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What is SBW
Research Impact
Published Papers

Lab Members

Available Positions
CSB Links

Courses

Announcing the Joint SBW &
CompuCell3D Workshop August 2011

We are pleased to announce Joint User-Training Workshop
"Developing Multi-Scale,Multi-Cell Developmental and Biomedical
Simulations  with CompuCeIIBD and SBW". It will focus on
teaching the basics of multi-cell, multi-scale modeling using the
open-source packages CompuCe\IBD and SBW. For more
information see our Workshop Page

Version 2.8.3 SBW July 2011

We are pleased to announce the release 2.8.3 of the Systems
Biology Workbench.

Student Projects

[Online Servic

SBML Layout Viewer
SBML Validation
SBML Simulation
SBML Translator
Web Service Creation
Maodel Repository

Software
Downloads:

1. SBW

2. JDesigner

3. Jarnac

4. WinSCAMP

5. Matlab Interface
6. Optimization

6. Bifurcation

maintained by Frank
Bergmann

SOURCEFORGEMET

& tommaee
‘Workbench

DOWNLOAD Windows version of Systems Bioloi
rkbench: 2.8.3

Go to Sourceforge page for other 0S specific downloads

This link will actually install 2.8.2, however find the update utility
in the start mennu under the Systems Biology Workbenach entry
and start the update, this will retrieve and install 2.8.3.
Annoucement:
Hosted by Rosa

Modeling Webinar

A webinar will be held on Tuesday 26th of July at 12:00 to 1:00
pm EDT on Standards and Software in Biomedical Systems
Modeling. Register here if you wish to attend

The webinar will describe the development of biomedical
modeling standards during the last 10 years and how that has
stimulated a great many other initiatives. Dr Sauro will also
describe software developments he has been involved in and
possible future developments in high performance computing and
real-time simulation. He will demonstrate software and discuss
future plans for the current suite of systems biology modeling
tools.

Rosa is a company that specializes in creating robust

mathematical models that simulate drug effects and trial
outcomes. See their Web site for further details.

Group Blogs and Web Pages

Visit our group blogs at:
TinkerCell Blog by Deepak Chandran

AnalogMachine Blog: Cells, Networks and Computation

May 09 2011: New Version of
Tinkercell

There is a new wersion of
TinkerCell awailable. The new
version incorporates ruby
scripting, octave scripting,
callback functions from Python
and Octave, optimization and

global sensitivity plugin,
improved display features plus
numerous bug fixes

(www.tinkercell. cum)

Feb 02 2011: Fan-out in Gene
Regulatory Networks

In synthetic biclogy, gene
requlatory circuite are often
constructed by combining smaller
circuit components. Connections
between components  are
achieved by transcription factors
acting on promoters. If the
individual components behave as
true modules and certain module
interface conditions are satisfied,
the function of the composite
circuits can in principle be
predicted. This paper describes
how the fan-out of a genetic
circuit can be defined - J Biol.
Eng (2010) Kim & Sauro, 4:16.

Jan 14 2011: Nature Biotech
Letter on Synthetic Biology

Joint letter to Nature
Biotechnology published:
Essential information for

synthetic DNA  seguences.
volume 29(1), January 2011
Nature Biotechnology

Nov 22 2010: Robust Synthetic
Circuits

New paper published: Designing
and engineering evolutionary
robust genetic circuits in Journal
of Biological Engineering, 4:12,
2010, doi:10.1186/1754-1611-4-
12. An investigation into what
snables  synthetic circuits  to

m
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Related Resources

Storage Efficiency Calculator

This proven modeling tool is based on patent-
pending intellectual property that has been
used successfully in hundreds of IBM storage
optimization engagements, worldwide. Learn
how to: Store less, Store more with what you
own, Move data to the right place. Try It
Now!

S—

A

Adobe




INSTALLATION FOR LINUX/0OSX

From jdesigner.sf.net

stems Bology Scftware

D f
Sl S8 © soucforeret ki € 3 C A Osoucetorgenet e Y% 20Workaench A
Saindot @ Dushbowd GO0t Q@ Oy P Pys0rg [ STOR The .. G2 Delgh ) U L () dtl2asirpice.. 4 ForgatonBoks () Snguliy b
- [ Sisshdot (§) Dashiboord B CNN (@) Digg 2P PhysOrg [ JSTOR. The BrtshJ.. P Delphi  (§) UW Libraries (§) datal2.dafunpic.de... & Forgotten Books =
sourceforge Browse Blog Support Regiter Login
sourceforge Browse Blog supparc Register Login
s L e e
R & , Find a Job. Lo Qe Doy Stephen Wellman's new blog:
;‘_,_,_’/;,4: Get a Date. d ook ) More with Less' ¢ 18M BladeGenters with intele Xeon® processors =
- R ———r Va & # Geeknet &3¢ [ 3oin Us Now! | 1 Can save you up to 40% on networking.” t
Systems Biology Software Project by fgemann, hsauo, i, spoladog B e e SR Replay D I
Summary Fies Reviews Support Develop Tracksr Forums Code

Systems Biology Software Project by ergmann, hsauro, vario0

spaladug

s A ans o summary Files Reviews Support Develop Tracker Forums Code

Project Home

Looking for the lat

sion? Download SBW-2.8.2 win3Z installer.exe (65.2 MB)

Home / Systems Bialogy

lorkbench E)

develop

Name ¢

- Modified ¢ Size * cm, G H
& Eere The s Guide t«

20110318
20100802
i Related Resources 2010-05-14
e rorage Efficiency Calculator - 280 2010-05-10 Suats
- 5 " % -, 2710 2009-11-02 Stars
- 2.7.9R2 2009-03-12 £
=T =278 2008-08-19 open
— I Featured product * SOURCE
- 277 2008-04-02
Discover Collaborative
= - - 276 2007-1113 sl
fr— Content Management with
- 2007 08 15 P Nitven Pariimant Mananamant =
- This type of file can harm your computer, Are you -
L3 e you mant o downlons SN2 statermer  |_Seve | [ Discaa 0 Show all deownle

B Sytems Bilogy Softwre

€ - C f O sourceforgenet/p i 2 2 A
A Ssshdct (@ sshbowed [ NN @ Digg P PhysOrg [ SSTOR The Brsh . @ Delghi ) UW Liaries (3 datal2.dafunpic.de.. & Forgatien Backs =

Linux/OSX is not ARG

=

=8 Converged Networks
rprise content a) Resource Center

the fully version due =

Systems Biology Software Project by fbergmann, hsaur

wari007. spaladug

Recommend using the | =

Looking for the fa

Y Workbench / 2.1 EY

Modified ¢+ Size *

4 Parent folder

Windows version. A pure ——

£33 Bytes
. UbuntuBukd-READVE. txt 20000731 783 Bytes =
cross-platform version ,
-
ms_Biology_Warkbench.i686. targz 20100731 ME

Systems_Biology_Workbench.i6g6-

may be released next year.

xentar gz 2010071 7033 MB

Vorkbench i685.2 8 1.vmx tar gz 20100731 6711 MB

iso 20100730 5720 MB

20100730 1396 MB

re0ec0cec0ececeoe

e . anannran w4 we

“Thistype of file can harm your computer. Ace you
A sire you wantto dovenlosd SBW-24..ctslerexe? Swe || Dacard O show ol downlosd, X




. ProProfs
) Qucs
) QuickBooks
) QuickTime
, scilab-511
| Skype
. Sophos
J Startup
. Systems Biology Workbench
& Send Feedback
{3 Uninstall
& Website
. Analysis Tools
. Databaszes
, Docs
. Layout
. Model Editors
J Simulation
, Translators
. Utilities
. TinkerCell
, VistaCodecs

Systems Biology Workbench

Holly
Documents
Pictures
Music

Games
Recent Items
Computer
MNetwork
Connect To
Control Panel
Default Programs

Help and Support

@




Systems Biology Workbench

, Startup
. Systems Biclogy Werkbench
£ Send Feedback Holly
{3 Uninstall
€| Website Documents
. Analysis Tools
. Databases Pictures
! BioModels Importer
| Docs Music
. Layout
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, Startup
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{3 Uninstall
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. Databases Pictures
! BioModels Importer
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. Layout
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adl SEML Layout Viewer
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Recent temns

. . Computer
A main entry point for many users > (2 Simulation Tool i
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Systems Biology Workbench

Access to biomodels
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BioModets Database Is a data resource that allows biologists fo store, search and refrieve published mathematical models of biological inferests, Models present in BloModels Database are annotsted and linked to

relevant data resources, such as publications, databases of compounds and patfways, controlled vocabularies, ste
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Systems Biology Workbench

Layout networks
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. Systems Biclogy Workbench
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Systems Biology Workbench

Collection of integrated tools.

Systems Biology
Workbench
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Terminology

loadedFromSBW

File SBW Took Help

D& E =K

Biochemical
Compariments

Global Duanilies
Parameler Overview
Mathematical
Tasks
# Steatytate
Steichiometry
Tive Course
Result
Metabolic Contiol Analysis
Lyapunoy Exponents
Muitple Task
Output
Functions

< i i >

19 (development) bergman/loade dFromSBW. cps

Status | Name | Enuation Rate Law
1 J0 Extemal gucose > Glucose function_4_J0
2 1 Ghicase + 27 ATP - fiuctose_1_§_bisphosphale + 27ADP function_4_J1
3 42 tructsse_1_6_bisphosphate -> 2 * ghceraldehyde_3_phosphate function_4_J2
4 J3 alceraldshyde_3_phosphate + NADH - NAD + Glycerol function_4_J3
5 44 olpceraldehyde_3_phosphate +ADP + NAD -» ATP + glycerate.3_phosphate + NADH _funciion_4_J4
6 U5 alpcerate_3_phasphate + ADP > ATP + pynuvate function_4_J5
7 U6 pywvate > Acelladehyde function_4_J6
8 J7  Acelyladehyde + NADH - NAD + ethanol function_4_47
9 U8 Acelpladehyde - Extemal_acelddehyde function_4_J9
10 43 ATP ADP function_4_J9
11 J10 Extemal_acetadehyde > Sink function_4_J10

Copasi Plot: Concentrations and Global Quantity Values

fint Save data,

[of ations and Global Q

Values

12

-~

10

8

s
of

|

4
T tn b I drdos b bl
oy

2 Lttt
v L) '“

n S SR s dte el e T
| T T T T T T T T T 1
0 2 4 6 8 10

— [Glucose] |~ lfuctose_1_6_bisphosphate| — [abceraldshycs_3_phosphate]| — [abeerote_3_phosphate] | — [pyuvate]

— Ibcelyladehyde] | — [Extemal_acelaldehyde] |~ [ATP] |~ wom |- tvapy

— [N&DH]

SBW Module

12



Terminology

fbergmantloade dFromSBW.cps

File SBW Took Help
C— SBW Module
Status  Name  Equation Rate Law
1 Ja Extenal_glucose > Glucose function_4_J0
2 U1 Gluose +2*ATP > mctose_1_6_bisphosphale + 2" ADP funclion_4_J1
3 42 fructose_1_6_bisphosphate -> 2 * glyceraldehyde_3_phosphate function_4_J2
4 J3 alpceraldehyde_3_phosphate + NADH - NAD + Glyceral function_4_J3
Parunete Ovenvien | |5 44 aosradehyde_3_phosphote + ADP + NAD - ATP + ghierate_3_phosphale + NADH _function_4_14
Mathematical 5 5 glycerat_3_phosphate + ADP -5 ATP + pyruvate function_4_I5 -
Tasks 7 JE pyruvate -> Acetpladehyde function_4_J& e rV I C e
) SteadyState 8 47 Acetisdehyde + NADH - NAD + ethanol function_4_J7
Staichiometry
i Conee 9 U8 Acolladehyds » Exemal_ecsladehyde funglion_4_8
Result 10 Ja ATP - ADP function_4_J9
Metabols Contiol Analyss| |11 410 Evtemal_acetaidehyde - Sink funclion_4_111
Lyapunov Exponents 12
Multple Task Copasi Plot: Concentrations and Global Quantity Values
Output  Print Save dats - -
Functions . )
[of ations and Global Q Values
12
E I I I I t E t- t-
o
< Im i 3 g
4
T tn b I drdos b bl
2
e T
i 7 i 7 i 7 i
2 4 6 8 10
— [Glucose] |~ lfuctose_1_6_bisphosphate| — [abceraldshycs_3_phosphate]| — [abeerote_3_phosphate] | — [pyuvate]
— Ibcelyladehyde] | — [Extemal_acelaldehyde] |~ [ATP] |~ wom |- tvapy
— [N&DH]




Terminology

fbergmantloade dFromSBW.cps

File SBW Took Help

B3

e

Parameler Overview
Mathematical
Tasks
i) Steady-Giate
Steichiometry
Tive Course

Result
Metabolic Contiol Analysis
Lyapunoy Exponents
Muitple Task
Output
Functions

i i >

Status  Name  Equation Rate Law
1 Ja Extenal_glucose > Glucose function_4_J0
2 41 Glucase + 2*ATP > fuctose_1_6_bisphosphate + 2 ADP function_4_J1
3 42 fructose_1_6_bisphosphate -> 2 * glyceraldehyde_3_phosphate function_4_J2
4 J3 alpceraldehyde_3_phosphate + NADH - NAD + Glyceral function_4_J3
5 J4 alyceraldshyde_3_phosphate +ADP + NAD -> ATP + glycerate_3_phosphate + NADH  function_4_J4
5 J5 glycerat_3_phosphate + ADP -5 ATP + pyruvate function_4_I5
T JE pyruvate -> Acetpladehyde function_4_J&
8 57 Acetyladehyde + NADH > NAD + ethanal function_4_J7
El 8 Acetyladehyde -> Extemal_acetaldehyde function_4_J8
1o )9 ATP > ADP function_4_J9
n J1o Extenal_acetaldehyde -> Sink function_4_J10
12
Copasi Plot: Concentrations and Global Quantity Values
© Print Save data
[of ations and Global Q ity Values
2
10
8
<
e
]
4
T tn b I drdos b bl
2
000 T
7 7 7 7 i 7 i
2 4 B 8 10]
— [Glucose] |~ lfuctose_1_6_bisphosphate| — [abceraldshycs_3_phosphate]| — [abeerote_3_phosphate] | — [pyuvate]
— Ibcelyladehyde] | — [Extemal_acelaldehyde] |~ [ATP] |~ wom |- tvapy
— [N&DH]

SBW Module

SBW Service

SBW Methods

loadSBML(model
setParameters(v)
simulate()
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Behind the Scenes

Module 1
SBW C++ Binding



Behind the Scenes

Module 1
SBW C++ Binding

SBW Broker



Behind the Scenes

Module 1

SBW C++ Binding
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SBW C# Binding

Module 3
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Behind the Scenes

Module 3

SBW Cit Binding

Module 1

SBW C++ Binding

@

SBW C# Binding

Module 3
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0¢]
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Behind the Scenes

Module 2

Module 3
SBW C# Binding

Module 1

SBW C++ Binding SBW C++ Blndlng

Module 1

SBW Broker

SBW C# Binding

Module 3

sulpulg eaer p\gS
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Behind the Scenes

Module 2

SBW Java Binding

Module 3
SBW C# Binding

Module 1

SBW C++ Binding SBW C++ Blndlng

Module 1

SBW Broker

SBW C# Binding

Module 3

sulpulg eaer p\gS
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Motivation




Modular Approach

SBML Support




Modular Approach

LAPACK

Module




Modular Approach

Structural Analysis

SBML LAPACK
Support Module




Modular Approach

Simulator

Structural LAPACK
Analysis Module




Modular Approach

Modeling Environment

Further
Analysis
Modules

Layout

Simulator Module

LAPACK J Structural
Module Analysis
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How is interchange accomplished?
By Community Agreed Standards

SBML (Systems Biology Markup Language): de facto standard for
representing cellular networks. A large number (>200) of tools support SBML.

CellML: Stores models in mathematical form, therefore is quite general, but

biological information is lost. Not possible to reconstruct network. Less than a
hand-full of tools support CellML

SBGN: A proposed standard for visually representing cellular networks. No
persistent format has yet been devised which limits its use in software.

Open but ‘non-standard’ Representations

Jarnac and JarnacLite: Script based format for describing networks, can be
easily translated to and from SBML.

Antimony: Script based modular format (extension of Jarnac) for describing
networks, can be easily translated to and from SBML and Jarnac. (and soon CellML)

BioNetGen: Rule based scripting language for describing networks



3 Main Page - SEML.org - Mogzilla Firefox

File Edit View History Bookmarks ScrapBook Tools Help

-

- c Q G http://sbml.org/Main_Page

B v -] [+ Goost

2 Mast Visited P Started 5 Headlines I BBC gy Slashdot [ll] CNN & NYT =) Digg & ABC (§ OSNews

L

(8 Main Page - SBML.org

GBML org

% News Documents Downloads Forums Facilities Community Events

Welcome to the portal for the Systems Biology Markup Language (SBML),

a computer-readable format for representing models of biological processes.
SBML is suitable for models of metabolism, cell signaling, and other processes,
and has been evolving since 2000 thanks to an international community of
researchers.

For the curious

What is SBML? Read our introduction, then perhaps browse the
mailing lists to get a sense for what's going on with SBML
today.

For modelers

Looking for software that supports SBML? Our software guide
lists over 180 systems today. Are you instead looking for
models? Visit the BioModels Database ¥, where you can find
hundreds!

For software developers

Interested in supporting SBML in your software? Read our basic
introduction and then the SBML specifications to understand
how to use SBML. After that, you may want to look at libSBML.

Mo matter how you use SBML, we invite you to sign up for news updates either
through our RSS feed, our Twitter feed &, or one of the mailing lists, and get
involved with community efforts to help keep improving SBML. You can also
call attention to your project's support of SBML by displaying the SBML logo.

SEML would not have been possible without support from multiple agencies
and organizations, as well as intellectual contributions from many motivated
individuals, including the major contributors who are shaping SBML Level 3.

0 sHAre EEE . | sourcefOFge |

Tracker IP Address

L

The Systems Biology Markup Language

About § @

SBML News

SBMLToolbox 3.1.21

(27 Apr.'10) Another minor
bug-fix release of our free MATLAE
toolbox for SBML is now available.

SBMLToolbox 3.1.1¢

(12 Apr.'10) & minor bug-fix
release of our free MATLAB toolbox
for SBML is now available.

Older news ...

Community News

COPASI 4.6 Released &%)
(22 Jul.'10) The new stable

release of COPASIEF adds support for
events, new stochastic algorithms,
and SBML L2v4,

cellDesigner 4.17 &‘—:_D
(30 Jun.'10) CellDesigner &

is a full-featured modeling
environment with a GUI. This release
adds SBML L2wv4, SABIO-RK, MIRIAM
PANTHER, SBGN and other support.

Cain 1.4 released! & &’—:_D
(31 May.'10) Caind is a

stochastic simulator with highly
efficient implementations of many
methods.

Older news ...

Web Stat €' Yahoo! ™ Future Skill
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) Systems Biology
UD Waorkbench

Bifurcation Discovery Tool
Chemical_Langevin_Equation Simulation Service
COPAST (SEW Dew, Wersion)

CMODE Simulation Service

Dizzy Simulation Service

edu.kgi.roadRunner Simulation Service
Frequency analysis Module
Gibson_MRM Simulation Service
Gillespie_DM Simulation Service
Gillespie_FRM Simulation Service . 0 e
GillespieGEUI S e
Jacobianiewer

Jarnac Simulakion Service

ICesigner

Layaut Mebwark, T [J -
LS00 Simulation Service

Oscills GUI ; B

Save Model as Matlab ODE Function File : O =

Save Model as Matlab SinnuLink Function File L ;
SEML lavouk reader (GLI; L = Co——— =
e Simulate 30 (OpenGL)

' K I Structural Analysis Tool




Example Workflow

Script
based
Model
Editor

Bifurcation
Discovery
Tool

Script Graphical
Frequency tli/lii)sctlegl Network

Analysis

Editor Editor




General Simulation Tool

File  Tools Options

Dota  SEW Help
@ =B [~ B
Sorpting | SED-ML _ Freferences | Steady Stale | Timecoume

DFHES =
Prisiyas

Defined Sgnals:

7] Pulse Nodel: from: D624 to: 1,54
] Ramp Noded: from: 1843 to: 4 97,
2] Sine Nodel: from 6,390 1o: 8.431

End Time: 100

Concentration(s)
-

Options  Data  SBW  Help

NEHdS D e wa . @

uﬂ&

Time Course:
Simulation

Timecourse
{eontinuous)

Simulation Parameters:

Simulation Result

T —
—— Acetyladehyde
Number of Points External_acetaldehyde
Glucose
L —— fructose_1_6_bisphosphate
—— ADP

glyceraldehyde 3_phosphate
NAD

pyruvate
glycerate_3_phosphate

@

=

2

®

}_phosphate: =
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@

o

External_scetaldehyde 5

o

o

te_3_phesphate o

uctose_1_6_bisphosphate 2

IADH Q.

oP [
i ;_‘

L —

time

padRunner - StochaticModel_1
SBW
w B |

fences | Steady State | Timecourse |

Help

1]

I P V- S

I

a0 1

Time Course Simulation

) Fox Y A 0 1)

Signal Injection

Orevsn [ o

30 +

20 +

meter  Pulse / Scan Rate vs Signal Structural
an Species Injection Analysis
StochaticModel_1
0.05
55 o
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General Simulation Tool

Gillespie Structure Biomodels Simulator SBML
Library Analysis DB RoadRunner Support
Python R

oy J,WHMM
AR

Other Types of
Plugins, eg GUI
(See next slide)
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General Simulation Tool

Current Set of Plugins:

Time Course Simulation

Steady State including MCA

Parameter Scans

Signal Injection

Frequency Analysis

Analysis of Stoichiometry Matrix

SED-ML (describing simulation experiments (experimental!)
Species versus rate tool

Python Scripting with access to the internal object model

©ONOORAWNE
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Try a Simple Simulation

1. Start the Simulation Tool

2. Click on the new button (top left)

/

Simulation Tool: Roa

‘ Ll Simulation Tool: RoadRunne
l m, Tools  Options Data  SBW  Help

(s a e

File  Teools Optior

DEHEHS [F |

Analysis | Scrpting | SELC




Try a Simple Simulation

The model editing window should appeatr,
type the following in the window: T T I — ===

File  Edit SBW Help
DEHS 2R @X & 2 . B | O

p = defn cell
S1->S2; k1*S1,;
S2 -> S3; k2*S2;

end,;

p.S1 = 10;
p.S2 =0;
pP.S3 =0;
p.k1l =0.34;
p.k2 =1.3;

Make sure you hit return after
the last line!

model loaded
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Try a Simple Simulation

Move the mode to the simulation

Toolbyclickingon: — (o e =

Ei Edit SBW Help
WL AR
1 efn HewModel
r = —
E ..‘ ._.Q EI-‘ A
1

Third button from the right.

model loaded
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Try a Simple Simulation

Click to run simulation

mulation Tool: RoadRunner
File Tools Options Data SBW  Help
DEHS B e & & ., @&
| Analysis | Scipting | SED-ML | Preferences | Steady State | Timecourse

. P
'r‘tjt?;‘: / .*n.-:

Time Course  Timecourse
Simulation (continuous)

Simulation Parameters: Simulation Result

TimeStart:

TimeEnd:

L
F=
S
®
g
£
F=
@
L)
=
=]
[&]
i
k]
A
o
=%
(2]

[ Fix Y Axis

Time Course Simulation  .:
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Access Data

Copy simulation data to
the clipboard or load into Excel

A\ 4

File | Tools Options Data

B

WV

=

SEW  Help

Mew Ctrl+M
Open Ctrl+ 0

Save Az Ctrl+5hift+5
Export Data Ctrl+E

Copy Data To Clipboard
Open Data in C5Y Viewer

Brint Ctrl+P

Print Preview

Exit Ctrl+ Q)

El

s | Steady State | Timecourse

0.0

10.0
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