

1.4 Tutorial and Use Case Documentation

The BioCOMP Program sought to provide the system biology community with a tool,

a computing environment called Bio-SPICE, to carry out data collection, model

development and computer simulation. In order to assist new users to Bio-SPICE, a

tutorial manual (see Appendix C) has been written that provides a step-by-step

guide to installing Bio-SPICE, developing a model and running a simulation. The

tutorial provides screen shot images showing the user what their screen should look

like as they follow the instructions. The manual is divided into five chapters:

e Introduction to Bio-SPICE - provides an introduction to systems biology and an
overview of the Bio-SPICE toolkit.

e Getting Started - describes the step to download and install the Bio-SPICE
system.

e Model Editor - describes how to enter model equations with one of the editors,
BioSpreadsheet. A simple circadian rhythm model is presented as a use case.



e Using the Dashboard - describes how to construct a workflow and run a
simulation using the model developed in the previous chapter.
e Bio-SPICE Tools - provides a short description of the tools that exist in the Bio-
SPICE toolkit.
The goal of the tutorial manual is to provide first-time users with a step-by-step guide
to using the Bio-SPICE toolkit. The first step is to download the Bio-SPICE software
and registering with the Bio-SPICE community. Next, the user will need to download
specific applications that run with Bio-SPICE. The tutorial describes how to
implement a model using a Bio-SPICE editor. A model that describes circadian
rhythms (M1) is presented and the user is shown how to implement the model. The
tutorial then describes how to use the editor BioSpreadsheet and the stochastic
solver ESS. With the model implemented, the user is presented with the Bio-SPICE
Dashboard and learns how to install the analyzers they need in order to run a
simulation of the model. They are shown how to develop a workflow, run a
simulation and plot the time course of model variables.

2. Methods

One of the BioCOMP Program’s objectives was to provide the system biology
community with a tool, a computing environment called Bio-SPICE, to carry out data
collection, model development and computer simulation. To examine the current
state of the Bio-SPICE system, we performed a usability study of the Bio-SPICE
Dashboard and seven simulators/editors: BioSketchPad/Charon, BioSpreadSheet,
Jarnac/JDesigner, JigCell, Simpathica, BioNets and Pathway Builder. Our goal was
to examine the usability of each simulator, both independently and within the
Dashboard, and the interoperability of the various tools, using SBML as a language
of exchange between the different applications.

Five models were used in our present study, a circadian rhythm model (M1), M1
scaled to 100 equations (M2), a cell division cycle model (M3), an allosteric model
for glycolytic oscillations (M4) and a memory induction model (M5). The models
were used to examine the Dashboard and applications of the Bio-SPICE project.
We examined seven simulators/editors of the Bio-SPICE project both independently
and as part of the Dashboard for capability, graphic functionality, usability and
interoperability. In order to test the model building component of each tool, which
varies from using a script-like language (Jarnac), tabular editor (Simpathica,
BioNetS, JigCell, BioSpreadSheet) and a GUI (BioSketchPad, JDesigner, Pathway
Builder), we implemented four models (M1, M3, M4, M5; M2 is M1 scaled to 100
equations) in all six simulators (non-stochiometric models M4 and M5 were only
tested with general solvers, Jarnac and JigCell). The solvers were used to simulate
the models. We tested performance at various time steps and examined scalability.

The Dashboard was used with two of the simulator analyzers, BioSpreadsheet/ESS
and Jarnac. The execution time for the models using the Dashboard was faster for



Jarnac, while slower with BioSpreadsheet/ESS. There is no component to provide
input to a model, which is needed for model M5, and therefore this model could not
be properly simulated with the Dashboard.

2.1 Models

Five models were used to evaluate tools of the Bio-SPICE project, in terms of
usability and performance. The models consisted of ODEs, and three models were
converted to stochiometric form in order to evaluate tools that require such
equations.

2.1.1 Circadian Rhythm |

The circadian rhythm model (Smolen et. al., 2001) corresponds to the oscillations in
the levels of core gene expression. Our model uses a transcription factor (TF) which
undergoes multiple phosphorylation steps. Over the space of a day, TF protein
becomes fully phosphorylated and then degrades. This relieves TF repression so
that another "burst" of TF transcription can occur.
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R _k ImRNA]
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Figure 2.1. Circadian model (M1) ordinary differential equations.
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Figure 2.2. lllustration of circadian model.

2.1.2 Circadian Rhythm I

In order to evaluate scalability of the various simulators, a second version of the
circadian model was developed. The original circadian model contains 14 ODEs
which were converted to 20 mass action equations. The second version of the
circadian rhythm model was increased to 100 mass action equations by simply
adding more phosphorylation steps.
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Figure 2.3. Circadian model (M2) ODEs scaled to 100 mass action equations.

2.1.3 Cell Cycle Division

The cell division cycle model (Tyson, 1991) describes the interaction of the proteins
cyclin and cdc2 and the activation of maturation promoting factor, a heterodimer of
cyclin and cdc2. The model for certain parameter regime showed limit cycle
solutions. The model contains six ODEs and was converted to 14 stochiometric
(mass action) equations.
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2.1.4 Glycolytis Oscillations

The allosteric model (Goldbeter and Lefever, 1972) for glycolytic oscillations is a
reduced model, of 2 ODEs, using a quasi-steady-state hypothesis and
dimensionless variables; and showed oscillations of substrate and product
concentrations. No attempt was made to try and convert this model to stochiometric
form.

ae(l+ ae)" _l(l + )"

L1+ ace)" +(1+ae) (1+7)"

¢ =

Figure 2.6. Allosteric model ordinary differential equations.

2.1.5 Memory Induction

The memory model (Pettigrew et. al., 2005) contains 16 ODEs (partial list see Figure
2.7), several of which are highly nonlinear equations. The model represents short-,
intermediate-, and long-term phases of protein kinase A (PKA) activation, as well as
represents phosphorylation of the transcription factor CREB1 by PKA and
consequent induction of the immediate-early gene Aplysia ubiquitin hydrolase (Ap-
uch), which is essential for long-term synaptic facilitation (LTF). The original model
contains delayed differential equations which were simplified to the version in Figure
2.7 without delay. This model was not converted to a stochiometric form.
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Figure 2.7. Complexity of the memory model is shown by a patrtial list of the ODEs.
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Figure 2.8. lllustration of the biochemical elements of the memory model.

2.2 Simulators and Editor

Seven simulators and editors where evaluated as part of the usability test of Bio-
SPICE tools.

2.2.1 Jarnac and JDesigner

Jarnac is a part of the SBW package (http://sbw.kgi.edu) which was a precursor of
the Bio-SPICE project. Jarnac provides a general solver that a script-like language
to enter model equations. Users are not limited to stochiometric equations with
Jarnac. The graphic application JDesigner, on the other hand, does require
stochiometric equations, so that not every model that runs in Jarnac can work in
JDesigner. Jarnac provides an output viewer to display the time course of the
variables of the model.

13



da]anmcZﬂPnﬂudhn“ﬂshnhﬁeﬁxﬁme?hﬂc
File Edit

i—
s € @

|| Metwork Class  Stop

Options  View Run Help

Computing.... B
I e e T o S s e 20 B At 1 e L
a2 At 2 e S L e
+H++++++H++ -+ Simulation time

Ok

(=zec) : 2.543

“Editc:r iﬂChan ]-

_File | | Pun |
| | & | B o | L
4 +
defaultl jan circadiantodel.jan ]
Y
defn CircadianModel
var mRNHA, promoter, nullPromoter, WmRNA,
PO, P1, P2, P3, P4, Ps, P&, P7, PB, P9, P10,
[ImRHA] P12 + promoter —-> nullPromoter; kE1*Pl2%*promoter;
[WmRHA ] nullFPFromoter -> P12 + promoter; nullPromoter;
[IPO] promoter -> promoter 4+ mBNA: vr¥promoter;
[mEMAW] mBNA -> WmBNA ; kd*mRHNEA;
[RP] mBNZ -> mRN&A + PO; kp*mENA
[IP1] PO -> P1: kph*P0 ;
[WP1] P1 ->» B2; kph*P1;
[IP3] P2 ->» P3; kph*P2;
[WE3] P3 ->» P4; kph*P3;
[IP5] P4 -» P5; kph*P4 ;
[WE5] PS5 ->» P&; kph*P5;
[IP&] PT; kph*P& ;
[WE&] P8 kph*PT;
[IP9] Pa;
[WES] > P10;
[IP11] PYo —» Pi1;
[WP11] P11 -»> P12; kph*P11;
[P12x] P12 + = -> P12D; k3*P12¥*x;
[P12d] P12D -> P12 + x;
[WP12] P12D -> =; vp*P12D;
w
O
| circadianModel.jan [Ln:42,Col: 12 |Insert |SBW Status: FH [Mc ;

Figure 2.9. Jarnac script editor displaying circadian model M1.
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Figure 2.11. JDesigner editor display of circadian model.

2.2.2 BioSketchPad and Charon

The editor BioSketchPad is used with the simulator Charon. BioSketchPad only
accepts models in stochiometric form. Once the model is implemented in
BioSKetchPad, the simulator Charon is invoked and the model is exported into
Charon in the required format.
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Figure 2.12. BioSketchPad editor display of cell division model M3.
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Figure 2.13. Charon simulator display of initial time course of circadian model.

2.2.3 BioSpreadsheet and ESS

The editor BioSpreadsheet (http://biocomp.ece.utk.edu) is used with the Exact
Stochastic Simulator (ESS). BioSpreadsheet accepts only models in stochiometric
form. The solver ESS is a stochastic solver.
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Figure 2.15. BioSpreadsheet display of simulation time course of circadian model.

2.2.4 JigCell

The application JigCell (http://jigcell.biol.vt.edu) is comprised of several components,
a model builder as well as a run manager. The model builder provides users with a
spreadsheet-like tabular GUI to implement a model. The user can define the type of
equations that comprise the model, once a model is completely defined in the
spreadsheet, the run manager is invoked in order to solve the equations using the
XPP solver and display the time course.
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Figure 2.16. XPP display of simulation time course of memory model.
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Figure 2.17. JigCell model builder display of memory model.
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2.2.5 Simpathica

Simpathica (http://bioinformatics.nyu.edu/Projects/Simpathica)

is a deterministic

simulator that supports stociometric equations. Reaction editing is handled through
a drop-down menu to select reaction types and text fields to enter values and

reacting species.
produced in real time.

When adding species and reactions, a chart of the system is

Integration and plotting is handled through Octave and a
trace analysis tool is also provided.
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Figure 2.18. Simpathica editor display of circadian model.
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Figure 2.19. Simpathica simulator time course display of circadian model.

2.2.6 BioNets

BioNetS (http://x.amath.unc.edu/BioNetS) is a stochastic simulator which handles
equations in stociometric form and can integrate in discrete or continuous modes.
BioNetS features line by line species and reaction editing and a custom graphing
component. Output from the simulation can be read into Matlab and the graph output
can be saved as an image. BioNetS uses its own XML formatted files however, and

does not have the ability to import or export SBML.
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Figure 2.20. BioNets editor and simulator display of circadian model.

2.2.7 PathwayBuilder

Pathway Builder (http://biospice.lbl.gov/PathwayBuilder) is a visual model editing
program. Pathway Builder allows the user to represent species and reactions as
geometric objects of any size and color to distinguish between different pathways.
Species and reactions can be grouped together and can be minimized to limit on
screen clutter. A pathway can also include groups of subpathways and they can be
visually distinct from one another.

24



£ pathwayBuilder: Circadian ;iﬁ.lﬂ

Fie Bt Object Simulsion ‘Window Heip

O[5 Ofcromeess- > [@]%] [ WA [esommne v[[@]  [crcosm v| [ asomooints | [elefion [nlalal

& o { pescucn e o T

mANA WmRHA

..
P Reaction & [

Coprdinales: 427, 633

Figure 2.21. Pathway Builder editor display of circadian model.
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3. Results

The Bio-SPICE system was designed to provide users with tools to carry out data
collection, model development and computer simulation. To examine the current
state of the Bio-SPICE system, we performed a usability study of the Bio-SPICE
Dashboard and seven simulators and editors. Our goal was to examine the usability
of each simulator, both independently and within the Dashboard, and the
interoperability of the various tools, using SBML as a language of exchange between
the different applications.

Five models were used in our present study, a circadian rhythm model (M1), M1
scaled to 100 equations (M2), a cell division cycle model (M3), an allosteric model
for glycolytic oscillations (M4) and a memory induction model (M5).

We examined seven simulators/editors for capability, graphic functionality, usability
and interoperability. In order to test the model building component of each tool,
which varies from using a script-like language (Jarnac), tabular editor (Simpathica,
BioNetS, JigCell, BioSpreadSheet) and a GUI (BioSketchPad, JDesigner, Pathway
Builder), we implemented four models (M1, M3, M4, M5; M2 is M1 scaled to 100
equations) in all six simulators (non-stochiometric models M4 and M5 were only
tested with general solvers, Jarnac and JigCell). The solvers were used to simulate
the models. We tested performance at various time steps and examined scalability.

The Dashboard was used with two of the simulator analyzers, BioSpreadsheet/ESS
and Jarnac. The execution time for the models using the Dashboard was faster for
Jarnac, while slower with BioSpreadsheet/ESS. There is no component to provide
input to a model, which is needed for model M5, and therefore this model could not
be properly simulated with the Dashboard.

3.1 Simulators and Editors

Five models M1 to M5 were used to evaluate the performance of the six simulators.
Only models M1, M2 and M3 were converted to stochiometric form, and were used
for the evaluation of the simulators that require equations in stochiometric form,
BioSketchPad/Charon, BioSpreadsheet/ESS, Simpathica and BioNets.

3.1.1 Performance

Figure 3.1 shows the execution times of the various simulators to run the different
models. The simulator BioNets was the fastest, for all three stochiometric models.
Only JigCell and Jarnac, as general solvers, were able to execute all five models.
Charon was the slowest simulator, and its execution time extended beyond the scale
of the graph. It was found not suitable for the types of models we tested, as the
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adaptive method would reduce the step size to a very small value and proceed very
slowly in the simulation.

O Jarnac
Time (Sec) i W JigCell
O BioSpreadsheet
O BioNetS
350 - i B Simpathica
O Charon
300 I
250 I
200 I
150 ~ Charon
Simpathica
s BioNetS
50 BioSpreadsheet
JigCell
0- Jarnac
Model & & o® o S
S & _ 0(\@ 6\\'2}\ ¥ Simulator
5@ ..DQK e o® .&\Q
&P & K © <
¢ SN & ﬂo‘ﬁ «®
)

Figure 3.1. Performance of six solvers for models M1 to M5.

3.1.2 Interoperability

One of the goals of the Bio-SPICE project was to provide a platform for the
integration of diverse applications. Towards that end, the language SBML was
chosen as a language of exchange between the various applications. Each
application should provide an import/export function for SBML files. At the time of
this writing, difficulties exist due to the fact that SBML is a rich language and various
groups have implemented slightly different model representations.
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Two methods were employed to test interoperability, using models M1 to M5 and
using models from a public database. In the first, we tested the interoperability of the
seven simulators/editors by using each application as a source for a SBML file and
scoring the other applications on their ability to import that file.

The simulators/editors where measured on how well they imported:
e model equations
e kinetic rate constants and their values
e initial values of variables

The simulators/editors had variable amount of success. Some simulators were
able to list the kinetic rate parameters but did not provide the initial condition
values for the parameters (0.85 score). Others were only able to display the
model equations (0.5 score). And some did very poorly in the attempt to import
(0.05 score).

Interoperability
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Figure 3.2. Interoperability of seven simulators/editors for models M1 to M5.
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The second method for evaluating interoperability was carried out using models
published in the BioModels Database (http://www.ebi.ac.uk/biomodels/). The 45 models
in this database are in SBML form, curated by the authors of this database. The models
were tested with four simulators/editors: JigCell, JDesigner, BioSpreadsheet and
Simpathica. A table with the scores is provided in Appendix B.

3.1.3 Graphic Functionality

An important aspect of any editor is the capabilities provided to the user to
implement a model as well as model maintenance and update. In our usability study,
we examined various capabilities of the different editors, e.g. whether the editor
provides cut and past functionality, and for single or multiple lines, can users group
nodes together for move/copy. Since biochemical models will become more and
more complex as our understanding of processes grows, the graphic capabilities of
editors will play an important role in the choice of editors. We also qualified the
graphic support that a simulator provides for displaying and printing the time course
of a simulation.

Figure 3.3 displays the scores of the various editors with five being a high score and
one a low score. Editors that provide single line copy/paste functionality received a
score of three. Both Jarnac and JigCell provide the ability to cut and paste multiple
lines. The graphic editors provide only cut and paste for single nodes or single
connections. Four of the simulators provide the capability to print the time course of
the simulation.
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Figure 3.3. Graphic functionality of seven simulators/editors for models M1 to M5.

3.1.4 Usability and Documentation

The usability of an editor is determined by the ease in which it can be learned and
used. Graphic editors tend to be simpler to learn and use. This can be seen from
Figure 3.4 where all five graphic editors had top score for usability. Jarnac is a
powerful tool, but requires programming, and hence the relatively low score for
usability. Not all editors/simulators are provided with good documentation. All the
latest versions of the editors/simulators provide reasonable documentation and
several provide extensive documentation which merited a high score.
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Figure 3.4. Usability and documentation of eight simulators/editors for models M1 to M5.

3.2 Dashboard Integration

The goal of the Bio-SPICE project was to develop an environment that allows
different tools to interoperate in a workflow. A workflow may contain various tools in
order to implement, analyze and simulate a model. The language SBML was chosen
as a language of exchange between the various tools. Each simulator/editor tool, as
part of a work flow, would be required to read a SBML input and produce a SBML
output. The Dashboard was developed as the environment where a workflow can be
implemented and the various tools incorporated. Towards the goal of evaluating the
Bio-SPICE project in terms of usability we have examined the interoperability of
various editors/simulators as part of a workflow in the Dashboard.

Figure 3.5 displays the Dashboard with the left pane containing the tools that are
installed in the Dashboard and on the right pane, a workflow. The workflow contains
three analyzers, an input document, the circadian model, the ESS solver and a
display analyzer. Running the workflow causes a simulation to run and the time
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course of certain variables to be displayed. At present, most solvers can not execute
the SBML code exported by other tools other than their corresponding editor.
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Figure 3.5. Dashboard with ESS simulation of circadian model displaying time course
with 2DGrapher.

Figure 3.6 displays the Dashboard with the BioSpreadsheet editor analyzer. Running
the workflow opens the editor with the document, which in this case is a circadian
model.
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Figure 3.6. Dashboard with BioSpreadsheet editor displaying circadian model M1.

The Jarnac analyzer can also be used with the Dashboard, as seen in Figure 3.7. In
the workflow, the allosteric model M4 is used as the source document. The Jarnac
analyzer is connected to two output analyzers, a tabular output and a graphic output.
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Figure 3.7. Dashboard with Jarnac simulation displaying allosteric model M4 time
course and values.

3.3 Tutorial and Use Case Documentation

Two documents have been written in order to assist new users of Bio-SPICE, a Getting
Started manual and a Jarnac use case document.

3.3.1 Getting Started User Manual

In order to assist new users of Bio-SPICE, a tutorial was written as a Getting Started
manual. The Tutorial manual is divided into five chapters:

¢ Introduction to Bio-SPICE - provides an introduction to systems biology and
an overview of the Bio-SPICE toolkit.
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e Getting Started - describes the step to download and install the Bio-SPICE
system.

e Model Editor - describes how to enter model equations with one of the
editors, BioSpreadsheet. A simple circadian rhythm model is presented as a
use case.

e Using the Dashboard - describes how to construct a workflow, run a
simulation and display time course.

e Bio-SPICE Tools - provides a short description of the tools that exist in the
Bio-SPICE toolkit.

The tutorial is presented in Appendix C.

3.3.2 Jarnac Use Case

The Jarnac use case presents to users how to implement a model using Jarnac and
how to run a simulation using Jarnac and the Dashboard. The use case is divided
into three sections:

e Download SBW and analyzer
e Modeling with Jarnac
e Dashboard workflow simulation

The use case document is presented in Appendix D.

. Summary

The goals of this project were two-fold. The first goal was to assist developers of
Bio-SPICE tools towards transparent integrations of their tools in the Dashboard. At
each stage of development we reported on the status of usability and
interoperability. The second goal was to help users by providing performance
evaluations of the various simulation tools, illustrating the capabilities of the different
tools. As well, a Getting Started manual was also written to assist new users of Bio-
SPICE to develop models and use Bio-SPICE tools.

Five models where used in the usability study: a circadian rhythm model (M1), M1

scaled to 100 equations (M2), a cell division cycle model (M3), an allosteric model
for glycolytic oscillations (M4) and a memory induction model (M5). We examined
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seven simulators/editors for capability, graphic functionality, usability and
interoperability. In order to test the model building component of each tool, which
varies from using a script-like language (Jarnac), tabular editor (Simpathica,
BioNetS, JigCell, BioSpreadSheet) and a GUI (BioSketchPad, JDesigner, Pathway
Builder), we implemented five models (M1, M2 is M1 scaled to 100 equations, M3,
M4, M5) in all six simulators (non-stochiometric models M4 and M5 were only tested
with general solvers, Jarnac and JigCell). The solvers were used to simulate the
models. We tested performance at various time steps and examined scalability. The
Dashboard was used with two of the simulator analyzers, BioSpreadsheet/ESS and
Jarnac.

Summary of the evaluations can be found in Appendix A. The simulator BioNets
was the fastest, for all three stochiometric models. Only JigCell and Jarnac, as
general solvers, were able to execute all five models. The simulator JigCell
performed best in terms of interoperability. Graphic functionality varied but most
simulators provide multiple copy/paste capability. The documentation of each tool
was also evaluated, and had improved towards the end of the project cycle.

Based on our evaluations, users can examine our results before investing time and
effort with a tool to decide what may be best suited for their needs.
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Appendix A — Simulator Capabilities and Features

Simulator Capability
. Performance Accuracy (%) -
Simulator Type Model Type | (steps 1.0/0.1/ 0.01) (steps 1.0/ 0.1/ 0.01) Scalability
BioSketchPad | Deterministic | Stoichiometric |M1:> 1hr M1: Fixed step of 0.001 was
/ Charon M2: NA too large
M3: 3 hrs M3: Must use a step size NA
M4: NA smaller than 0.005.
M5: NA
BioSpread- Stochastic Stoichiometric M1: 0.9 sec M1: 600 Molecules For M3, examining 10, 100,
Sheet M2: 3.7 sec M2: Same as M1 and 1000 molecules, only 1000
M3: 308 sec M3: 1200 Molecules molecules provided a
M4: NA M4: NA reasonable solution.
M5: NA M5: NA
Jarnac / Deterministic Ja: General, |M1:1.4/5.3/50.7s M1: 0.004/ 0.001/ <10 Did not scale linearly with
JDesigner JD: M2:28.9/196.2/1742's M2: 0.00003/ <10°/<10°  |number of equations, M1
Stoichiometric [IM3:0.9/2.9/195s M3: 0.005/ 0.0025/ <10™* contained 20 equations and
M4:0.9/4.4/393s M4: <0.02 / <0.02 / <0.02 M2 contained 100 equations.
M5:75/107 /376 s M5: <0.0003 /0.01? / 0.0003 |M5: 0.1 showed larger error
than 1.0.
JigCell Deterministic General M1:1.1/3.2/138s M1:0.3/0.01/<10* Scaled linearly with number of
M2:4.3/351/132s M2: 0.0001/ <10/ <107 equations.
M3:0.8/2.3/142s M3: 0.005 / 0.004 / <10 M5: could not simulate at 0.01
M4:09/3.7/316s M4: <0.02 / <0.02 / <0.02
M5:8/53/NA's M5: <0.0003 / <0.0003 / NA
Simpathica | Deterministic | Stoichiometric |M1:36's Scales Linearly
M2:191s .
M3: 28 s Adaptive Error
M4: NA (SLODE Solver)
M5: NA
BioNetS Stochastic | Stoichiometric |M1:0.219s M2 executed 5 times slower
M2:1.026 s than M1.
M3:0.203 s NA Only measurable at a small
M4: NA step size.
M5: NA
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Simulator / Tool Usability and Interoperability

Simulator Version Ié“Bpl\(I:IT Dt)t(;ltlir::n Dgigg?::d Wish List Usability Issues / Comments
BioSketch- BSP: 2.2 | BSS: 0% Average No Analyzer Group node / Easy / Intuitive | Charon requires a very small
Pad / Charon Cc:1.0 JD: 85% Provided edges for copy / integration step which causes
JC: 0% paste the execution to be extremely
slow.
BioSpread- 4.0 BSP: Average Runs BSS Move model Easy / Intuitive
Sheet/ESS JD: 100% models with editor rows up
JC: 50% ESS analyzer | or down
Sim: 85%
Path: 100%
Jarnac / Ja: 2.14 BSP: 0% Good Runs JD JD: Group Ja: Requires
JDesigner JD: 1.952 | BSS: 100% model with Ja | node/edges for Programming
JC: 75% analyzer runs | copy/paste JD: Easy /
Sim: 85% BSS model but Intuitive
Path: 100% incorrect
results
JigCell 6.0 BSP: 90% Average JigCell Simpler Intuitive editor
BSS: 0% analyzer not runManager
JD: 100% providing
Sim: 100% output
Path: 100%
Simpathica 1.3 BSS: 0% Average No Simpler Model Easy / Intuitive | Does not retain species name
JD: 10% Editing Ability in SBML output, instead
JC: 25% saves |ID name.
Path: 25%
BioNetS 2.0.3 NA Average Has Separate | SBML Importing | Easy / Intuitive
Dashboard and Exporting
Module
Pathway 0.9.56 BSS: 100% Good No Analyzer Laid Out Model Easy / Intuitive | Does not layout model when
Builder JD: 0% Provided When Importing importing SBML
JC: 100% SBML
Sim: 100%
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Simulator / Tool Graphic Functionality

. . Graphic
. Model Print Print/Save i
Simulator Display Model Output Data S Plot Access to Output Data Model Editing
upport
BioSketchPad GUI No No None None Single Node Copy / Paste
/ Charon
BioSpread- Text No uses uses Uses Dashboard Multiple Row Copy / Paste, but
Sheet Dashboard Dashboard inserts only as last row entry
Jarnac / Ja:Text Ja: Yes, Ja: No Good Ja: Viewing Only Ja: Full Featured Editor
JDesigner JD:GUI JD: Yes JD: Yes JD: Full Access JD: Single Node Copy / Paste
JigCell Text No No Fair Viewing only Multiple Row Copy / Paste
Simpathica | Text/ GUI Yes Yes Gnu Plot Full Access Individual Entry Updating, No Copy /
Paste
BioNetS Text No From Matlab Good From Matlab Single Cell Copy / Paste
Pathway GUI Yes NA NA NA Single Node
Builder
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Appendix B - Interoperability

BioModels Database

In an effort to promote the SBML format as a standard for biological modeling, a database of
published models was assembled by the BioModels Database
(http://www.ebi.ac.uk/biomodels/). The BioModels Database allows biologists to submit, find
information on and retrieve a variety of models. For this model compilation to be useful,
simulators must have the ability to read and execute the SBML formatted models. 45 models
in the database were tested with the Bio-SPICE simulators BioSpreadSheet, JigCell,
JDesigner, and Simpathica. Between the different simulators and models, there were
varying degrees of success of readability and execution. For each simulator, models are
rated on the following scale: (1) model cannot be read by the simulator, (2) simulator fails to
read large portion of the model, (3) some missing parameters, (4) model loads but doesn't
integrate properly, and (5) the model loads and integrates.

BioModel # JigCell | JDesigner BioSpreadSheet v4 Simpathica
01 4 1 1 1
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
20
21
22
23
24
25
26
27
28

AWk |MwgRr|wrOlww S SNaowwNw|w|o|ol|o
NP (R R(RPlWR Wkl o|o|RrlalagR|lo|oRaor|k N
RRrRrRPRPrRPRRPRRPRRPRRPRWRRWOWW W W W W|[FR W w|w|w|~
RlRRrRRrRrRRRRPRIRIR R RRIRR R RRIR R R RR R
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30
31
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35
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37

38
39

40
41

42

43
44
45

41



Appendix C — User Manual

Getting Started with Bio-SPICE:
A Tutorial for New Users

Version 1.0

Evyatar Av-Ron and John H. Byrne

Department of Neurobiology and Anatomy
The University of Texas Medical School at Houston
Houston, TX 77030

http://biospice.org
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Chapter C-1 Introduction to Bio-SPICE

With the enormous growth of life science research it is clear that tools are needed to store
and analyze the large amount of experimental data, to build, simulate and analyze
mathematical models, and to visualize data and system dynamics. This chapter presents the
software project Bio-SPICE (Biological Simulation Program for Intra- and Inter-Cell
Evaluation) and a short description of system biology.

Introduction to systems biology

Systems biology is the study of the mechanisms underlying complex biological
processes as integrated systems of many, diverse, interacting components. Systems
biology involves (1) collection of large sets of experimental data (by high-throughput
technologies and/or by mining the literature of reductionist molecular biology and
biochemistry), (2) proposal of mathematical models that might account for at least some
significant aspects of this data set, (3) accurate computer solution of the mathematical
eguations to obtain numerical predictions, and (4) assessment of the quality of the model
by comparing numerical simulations with the experimental data.
(http://jigcell.biol.vt.edu/glossary.html)

Modeling biochemical and gene networks

There are several methods of modeling system biology, in particular cellular processes
and biochemical interactions. Two very different approaches are Boolean networks and
ordinary differential equations (ODESs). For qualitative modeling of large systems, Boolean
networks may be more appropriate than an ODE-based model where details of reaction
rates are required.

Boolean methods

Qualitative modeling of large systems can most effectively be carried out using a Boolean
method. There are several variants of Boolean methods, e.g., PetriNets and Cellular
Automata. A Boolean network contains nodes that can have the value 1 (on) or 0 (off).
For a specific node, the change from one state to the next is a function of the nodes that
are connected to the specified node.

Differential equation-based models

Quantitative modeling is usually carried out with ordinary differential equations, which
represent system variables that change as nonlinear functions of other variables and/or
parameters. To describe mass action of biochemical reactions, equations may be written
in stochiometric form. There are two general types of solvers for quantitative models,
stochastic and deterministic. When small populations of molecules are considered,
stochastic modeling is more appropriate since molecular fluctuations may alter the
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dynamics. With large population sizes, deterministic modeling will be computationally
faster as stochastic modeling of large populations is computationally time intensive and
should produce results similar to an ODE model.

Stochastic

Stochastic solvers use the Gillespie algorithm or a variant of it. Basically, all possible
reactions are examined and the reaction with the shortest time interval is “scheduled”.
The executed reaction will affect the population of molecules and thereby other reactions.
Therefore certain reaction times must be recalculated, and again, the shortest time
interval reaction is scheduled. This algorithm was shown to describe the time evolution of
a chemical system.

Deterministic

Deterministic solvers use a variety of algorithms to compute the value of the variables in a
model. At each time step, all variables are calculated based on either only previous
values (explicit methods) or incorporating estimates of the next value (implicit methods).
Some of the more known algorithms are forward and backward Euler methods (explicit
and implicit respectively), Runge Kutta, Gear, CVODE and Crank-Nicolson. The
algorithms differ in terms of ease of use (e.g., explicit methods requiring only initial
conditions, implicit methods require estimations of variable values), speed of computation
(how many function calls per time step) and accuracy especially important in cases of stiff
systems.

The Bio-SPICE project

The Bio-SPICE project was started as part of the Bio-ComputationP, funded by the
Defense Advanced Research Projects Agency (DARPA). The goal was to develop a
computational framework that enables the construction of sophisticated models of
intracellular processes that can be used to predict and control the behavior of living cells.
In addition, Bio-SPICE is also being examined to generate new computational paradigms
and engineering applications that utilize biomolecules as an information processing,
sensing, or structural components
(http://www.darpa.mil/ipto/programs/biocomp/index.htm). In order to understand cellular
behavior, we need to understand how the underlying genetic code is executed and to
characterize the dynamics of cellular events (see editorial at
http://www.liebertonline.com/toc/omi/7/3).

The Bio-SPICE project chose the System Biology Markup Language (SBML) as a
language of exchange between the different tools. SBML is a computer-readable format
for representing models of biochemical reaction networks. For example, SBML is
applicable to metabolic networks, cell-signaling pathways and regulatory networks. For
further details see the web site http://sbml.org/index.psp.
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The Bio-SPICE web site and SourceForge.net

The Bio-SPICE web site https://biospice.org/index.php provides information and software
downloads to the Bio-SPICE community.

Site Map  Request Support  Join Bio-SPICE  Login

Search

EVENTS NEWS

Bio-SPICE: A Simulation Program for Intra- and Inter-Cell Evaluation

Bio-SPICE, an open source framework and software toolset for Systems Biology, is intended to assist biological researchers
in the modeling and simulation of spatio-temporal processes in living cells. In addition, our goal is to develop and serve a
user community committed to using, extending and expleiting these tools to further our knowledge of biological processes

In collaboration with other Bio-SPICE Community members, we will develop, license, distribute, and maintain a
comprehensive software environment that integrates a suite of analytical, simulation, and visualization tools and semvices to
aid biological researchers engaged in building computable descriptions of cellular functions. From disparate data analysis
and information mining to experimental validation of computational models of cell systems, our environment will offer 3
comprehensive substrate for efficient research, collaboration and publication

Figure C-1.1 Bio-SPICE web site.

In order to download software from the web site, you must join and become a Bio-SPICE
member. Chapter 2, Getting Started describes how to go about joining.

A second source now exists for the Bio-SPICE project is on SourceForge.net,
http://sourceforge.net/projects/biospice. The latest version of the Dashboard can be
downloaded from SourceForge.net without the need to register as a Bio-SPICE user as
on the official Bio-SPICE web site. This reflects the transition from a DARPA funded
program to a truly open source environment to fulfill the desire to see Bio-SPICE continue
to mature and evolve long after the DARPA funding has ended.

The Bio-SPICE tool kit

The Bio-SPICE tool kit is comprised of the Dashboard and a range of tools.

e Dashboard: GUI application to create and run workflows.

e Data analysis tools: Tools to mine the data

e Database tools: The large amount of data that experiments produce needs to be
stored and mined.

e Model analysis tools: A model can provide information through various means of
analysis, e.g., bifurcation, parameter sensitivity.

e Model composition & visualization tools: In order to construct a model, tools are
provided for model composition, as well as visualization.

e Simulator tools: Models need to be solved using various types of simulators,
continuous ODE simulators or stochastic simulators.
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Outline
The manual is organized as follows:
¢ Introduction — Chapter C-1 provides a general overview of System Biology and the
Bio-SPICE software.
e Getting Started — Chapter C-2 describes how to download the Bio-SPICE package
and launch the application.
e Model Editor — Chapter C-3 presents a simple use case and describes how to edit
a model.
e Using the Dashboard — Chapter C-4 shows how to use the Dashboard to simulate
the model described in Chapter C-3.
e Using Bio-SPICE Tools — Chapter C-5 provides a brief summary of all the Bio-
SPICE tools available.
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Chapter C-2 Getting Started

This chapter presents the Dashboard application, and shows how to download and install
the Dashboard.

The Dashboard

The Bio-SPICE Dashboard is an environment for integrating varied data and tools useful
to biologists. The main categories of tools this environment was designed for are model
building, model analysis, experimental data analysis, and visualization. However,
conceivably any tool that analyzes, transforms, produces, or helps to interpret data could
be integrated into the Dashboard. The Dashboard functions in a manner loosely
analogous to UNIX shells (especially with respect to UNIX pipe facilities).

The Dashboard is based on the NetBeans application platform, a Java-based tool kit.
Tools may be written in any language, however, as the core Dashboard libraries provide
support for accessing non-Java tools that are either network enabled, command-line
tools, or OAA agents.

Currently, facilities for Java and OAA tools are available, as well as support for TCP/IP,
web, and command-line tools via an XML wrapping API.

Users or tool developers interested in integrating their tools into the Dashboard
environment can find additional guidance in the Developer’'s Manual.

System Requirements
Java SDK version 1.4.5. Download from http://java.sun.com.

Linux users: It may be necessary to have super-user permission (i.e., root) before you
install the software. Check with your local system administrator.

Bio-SPICE on SourceForge.net

The Bio-SPICE software may be downloaded from the SourceForge.net site at
http://sourceforge.net/projects/biospice/.
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SF.net » Projects » Big-SPICE » Summary

Bio-SPICE

Summary | Admin | Home Page | Forums | Tracker | Bugs | Support Requests | Patches | Feature Requests
| Screenshots | News | CVS | Files

About Bio-5PICE

Our goal is to create an open source framework and toolset for modeling
dynamic cellular network functions, and to develop a user community
committed to using. extending and exploiting these tools to further our
knowledge of biologic processes.

| Download Bio-SPICE |

Project Admins: cjpedersen, dartz, jbakermt, kenkoster, vwagner
Operating System: 0S Portable (Source code to work with many OS platforms}
License: BSD License

Need Support?: See the support instructions provided by this project

Figure C-2.1 SourceForge Dashboard page.

Click on the green button Download Bio-SPICE, see Figure C-2.1, and you will be
directed to the download page. There are three versions of the software for the operating
systems: Windows (32bit), Linux (32bit) and Mac (PPC), shown in Figure C-2.2.

| File Releases

Below is a list of all files released by this project. Before downloading. you may want to read Release Notes. The current release for each
package is shown.

Package Estﬁase Filename Size ytesy Downloads Architecture Type
Latest [=] Dashboard 7.0 (uotes] (20051107 18:52)
Dashboard-mac-7_0 zip 13402477 6 PPC zip
Dashboard-SetupLinux-7.0_bin 79920321 6 386 S vy
Package
Dashboard-SetupWindows-7 0 exe 70822043 31 386 Ll
Windows)
[*] Dashboard 6.0 otes; (2005-02-15 18:53)

Totals: 2 6 325126102 43

Figure C- 2.2 SourceForge Dashboard download page.

Installing the Dashboard from SourceForge

There are three versions of the dashboard, for Windows, Linux and Macintosh operating
systems. Select the version you need. Then save either the Windows file Dashboard-
SetupWindows-7.0.exe or the Linux file Dashboard-SetupLinux-7.0.bin or the
Machintosh file Dashboard-mac-7.0.zip on your computer.
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Ve
The installer will have an icon which looks like this, for MS Windows, double-click on
the icon to launch the installer, see Figure C-2.3.

[ M= E3

Welcome to the InstaliShield Wizard for Bio-SPICE
Dashboard

The InstallShield Wizard will install Bio-SPICE Dashboard on your computer
To continue, choose Mext

Bio-SPICE Dashhoard
hitp:ficommunity. biospice.org

Irjziezl=imiz]l

< EACh:

Cancel |

Figure C-2.3 Dashboard InstallShield Wizard.

Note: In order for the Dashboard to function you must have a Java VM installed, of a
version 1.4 or later. If you do not have Java installed or, have an older version, visit
the Java site http://java.sun.com in order to download the appropriate Java VM.

The installer will provide a default folder/directory for installations, but you may change
the destination folder/directory. Click the button [eowse | tg open a dialog box displaying
the file structure for your system. Traverse the structure to the folder in which you want to
install Bio-SPICE. Select the folder name and click the button open and then next. The
installer will then display the installation files. Leave the two check marks for installation of
both the Dashboard and OAA for a complete install. Click the button next twice to start
the installation. After installation click the buttons next and then finish.

The installation will place four folders, _jvm, _uninstall, Dashboard, and OAA in the
designated folder, and place three shortcuts, to the Dashboard, to uninstall the
Dashboard, and to the OAA Facilitator, on the Desktop.
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Izlashl:u:uard 70
2KE
To launch the Dashboard, double-click on the Dashboard shortcut. “

In the next chapter we will show how to use the Dashboard to construct a biochemical
model.

The Bio-SPICE documentation, shown in Figure C-2.4, has been integrated into the
Dashboard. Click on the menu item Help>Help Contents in order to open the
documentation window.

@) Help - All M[=1E3
HEEE
|
] | B | Q, | y This window contains the master set of all installed documnentation.
# EBioMat Eridge You can use the navigators to the 1eft to browse the IDE's complete

_ 4 Bio-SPICE Dashboard

(-] Dashboard User Manual

(=14 Dashboard Developer Manual
- Analyzer Tutorial
e WML Analyzer Tutorial
‘-4 Dashboard Architecture

------- # Dashboard APT

------- # Llicense

------- # Dashboard Credits

table of contents and index, and perform whole-docutnentation
gearch on the index and full-text search.

Figure C-2.4 Access the Dashboard manual from Bio-SPICE web site.
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Chapter C-3 Model Editor

This chapter presents how to implement a model with Bio-SPICE. We will use the model
editor BioSpreadsheet to construct a biochemical model.

Choosing an editor

There are several model editors available in Bio-SPICE. Each simulator provides an
accompanying editor, which is best suited for use with the specific simulator. On the other
hand, each editor provides an export function that allows you to save the model in SBML
format. SBML is the language of exchange for models and each simulator provides you
with an import function to read SBML models.

Note: At present there is not full interoperability between all editors and
simulators. The import function of one tool may not read correctly the
entire SBML model from another tool. See Appendix B for a table of
interoperability of Bio-SPICE tools.

Simulator contributions to earlier versions of Bio-SPICE all included editors for model
construction, due to the fact that no standard data format was established. As the need
for interoperability expanded, SBML was chosen as a language of exchange for the
various tools. All editors provide an SBML import/export function. One of the original
contributors to Bio-SPICE was a team from the University of Tennessee at Knoxville
(UTK) and Oak Ridge National Lab (ORNL) which provided the editor BioSpreadsheet
with the accompanying stochastic solver ESS.

Downloading an editor

With the move of Bio-SPICE to SourceForge.net, it is best to download Bio-SPICE tools
from the web site of the contributing group, if such a site exists. A few of the contributing
teams have been found to do a better job making recent tools releases and fixes
available to others on their own web site than on the Bio-SPICE web site. Some tools
though are only provided on the Bio-SPICE web site https://biospice.org/ . Appendix A
provides the list of tools from the various organizations and the web site most convenient
to access them.

The tools from the University of Tennessee at Knoxville (UTK) and Oak Ridge National
Lab (ORNL) can be found at: http://biocomp.ece.utk.edu/, see Figure C-3.1.
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University of Tennessee

Biological Modeling Research Group

Home Welcome to the University of Tennessee Biological Modeling Research Group webpage.

Software We are group of faculty and students funded by the Defense Advanced Research Projects Agency (DARPA)
and the National Science Foundation (NSF) to develop software for the BioSPICE Project and to use this

People software to model biological systems. Through modeling, we hope to increase the productivity of biologists by

predicting cellular behavior long before such behavior could be observed and validated in a laboratory.
Publications

To download the latest versions of our software modeling tools, Click Here.

Presentations
If you need help using our software ar have any questions regarding this research, feel free to email James
Models McCollum - jmccoll2@utk edu.

Figure C-3.1 University of Tennessee Biological Modeling Research Group webpage.

The editor BioSpreadsheet is a simple-to-use editor for developing models of mass action
eqguations. It was developed in conjunction to the stochastic solver ESS (Exact Stochastic
Simulator) as part of the software contribution of UTK/ORNL.

Click the Software link to open the download page http://biocomp.ece.utk.edu/tools.html.
Click the link Download Now and save the file utkornltools.zip to disk. Unzip the file
utkornltools.zip to install the folder utkornltools, which contains the following
structure:

The unzipped utkornltools folder will look something like the image in Figure C-3.2.

/] examples /j src
F‘ license TG, README )
= | 2ke Sz 442 K8

| Utkomitools.nbm
1] | NEM Fie

Figure C-3.2 Folder utkornltools.

Ikl

The PDF file README, on page 3, describes how to install the UTK-ORNL tools in the Bio-
SPICE Dashboard. Briefly, the file utkornltools.nbm must be installed by using
Install Manually Downloaded Modules from the menu Tools>Update Center.
Manual install is used when the tool file resides on your hard drive. Automatic install is
used to download the tool file from the update center. Relaunch the Dashboard to have
access to the UTK-ORNL tools. The Dashboard should look as in Figure C-3.3.
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Figure C- 3.3 Dashboard with UTK-ORNL tools installed.

To launch the BioSpreadsheet editor, you must first place the BioSpreadsheet analyzer
on a workflow. Double-click the BioSpreadsheet analyzer on the left pane of the
Dashboard and drag the cursor, while holding the left mouse button, to the workflow area
on the right pane of the Dashboard.

Figure C-3.4 BioSpreadsheet analyzer in workflow editor.

Click the menu Run>Start in order to start BioSpreadsheet which should open a window
as in Figure C-3.5.




Using an editor

The BioSpreadsheet editor has four panes, each associated with a tab Information,
Reactions, Species and Parameters, and its corresponding panel.

£ BioSpreadsheet v5.0 - [New Model]

File Edit ‘“iew Model Help

Name; I

Author: |

Description:

Figure C-3.5 BioSpreadsheet application window.

A model in BioSpreadsheet is composed of the model name, the species or variables, the
list of reactions and possible parameters. By selecting the desired tag, the appropriate
pane will be displayed.

Implementation of a model

In order to demonstrate the BioSpreadsheet editor, a circadian rhythm model will be
implemented. This model corresponds to the oscillations in the levels of core gene
expression due to negative feedback. The model uses a transcription factor (TF) which
undergoes multiple phosphorylation steps. Over the space of a day, TF proteins becomes
fully phosphorylated and relieve TF repression so that another "burst" of TF transcription
can occur, see Figure C-3.6.
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Figure C-3.6 Diagram of Circadian model.

Since the BioSpreadsheet editor only accepts models in the form of mass action
equations, the ODE model of Figure C-3.7 must be converted to mass action form.

dmRNA] _ *K—R_k [MRNA]

dt R Kg +[TF,] d
dTegl )

—k_[MRNA]-k_, [TF

" ol 1-kpnlTFo!
d[TF] _
T:kph[TFi_1]—kph[TFi] fori=1...11
d[TF, ] v_[TF, ,]

2 o e

! p *{TF,]

Figure C-3.7 Circadian ODE model. Parameters: Vr=7.0, Kr=0.0005, kd=0.2,
kp=0.2,kph=2.0,Vp=3.0,Kp=0.0001.

Converting a linear ODE is simple since every term represents a mass action reaction.
For example, the equation above:

d[TFO]—k [MRNA] -k _, [TF.]
d P ph* "0
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represents a linear production term and a linear degradation term. Two mass action
equations are needed, one for each term. Of course for mass balance, the degradation
term for Py is equivalent to the production term for P;.

k

TRy > TR

The nonlinear terms, such as those using the Michaelis-Menten formalism are more
difficult to convert into mass action form. Since the Michaelis-Menten formalism takes
advantage of the quasi-steady-state approximation, this assumption which reduces the
complexity of the model is not valid for a system of mass action equations, and must be
expanded to its original form.

In order to unpack the equations, new variables are needed. There are two ODEs of the
circadian model with Michaelis-Menten terms, the equations for mRNA and TF12. In the
case of the ODE for mRNA, the Michaelis-Menten term contributes to the production of
MRNA. While in the ODE for TF12, the Michaelis-Menten term is part of the removal of
TF12. It is not our intent in this manual to deal with the subject of converting nonlinear
ODEs to mass action equations. Figure C-3.9 provides the equations for the model of
Figure C-3.7 in mass action format. Figure C-3.10 illustrates the response of the mass
action equation model which is similar to the time course of the original model, shown in
Figure C-3.8.

" T T T T T T T T T T
70 80 50 100 110 120 130 140 150 160 170 180

Figure C- 3.8 Circadian model oscillations of mRNA (red), PO (green) and P12 (blue).
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TF12 + promoter => nlpromoter

nlpromoter => TF, , + promoter

F12
promoter => mRNA +promoter
MRNA => WmRNA

MRNA =>mRNA + TF0

TF. =>TF (for i = 0 to 11)
I I+1
TF ,+x=>TF ,D

12 12
TF12D => TF12 + X
TF ,D=>X

Figure C-3.9 Circadian model in mass action form. Rate values are: 18.2, 65.0, 130.0, 0.26, 0.26, 2.6
(i=0 to 11), 3.9, 39.0, 3.9.
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Figure C-3.10 Circadian oscillations of mass action model.

Entering Model in BioSpreadsheet

The BioSpreadsheet editor provides a Species panel for declaring the model species and
a Reactions panel that is used for entering model equations.

Click the Species tab to open the Species panel. Click the button Add, to insert a blank
line, as shown in Figure C-3.11.
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¥ BioSpreadshoot v5.0 - [New Mode] M=1E]
Fie Edl Veew Mudel Help

Reacton | Rate | Comment |

=y R

domaton | Speons. Rasdicns [Foranetns

Figure C-3.11 BioSpreadsheet Reaction panel.

Each term of the mass action equations is a species that needs to be defined in the
BioSpreadsheet Species panel. Only three species have initial values different from zero.
The initial value of mRNA is 3, promoter is 2, and x is 10. Figure C-3.12 presents the
complete species panel for the circadian model.

£ BioSpreadsheet v5.0 - [circadiamModel sbmi]

File Edit “iew Model Help

Reaction Rate Comment

=
=i
&
EEEEEEEEEEEEREEEEEE

add | Remove | capy |

Informatian | Species Reactions | Parameters |

Figure C-3.12 Species panel of BioSpreadsheet editor.

The next step is to define the reactions of the model. Select the Reactions tab in the
BioSpreadsheet editor. Use the button Add to insert a blank line in the panel. Select the
column you want to write in. There are 20 mass action equations in the Circadian model.
The final model should look like Figure C-3.12.
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£, BioSpreadsheet v5.0 - [circadianModel_sbmi]

File Edit “iew WMaodel Help

Reaction Rate Commant

TFlZ + promoter => nlPromoter 15.2
mlPromoter =»> TFl2 + promoter 65.0
romoter =» mRHA + promater 130.0
WENA => WmRENA 0.26
wENA => wRNA + TFO 0.26
TFD => TF1 rateP
TFL => TF2 rateP
TFZ => TF3 rateP
TF3 => TF4 rateP
'TF4 => TFS rateP
TFS => TF& rateP
TF& => TF7 rateP
TF7? == TFE rateP
'TFS == TF9 rateP
TF3 => TF10 rateP
TFL0 => TF1l ratep
TFll =» TFl2 rateP

TFlZ + x =» TF1ZD 3.9
TFLzD =» TFlZ + x 39.0
3.2

Add Remove Copy

Information | Species {Reactions | Parameters |

Figure C-3.13 Mass action equations for the circadian model.

The last panel we need to modify is the panel Parameters. Since all the phosphorylation
steps use the same rate constant, we can define the value as a parameter. Open the
Parameter panel by selecting the Parameter tab. Click the button Add to insert a new
blank line. Click the column with the mouse and enter the parameter rateP, click the Tab
key and enter the value 2.6.

In order to use the model file within the Dashboard, it must be saved in SBML format.
BioSpreadsheet provides an export function, in the File menu, in order to save the model
in SBML format. Click File>Export SBML to open a Save dialog box. For our example,
we have chosen the filename circadianModel .sbml.

To edit a SBML file, use the input SBML command to open the file in BioSpreadsheet.
Click File>Import SBML to open a dialog box to select the desired SBML file.
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Chapter C-4 Using the Dashboard

This chapter presents the Dashboard application, which is the environment for invoking
Bio-SPICE tools. The tools provided by the Dashboard are referred to as analyzers, and
any tool that is installed is represented by an icon in the analyzer pane. You will learn
how to construct a workflow and run a simulation, as well as how to visualize the results.

Dashboard description

The Bio-SPICE Dashboard is an environment for integrating varied data and tools useful
to biologists. The main categories of tools this environment was designed for are model
building, model analysis, experimental data analysis, and visualization. However,
conceivably any tool that analyzes, transforms, produces, or helps to interpret data could
be integrated into the Dashboard. The Dashboard functions in a manner loosely
analogous to UNIX shells (especially with respect to UNIX pipe facilities).

The Dashboard is based on the NetBeans application platform, a Java-based tool kit.
Tools may be written in any language, however, as the core Dashboard libraries provide
support for accessing non-Java tools that are network enabled, command-line tools, or
OAA agents.

Currently, facilities for Java and OAA tools are available, as well as support for TCP/IP,
web, and command-line tools via an XML wrapping API.

The Dashboard consists of two panes, a left pane for viewing analyzers and the file
system, and a right pane for the workflow editor and output visualization. The Dashboard
provides a library of tools that you can connect and configure for your needs. By default,
the Dashboard contains several basic analyzers, e.g., a table viewer and a data plotter.

Dashboard workflow

The Dashboard provides an environment where you can connect data files and the
various tools of Bio-SPICE. In order to connect the varied data and tools, the Dashboard
provides a workflow editor. The workflow editor allows you to define source documents
e.g., a SBML model file, and direct the document to a tool, e.g., an editor or a simulator.
The tools can produce output data which you can visualize with a graphing tool.

A workflow is an acyclic graph representing a high-level task that a user wishes to run.
The individual parts of this task are all the nodes in a workflow, and consist of all the
modules that will be run and the data they will be analyzing or producing. A workflow may
contain source documents, destination documents, and analyzers. A source document
represents data read from a file. Similarly, a destination document represents data being
written to a file. Analyzers may have any number of inputs and/or outputs. For a workflow
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to be valid, all required inputs and outputs from all nodes (documents and analyzers)
must be satisfied. In addition, all source and destination documents must have a file
associated with them. Analyzer inputs and outputs may be satisfied by connecting links to
other documents and analyzers of matching type. In addition, some analyzer inputs (for
example, text) may be satisfied by manually editing the input parameters.

In order to run the model we have developed with BioSpreadsheet, the stochastic solver
ESS needs to be downloaded.

Running the Dashboard

Windows users should find shortcut links on their desktop to the Dashboard, the OAA
factilitator, and the Dashboard Uninstaller. Double-click on the Dashboard shortcut icon

T Dashboard 7.0

o Shortout
E% e to launch the application.
To launch the application directly, locate the Dashboard's bin directory.

e« On Windows, this is most likely: C:\Program Files\Bio-SPICE\Dashboard[Version
#]\Dashboard\bin

e On Linux, this is most likely: Zopt/Bio-SPICE/Dashboard2.0.0/Dashboard/bin
The executable to run the Dashboard is named "runide"

e Windows users: double-click on runidew.exe. There is also runide.exe, which starts a
console window in addition to the Dashboard. Debugging and/or information
messages are sometimes printed to this console window.

e Linux users: run ./runide.sh

By default the Dashboard opens the workflow editor on the right pane, as seen in Figure
C-4.1. If you find the editor window has closed, you may open the workflow editor by
clicking Bio-SPICE>Open Workflow Editor. You may open several workflow windows
and use the workflow editor tab to select the desired workflow.
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Figure C-4.1 Default Dashboard with basic set of Analyzers.

Installing UTK-ORNL tools

In the previous chapter we briefly described how to install the tools from UTK-ORNL in
the Bio-SPICE Dashboard. The UTK-ORNL documentation describes the procedure on
page 3 of the README document.

Briefly, the file utkornltools.nbm must be installed by using Install Manually

Downloaded Modules from the menu Tools>Update Center. After relaunching the
Dashboard, the UTK-ORNL tools will appear in the analyzer pane on the left.
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Figure C-4.2 Dashboard with UTK-ORNL tools installed.

Opening a source file

The first step in creating a simulation workflow is to provide input data for the simulation.
This is called a source document. Click the menu Add>Document>Source as shown in
Figure C-4.3.

% Bio-SPICE Dashboard

File Edit Bio-SPICE “iew Tool ‘Wwindow Help

|ne®ajxnesde|as

| Filesystems |JAna\yzers x | =] Worklowy Editor - = ] | » LI
TreeView Category Folder Analyzer ‘Workflow Edit | Add Run  Zoom
|
Bi Analyzers by Location - Analyzer b |
= Dacument »

<A Local

A
ZI} Intermediate
ZI:‘ Diestination

id Calurnn to Timeseries

‘\ BioMat Eridge p
. BioSpreadsheet

| Biodata viewer

i% g Convert Data to Graph

@ Exact Stochastic Simulator LI Editing

Figure C-4.3 Add a source document to the Workflow editor.

The source document icon will appear in the workflow editor pane (see Figure C-4.4).
Click the document icon and right-click to open the pull-down menu. Click the item edit,
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as shown in Figure C-4.4. A dialog box will open which allows you to locate the file to load
as the source document.

% Bio-SPICE Dashboard
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Figure C-4.4 Edit the source document to select the input file.

Select the source file circadianModel .sbml and the file hame will appear above the
source document icon, as shown in Figure C-4.5.

Building a workflow

Constructing a workflow entails connecting the building blocks from an initial source
document to a final output document or plot. There are two ways to add a component
box to the workflow. Using the button Add, you may incorporate a source document or an
analyzer. As well, the analyzers presented in the component pane can be selected and
dragged onto the workflow pane. In order to connect two components, select the right
side of the leading component and extend the black line to the left side of the second
component. The Dashboard will allow you to connect two components that are designed
to be joined in a workflow, otherwise, attempting to connect two components that are not
designed to be connected will fail.
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Figure C-4.5 Insert a BioSpreadsheet analyzer in the workflow.

The source document is attached to the analyzer by connecting the output socket
(rightward protruding arrow head) to the input socket (leftward protruding arrow tail) of the
analyzer. Right-click the arrow heard and hold the button as you draw a line to the arrow
tail, as seen in Figure C-4.6. Once the connection is established the line will remain when
you release the button. Double-click the analyzer to open the analyzer parameter box to
confirm the input source document format. When this is done, the red line on the bottom

of the source document icon will turn to green, meaning the connection is established and
verified, as seen in Figure C-4.7.
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Figure C-4.6 Connect source document to analyzer in workflow.

The output from the ESS analyzer may be directed into the 2D Grapher analyzer which is
provided with the Dashboard.
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There are several ways of adding analyzers to the workflow. You may also select an
analyzer from the analyzer pane. Click the analyzer 2D Grapher and right-click to open
a menu, select Add To Workflow, as seen in Figure C-4.7.

% Bio-SPICE Dashboard

File Edit Bio-SPICE ‘View Toolz ‘“window Help
[ze®e|[twe aoe|eas

| Filesystems || 2ratyzers x | | =] worktiow Editor x} |
Treelfiew Category Falder  Analyzer ‘whorkflow Edit Add Run  Zoom
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& Local
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- ‘ BioSpreadshest

(Ll Biodata Viewer

- % Convert Data to Graph
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et Column from Timeseries

Exact Stochastic Simulater

et Rows from Timeseries

j Editing

Figure C-4.7 Add ESS analyzer from analyzer pane.

Figure C-4.8 shows the complete workflow. Click the ESS analyzer to open a dialog
window to set simulation parameters. Figure C-4.9 shows the three parameters that you
must provide, the print interval, end time and seed number, the values 1, 100 and 1 were
used respectively, within quotes (* ") due to the required string format.

[ Bio-SPICE Dashboard
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Figure C-4.8 Connect ESS analyzer to 2D Grapher analyzer in workflow.
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Figure C-4.9 ESS analyzer requires three parameters for simulation.

Save the workflow by clicking the menu Workflow>Save and typing the filename in the

desired folder. For this tutorial, we have chosen Tutorial _CircModelSim.wf in folder
tutorialExamples.

Running a simulation

With a complete workflow, it is possible to run a simulation and examine the time course
of the model variables.
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Figure C-4.10 Launching a simulation.
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To launch a simulation click the menu Run>Start. The Dashboard displays the
progression of the simulation by highlighting the analyzer of the workflow that is active
with a green square.

When the simulation ends, 2D Grapher will display the time course of the model
variables, as seen in Figure C-4.11.

Legend

Edit Graph Parameters |

Figure C-4.11 Plot of circadian model time course.

The results displayed with 2D Grapher show the time course of all the variable of our
model. Normally we want to limit the display to certain specified variables.

The 2D Grapher analyzer allows you to edit the variables to be displayed. To select the
variable you wish to display click the button Edit Graph Parameters. A window will
open, as seen in Figure C-4.12. Click the variables you wish to display, using the Shift
key to select blocks of variables and the Control (Ctrl) key to select multiple individual
variables.

70



% | 2D Grapher

= pAscending

= Descending

Dependent Yariables

"Group\ng

Group By ¢ - ‘
o |
Edit Graph Parameters |

Figure C-4.12 Using the 2D Grapher property option you may select specific variable to display.

Click the button Apply in the Graph Properties dialog box in order to update the display,
as seen in Figure C-4.13.

i BAME Legend

RMNA
0
12

Figure C-4.13 Workflow with 2D Grapher analyzer.

Updating a file

So far we have seen how to run a simulation using the Dashboard. After running a
simulation we would like to examine the behavior of the model using different parameter
values. In order to modify the parameter values we need to create a workflow consisting
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of a source document connected to the BioSpreadsheet analyzer. Click the edit menu of
the source document, as shown in Figure C-4.4, to load the file you wish to edit. Figure C-
4.14 presents such a workflow with the source document circadianModel .sbml that
was described in Chapter C-3. Click the menu item Run>Start to execute the workflow
and open the BioSpreadsheet editor with the desired file. Change the parameter value
and save the file by clicking File>Export SBML. In our case, export the model using
the same filename as before. Run the workflow with the updated parameters to view the
change in system behavior. If you provide a new filename, the new filename will have to
be provided as the source document, which you may change my right-clicking the icon
and clicking the item edit.
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Figure C-4.14 A workflow to open BioSpreadsheet editor to update file.
Installing Additional Tools in the Dashboard
In the previous section, we saw how to construct a workflow and run a simulation.
There are several ways of installing tools in the Dashboard. The Dashboard provides a

way to connect to an update center from which you may select and download tools.

Click the menu item Tools>Update Center to open the Update Center wizard, seen in
Figure C-4.15. Click the button Next to view the possible updates available. The wizard
will connect to the Bio-SPICE web site and download the list of available components.
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Figure C- 4.15 The Bio-SPICE update center wizard.

Scroll down the list of possible downloads and click the tool you need. Click the right
arrow to move the module to the right pane titled include in install, as seen in
Figure C-4.16.
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To view any license agreements and then proceed with download, click Next,

< Back | I{ExE = | Firitsi I Cancel | Help |

Figure C-4.16 Update center wizard with list of available downloads.



Click the button Next to download the program, you will be asked to accept the License
Agreement. Click the button Finish in order to install the tool.

If the tool is properly installed, you will see the icon in the analyzer pane, after restarting
the Dashboard.

Importing an Analyzer

Tool analyzers may be defined by an xml file which can be installed in the Dashboard by
using the import Analyzer command. Click the pull-down menu item Bio-SPICE>import
Analyzer to open a dialog box which displays the file hierarchy. Traverse the file
structure in order to reach the folder/directory of interest. Click the file toolName .xml and
click the button open. After importing the analyzer, the Dashboard needs to be restarted
to show the analyzer icon.
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Chapter C-5 Using Bio-SPICE Tools

The Bio-SPICE toolkit consists of the Dashboard application and numerous types of tools.
Users are provided with model editor tools, simulators, database tools as well as

visualization tools.

The Bio-SPICE web site, https://biospice.org/index.php provides the tools that may be
incorporated into the Dashboard. The listing of the tools may be viewed in several ways,
by alphabetical order, by order of organization that developed the tool, or by order of

functional category.

Systems Blology

&8 Bio-SPICE |5z

ABOUT

RESEARCH

PRODU

Evenis Calender  Site Map  Request Support My Account

Search

Log Out

OCCTE
) ..by Functional Catelgr i

Bio-SPICE Tools

By Tool Name [By Organization [By Category Printer Friendly Version

The Bio-SPICE core application allows most lools to be downloaded via the Bio-SPICE Dashboard’s Update Center.

== Only the primary functional categories are specified. Some tools can functionally fall under different categories.

Organization

Tool Hame

“*Primary
Funcitonal
Category

Summary

CalTech

SOS Tools
view_detail

Iodel
Analysis

S0S Tools solves feasibility or optimization sum of squares problel
third-party Matlab toolbox. The solution is arrived at by performing sufil
squares decompaosition for multivariate polynomials, which is efficig|
computed with semi-definite programming

Columbia

(Geneways
View_detail

Data Analysis

Geneways allows access o the Geneways Database, which contail
from aver fifty full text journals. Users can add additional information
literature to an existing biochemical model

Harvard

Biowarehouse2 SBML
View_detail

Dala Analysis

Biowarehouse2SML extracts stoichiometric and reversibility conditiol
reactions in a pathway in the BioWarehouse, producing an SBML mg
suitable for metabolic flux analysis

Harvard

Fluxor Computational
\Analyzer
view_detail

Data Analysis

Fluxor Computational Analyzer performs flux predictions resulting fro
reactions, selected by the user, having their fluxes limited or complef
disabled

Harvard

Fluxor Spreadsheet
View_detail

IModel
Composition
&

Visualization

Fluxor Spreadsheet provides a spreadsheet-like interface to allow ug
specify nutrient conditions, external metabolites, and gene knockout;
display the results of various kinds of flux predictions

Indiana

JDesigner
dail

Iodel
Composition
e

[JDesigner provides a visual biochemical network simulation tool tha
the Systems Biology Workbench, permitting users to graphically spef

4

model, derive the representative set of differential equations autuma
el

Home  Evenis Calendar

Site Mep  RequestSuppord My Acsount  Log Out

Figure C-5.1 Bio-SPICE tools listings by organization.

The tool page provides a description for each tool which can be accessed by clicking the

link in red View_detai l after each tool name.
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Appendix C-1: Bio-SPICE Components List

Organization Tools Web Site

CalTech -  California | SOSTools https://biospice.org
Institute of Technology

Columbia GeneWays http://geneways.genome

center.columbia.edu/

Harvard BioWarehouse2SBML, Fluxor | http://arep.med.harvard.
edu/moma/

KGI -  Keck Graduate | JDesigner, Jarnac, MetaTool, http://sys-bio.org

Institute Optimizer, SBWMatlab

LBL — Laurence Berkeley | HomologFinder, http://biospice.lbl.gov/P

Lab SensitivityAnalyzer, athwayBuilder/
Pathway Builder

NYU - NYUMAD, http://bioinformatics.nyu

New York University MYUSIM, Simpathica .edu/Projects/Simpathica

MolSci — The molecular | MONOD http://monod.molsci.org/

science institute

SRl - Stanford Research
Institute

BioWarehouse, BioMatBridge,
SAL, Hybrid  Automata,
Symbolic Reachability Tool

http://bioinformatics.ai.s
ri.com/

TJU - Thomas Jefferson
University

CloneUpdater,
MetaCluster, PAINT

http://www.dbi.tju.edu/d
bi/tools/paint/

Indiana University

CellX, Karyote Cell Analyzer,
Karyote Genome Analyzer

https://systemsbiology.in
diana.edu/cellx/

UCLA - University of
California at Los Angeles

GeneScreen, IcDNA,
MIAME Spice, NCA

http://www.ee.ucla.edu/
~riccardo/

UCSB - University of | BioSens http://www.chemengr.uc
California at Santa Barbara sb.edu/~ceweb/faculty/d
oyle/biosens/

UNC - University of North | BioNets http://x.amath.unc.edu:1
Carolina 6080/BioNetS/

UPENN - University of | Charon http://www.cis.upenn.ed
Pennsylvania u/mobies/charon
UTK-ORNL BioGrid, BioSmokey, http://biocomp.ece.utk.e

University of Tennessee and
Oak Ridge National Labs

BioSpreadsheet, ESS,
OctaveBridge

du/

VaTech — Virginia Institute | BioPak, JigCell http://jigcell.biol.vt.edu/
of Technology
WRAIR - Walter Reed | GeneCite, Pathway Screen

Army Institute of Research
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Appendix C-2: Bio-SPICE Usability Testing

Five models were used to test several Bio-SPICE tools, editors and simulators, in order to
evaluate tool usability. The five models used were:

» Circadian rhythm, mRNA transcription and protein phosphorylation
(Smolen P et al, J Neurosci, 21:6644-6656, 2001)
14 ODEs; 20 mass action reactions.

» Circadian rhythm I, mRNA transcription and protein phosphorylation
(same as Circadian rhythm scaled to 95 ODEs; 100 mass action reactions.)

» Cell division cycle, cdc2 and cyclin interactions
(Tyson J, PNAS, 88:7328-7332, 1991)
6 ODEs; 14 reaction equations.

* Allosteric model for glycolytic oscillations
(Goldbeter A & Lefever R, Biophys J, 12:1302-1315, 1972)
2 ODEs (minimal model)

* Memory induction
(Pettigrew D et al, J Comp Neurosci, 18:163-181, 2005)
16 ODEs; 39 reaction equations.

The simulators/editors were evaluated (when possible) with both a code specific
implementation of the model using the editor tool and a SBML version which is supposed to
be interoperable between simulators/editors. The table below indicates which models were
tested with the various simulators/editors. These models can be found at the web site:
http://nba.uth.tmc.edu/darpa/ click menu MODEL CODE to find a copy of the table with links to
the various models. PDF documents of posters presented at DARPA Bio-SPICE conferences
can also be found in the Document page (click menu DOCUMENTS) as well as the Getting
Started manual and Jarnac Use Case document.
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Circadian Circadian Cell Division | Allosteric Memory
Rhythm | Rhythm |l Cycle Glycolytic Induction
Oscillations
code SBML | code SBML | code SBML | code SBML | code SBML
specific specific specific specific specific
BioSpreadSheet/ CR CR CR100 CcDC
ESS
BioSketchPad/ CR CcDC
Charon
Jarnac/ CR CR CR100 CDC CDC | AGO MI
JDesigner
JigCell CR CR CR100 CDC CDC | AGO MI MI
Simpathica CR CR CR100 | CR100 | CDC CDC
BioNets CR CR100 CcDC
PathwayBuilder CR CR CDC CDC
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Appendix D - SBW (Jarnac) Use Case

This use case describes how to use the System Biology Workbench (SBW) Jarnac simulator.
This simulator is a general purpose simulator that can solve any ODE model. The editor is a
text-based and provides a solver. You can export the model to SBML and use other solvers
or run the Jarnac engine and view the time course with the Jarnac viewer, or use the
Dashboard with the Grapher analyzer.

This use case is divided into the following sections:
e Download SBW and analyzer
e Modeling with Jarnac
e Dashboard workflow simulation and Interoperability

Download SBW and Analyzer

Jarnac is part of the SBW software package. You can download the SBW package from
SourceForge.net, follow the link from http://sbw.kqgi.edu/.

The analyzer needed to run Jarnac through the Dashboard can also be found through the
sbw.kgi.edu site.

After downloading the SBW software install it on your computer.

Modeling with Jarnac

Once SBW is installed you should find a folder named Jarnac as well as a folder named
JDesigner. You can launch the Jarnac application by double-clicking on the Jarnac

T
Jamac
application icon @ .

For this use case, we will implement an allosteric model for glycolytic oscillations by
Goldbeter and Lefever, 1972, also published in Goldbeter 1990. This reduced model, of two
ODEs, using a quasi-steady-state hypothesis and dimensionless variables; shows
oscillations of substrate and product concentrations. The equations are presented in Figure
D-1. It is clear that the nonlinear function for theta does not permit a simple conversion to
mass action equations. For this reason the editor BioSpreadsheet can not be used. The
Jarnac editor is appropriate as a general ODE editor. Figure D-2 shows the Jarnac editor
with an implementation of the model of Figure D-1.
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Figure D-1. Simplified model of glycolytic oscillations (parameter value used in Figure D-2: n=2,
v=0.2, s=1000, ks=0.1, q=1, L=7500000, c=0.01, e=0.1, ep=d=0).
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defn GoldbeterModel
var n , v, 3, &, 49, ks, g, L, c, e, ep, el, e2;

[3a1] a -> g: (s*are* (l+a%e)* (1+g) 2]/ (L* (1+a%c) ~ 2+ [ (L+a%e) % (14+g) 7)) :
[a2] el -> ar s
[gl] g -> e2; ka*g;

trunc (hours/hStep) ;
dataPoints, &)
startTime = timer;

for i = to dataPoints do
begin
t = p.3im.OneStep(t,hStep);
m[i] = {p.time, p.g, p.a};
end:
endTime = timer;

println "Simumlation time (sec) " , (endTime - =ztartTime)/

graph (m);

GoldbeterModel jan Insert SBW Status: 7 Module Star

Figure D-2. Jarnac simulator with Goldbeter glycolytic oscillator model.

Jarnac application provides a full text editor where you type your model followed by the
commands to execute the model. There are several ways to solve the equations of a model.

Figure D-2 shows the use of a variable p for the definition of the model in order to be able to
convert the model to SBML.
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Jarnac provides commands to load, save or generate SBML code from a model. Using a
object-oriented framework, Jarnac provides methods called on the model to carry out the
desired operation. For example, in order to generate SBML level 2 code from a model, the
command xmI2(*““Filename.xml’”) is called on the variable representing the model, such
as p in Figure D-2.

Defining a model variable provides us with better control of the simulation step, so that we
can single step the computation and test for conditions.

Once the model is entered using the editor, the user clicks the run icon in order to solve the
equations.
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Figure D-3. Jarnac display of model variable time.
The model presented in Figure D-1 shows oscillations in substrate, presented in Figure D-3.

The next step is to build a Dashboard workflow in order to simulate the model using the
Dashboard.
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Dashboard workflow simulation

Before launching the Dashboard, you must install the SBW analyzer in order to have access
to Jarnac and JDesigner from the Dashboard. Download the analyzer and double-click on
the application in order to install it.

Once the analyzer is installed, launch the Dashboard. Figure D-4 illustrates the workflow and
resulting time course plot and table data.
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Figure D-4. Dashboard with SBW anlayzer, glycolitic oscillator model, workflow and resulting table
data and time course graph.

We can also test interoperability between different simulators with this workflow, using the
circadian model we previously developed.

83



References

Goldbeter A, Lefever R (1972) Dissipative structures for an allosteric model. Application to
glycolytic oscillations. Biophys J, 12: 1302-1315.

Goldbeter A (1990) Rythmes et chaos dans les systémes biochimiques et cellulaires.
Masson, Paris, 304 pp.

84





