A brief tutorial on
SBML (the Systems Biology Markup Language)

Michael Hucka, Ph.D.

Department of Computing + Mathematical Sciences

California Institute of Technology
Pasadena, CA, USA

Email: mhucka@caltech.edu Twitter: @mhucka


http://cshlccb.wordpress.com/2012/08/03/michael-hucka-california-institute-of-technology-the-systems-biology-markup-language-sbml-model-databases-and-translation/
http://cshlccb.wordpress.com/2012/08/03/michael-hucka-california-institute-of-technology-the-systems-biology-markup-language-sbml-model-databases-and-translation/
http://cshlccb.wordpress.com/2012/08/03/michael-hucka-california-institute-of-technology-the-systems-biology-markup-language-sbml-model-databases-and-translation/
http://cshlccb.wordpress.com/2012/08/03/michael-hucka-california-institute-of-technology-the-systems-biology-markup-language-sbml-model-databases-and-translation/
mailto:mhucka@caltech.edu?subject=About%20your%20presentation
mailto:mhucka@caltech.edu?subject=About%20your%20presentation
https://twitter.com/%23!/mhucka
https://twitter.com/%23!/mhucka

Outline

General background and motivations

Core features of SBML

A few additional details about SBML

Packages in SBML Level 3

A selection of resources for the SBML-oriented modeler

Closing



General background and motivations

Core features of SBML

A few additional details about SBML

Packages in SBML Level 3

A selection of resources for the SBML-oriented modeler

Closing




Research today: experimentation, computation, cogitation
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“The nature of systems biology”
Bruggeman & Westerhoff,
Trends Microbiol. 15 (2007).



Is it enough to communicate the model in a paper?

Traditional method of dissemination in the recent past

Problems:

Errors in printing
Missing information

Dependencies on
implementation

Outright errors

Larger model
= more time & effort

FAg. 2. The full IPR model. R, receptor; O, open; A, activated: S, shut; |,
Inactivated. ¢ Is [Ca**]; p Is [IPs].

also has IP; and one other Ca®* ion bound. For simplicity, we
assume that the rate of Ca®* binding to the inactivating site is
independent of whether 1P: is bound, or whether the receptor
has been activated by Ca®* (but sec ref. 19 and later discus-
sion). The R, R, O triangle models Ca?* -dependent binding of
IP;; Ca?' modulates the interconversion of the receptor
between two states, cach of which can bind IP; with different
kinctics. In type-3 IPR, Ca?* enhances IP; binding but inhibits
IP; binding in type-1 IPR (20-22). The reaction scheme shown
here incorporates either possibility, depending on the param-
cter values. As we shall see, our model predicts that Ca?t
increases the rate of 1P; binding to type-2 IPR.

To derive the model ecquations, we first define K, = k_,/k;
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andwhere R + O + A + § + I, + I, = 1. Thus, given the {a
equilibria above, Fig. 2 is equivalent to Fig. 3.

The model assumes that the binding of IP; and Ca®'
ceaguential not indenendent. So. for instance Ca* can bind 1



Is it enough to make your (software X) code available?

It’s vital for good science:

e Someone with access to the same software can try to run it,
understand it, verify the computational results, build on them, etc.

e Opinion: you should always do this in any case



Is it enough to make your (software X) code available?

But it’s still not ideal for communication of scientific results:
e Doesn’t necessarily encode biological semantics of the model
e What if they don't have access to the same software?
e What if they don't want to use that software?
o What if they want to use a different conceptual framework?

e And how will people be able to relate the model to other work?



Different tools = different interfaces & languages
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SBML = Systems Biology Markup Language

Format for representing computational models of biological processes
e Data structures + usage principles + serialization to XML
e (Mostly) Declarative, not procedural—not a scripting language
Neutral with respect to modeling framework
e E.g., ODE, stochastic systems, etc.

Important: software reads/writes SBML, not humans



The raw SBML (as XML)

<listOfSpecies>
<species compartment="cytosol" id="ES" initialAmount="0" name="ES" />
<species compartment="cytosol" id="P" initialAmount="0" name="P" />

<species compartment="cytosol" id="S" initialAmount="1e-20" name="S"/>
<species compartment="cytosol" id="E" initialAmount="5e-21" name="E"/>
</list0fSpecies>
<listOfReactions>
<reaction id="veq">
<listOfReactants>
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="ES"/>
</11st0fProducts>
<kineticLaw>
<math xmlns="http://www.w3.org/1998/Math/MathML">
<apply>
<times/>
<ci>cytosol</ci>
<apply>
<minus/>
<apply>
<times/>
<ci>kon</ci>
<cl>E</ci>
<cl1>S</ci>
</apply>
<apply>
<times/>
<ci>koff</ci>
<c1>ES</ci>
</apply>
</apply>

= farnnlus



The process is central
o Literally called a“reaction”in SBML

e Participants are pools of entities (biochemical species)

([A],[B]y[P],---anP

ngA + ny B L
f(...)
n.C — gD +neE +nsF
Models can further include:

e Compartments e Unit definitions
e Other constants & variables e Annotations
e Discontinuous events

e Other, explicit math

Core SBML concepts are fairly simple



Well-stirred compartments




Species pools are located in compartments




Reactions can involve any species anywhere




Reactions can cross compartment boundaries

C

proteinA «———— proteinB

MRNA.




Reaction/process rates can be (almost) arbitrary formulas

C

protein A fi(x protein B

MRNA.




“Rules”: equations expressing relationships in addition to reaction sys.

92(x) protein A fi(x protein B

MRNA.




“Events”: discontinuous actions triggered by system conditions

gix) ¢
g2(x) protein A fi(x) protein B

MRNA.

Eventi: when (...condition...), Eventy: when (...condition...), ...
do (..assignments...) do (...assignments...)



Annotations: machine-readable semantics and links to other resources

“This is identified ”This.is an §nzymatis
by GO id # ..” ) . reaction with EC # ...

b\—’\ —

protein A «——fi(x)

protein B

“This is a transport

into the nucleus )

“This compartment

%FGSGMS the nucleus ..’

“This event
represents ...

Eventi: w on...), Eventy: when (...condition...), ...
do (..assignments...) do (..assignments...)



Many types of models can be encoded just using core SBML features

Metabolic network models
Signaling pathway models BEi”d exa
Conductance-based models hts Databas
:O.'//bi S
Neural models OMogy WMo,
Sls.nety,
Pharmacokinetic/dynamics models m

Infectious diseases

SBML Level 3 packages extend the core to support other types

E.g.: Spatially inhomogeneous models, also qualitative/logical

Scope of SBML encompasses many types of models



SBML funding sources over the past 13+ years

National Institute of General Medical Sciences (USA)
European Molecular Biology Laboratory (EMBL)

JST ERATO Kitano Symbiotic Systems Project (Japan) (to 2003)
JST ERATO-SORST Program (Japan)

ELIXIR (UK)

Beckman Institute, Caltech (USA)

Keio University (Japan)

International Joint Research Program of NEDO (Japan)

Japanese Ministry of Agriculture

Japanese Ministry of Educ., Culture, Sports, Science and Tech.
BBSRC (UK)

National Science Foundation (USA)

DARPA IPTO Bio-SPICE Bio-Computation Program (USA)

Air Force Office of Scientific Research (USA)

STRI, University of Hertfordshire (UK)

Molecular Sciences Institute (USA)
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SBML Files

Format: text (technically UTF-8)
Extension: usually .xml (not .sbml)
Does not store experimental data, or simulation descriptions
e But software may write proprietary metadata (annotations) in SBML
Applications usually have their own native format
e |Import/export SBML
Models exist in different “Levels and Versions” of SBML

e [ndicated at top of file



SBML identifiers and names

Most elements have both an “id” and a “name” field

o |dentifier field has restricted syntax: abec123 or _abc123, etc.
= This“id" field value is what you use in expressions

e Value of“name”field is almost completely unrestricted

Names with spaces, $tr@nge and Funny characters!
e Must assign a value to “id”, but“name” is optional

Some tools let you use the names and ignore id’s (e.g., COPASI)—they
generate the id’s automatically

e But some (especially those w/ script language features) expose id’s



SBML “rules”

“Rules”in SBML define extra mathematical expressions

e E.g. if need to express additional mathematical relationships
beyond what is implied by the system of reactions

3 subtypes:
Rule type General form Example
algebraic 0= f(W) 0=S1+S2
assignment r= f(V) X=Y+2Z
rate dr/dt = f(W) dS/dt=10.5

Rules define relationships that hold at all times






---------------------------------------------------------------------------------------------------

‘ Equations derived = dS1/dt =r1 + 19 + 13
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...................................................................................................
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Rate rules * dq /dt — ho (W)

. *
---------------------------------------------------------------------------------------------------




0=t (W)
B Rules and
0= f2 (W) equations from
reactions are
= g1 (W) taken together
Y = QQ(W)

Rules in the context of the overall model



SBML supports two annotation schemes

SBO (Systems Biology Ontology)

e For mathematical semantics

® One SBML object « one SBO term

e Short, compact, tightly coupled but limited scope

MIRIAM (Minimum Information Requested In the Annotation of Models)

e For any kind of annotation

®* One SBML object «— multiple MIRIAM annotations
e Larger, more free-form, wider scope

Both are externalized and independent of SBML
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SBML Level 1

predefined math functions

text-string math notation

reserved namespaces for
annotations

no controlled annotation
scheme

no discrete events

default values defined

monolithic

SBML Level 2

user-defined functions

MathML subset

no reserved namespaces
for annotations

RDF-based controlled
annotation scheme

discrete events
default values defined

monolithic

SBML Level 3

user-defined functions

MathML subset

no reserved namespaces
for annotations

RDF-based controlled
annotation scheme

discrete events
no default values

modular



Evolution of SBML continues

Today: SBML Level 3
e |evel 3 Core provides framework for common models

e Level 3 packages add additional constructs to the Core




Level 3 package What it enables Status

Hierarchical model composition Models containing submodels v
Flux balance constraints Constraint-based models v
Qualitative models Petri net models, Boolean models v
Graph layout Diagrams of models v

Multicomponent/state species Entities w/ structure; also rule-based models  draft

Spatial Nonhomogeneous spatial models draft
Graph rendering Diagrams of models draft
Groups Arbitrary grouping of components draft
Distributions Numerical values as statistical distributions in dev
Arrays & sets Arrays or sets of entities In dev
Dynamic structures Creation & destruction of components in dev

Annotations Richer annotation syntax



SBML Level 3 Qualitative models (released)

Some models use a discrete logical formalism - e.g., Boolean net, Petri
e SBML species are quantities, not states or levels
SBML Level 3 Qualitative Models package provides proper support
e Adds data structures for:
= Qualitative species, with assume discrete values (e.g., 0 or 1)
= Transitions, with inputs, outputs and function terms
» At each time step in a simulation, all function terms evaluated
» Terms evaluating to true dictate resulting state changes

Developed by Claudine Chaouiya, Sarah Keating, Duncan Berenguier,
Aurélien Naldi, Denis Thieffry, Tomas Helikar, Martijn van lersel

Supported in GINsim, CelINOpt, Cell Collective



New table & status pages for package specifications

Documents /Specifications - SBML.org ¥

- http://sbml.org/Documents/Specifications J'

At this time, only Version 1 Core of SBML Level 3 has been released. Definitions of packages to go with Version 1 Core are
expected in the very near future. When the specifications become available, they will be listed below. For now, you can find
information about the ongoing activities in the community wiki.

[edit] SBML Level 3 Version 1 Core

The most recent release of SBML Level 3 Version 1 Core is Release 1.

The Sy;teyns Biology Markup -Language (SBML): Language Specification -
Specification for Level 3 Version 1 Core
Authors: Michael Hucka, Frank Bergmann, Stefan Hoops, Sarah Keating, Errata —
Sven Sahle, James Schaff, Lucian Smith, and Darren Wilkinson

(HTMO
This is the final Release 1 specification of 6 Oct. 2010. Submit issue —
The document link refers to the file on SourceForge.net. If you have any XV
problems accessing the PDF file from there, a backup copy of the document Schemas —

is also available locally from this server.

Issues with the specification are tracked on the issue tracker whose link is indicated above. Accepted issues are periodically
collected and listed on the Errata page indicated above. Once a general consensus emerges that the known errata warrant a
new release of the SBML specification, a new Release is made.

[edit] SBML Level 3 Packages

Each individual SBML Level 3 package effort has an associated status page. Please follow the relevant links in the table below
to find out more about a given package, including any draft specifications that may be available.

Specification
Package Name Label Description information Status
page
Arrays and Sets arrays Support for expressing arrays or sets of things Arrays and Sets J
. Support for richer annotation syntax than the regular annotations o
Annotations annot in SBML Level 3 Core Annotations _“_)

Hierarchical Hierarchical


http://sbml.org/Facilities/Online_SBML_Test_Suite
http://sbml.org/Facilities/Online_SBML_Test_Suite
http://sbml.org/Documents/Specifications
http://sbml.org/Documents/Specifications

New table for package specifications

|1 SBML Level 3 Packages

individual SBML Level 3 package effort has an associated status page. Please follow the relevant links in the table below
nd out more about a given package, including any draft specifications that may be available.

Specification
Package Name Label Description information Status

Arrays and Sets arrays  Support for expressing arrays or sets of things Arrays and Sets @

Support for richer annotation syntax than the regular annotations Annoctations

Annotations annot | 'SBML Level 3 Core ©

Hierarchical Hierarchical


http://sbml.org/Documents/Specifications
http://sbml.org/Documents/Specifications
http://sbml.org/Documents/Specifications
http://sbml.org/Documents/Specifications
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http://sbml.org/Documents/Specifications
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BioModels Database

Stores & serves quantitative models of biological interest
e Free, public resource
e Models must be described in peer-reviewed publication(s)

Hundreds of models are curated by hand

mports & exports models in several formats

\’S’Ml_ ﬁ 0-ctave

/
,/
/
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The Online SBML Validator

® O O ' Bonline sBML validator

“~ C' | [7 sbml.org/Facilities/Validator/

¢{3'\/”__1"‘9 The Systems Biology Markup Language

4 News Documents Downloads Forums Facilities Community Events About &

Parent pages: SBML.org / Facilities / Online SBML Validator

This system can test the syntax and internal consistency
of an SBML file. Passing this validator doesn't guarantee a
file is 100% correct SBML, but it's the best automated
assessment available.

Use the form below to upload your SBML content. You can
also access this service via a network API. By using any
part of this service or website, you agree to be bound by
the terms of the privacy notice.

Upload File Submit URL Paste SBML

lect an SBML file located on your computer. The file can be

S
uncompressed, or compressed using zip, gzip or bzip2

Validation options:

Check consistency of measurement units associated with quantities (SBML L2V4 rules 105nn)
@ Check correctness and consistency of identifiers used for model entities (SBML L2V4 rules 103nn)
@ Check syntax of MathML mathematical expressions (SBML L2V4 rules 102nn)
@ Check validity of SBO identifiers & (if any) used in the model (SBML L2V4 rules 107nn)
@I Perform static analysis of whether the model is overdetermined

Bl S e Y AN g e o e g e o b N o N e ot P S e gy D e = ek o en i Ll 200,

Sign in or Register with this service.

You can retrieve the result of a previously-scheduled
validation run by entering its key here:

Submit

(E.Q., 7b766904-7d67-49bb-9127-bee77a8f96ba )

Validate now

Schedule for Validation




The Online SBML Validator

Find it
here

| —_—
i1s Facilities €
v



http://sbml.org/Facilities/Validator
http://sbml.org/Facilities/Validator
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Find software in the SBML Software Guide

(o AN &) Main Page - SBML.org
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@ML.org The Systems Biology Markup Language

4 News Documents Downloads Forums Facilities Community Events About ®

Welcome to the portal for the Systems Biology Markup Language (SBML), SBML News
a free and open interchange format for computer models of biological processes.
SBML is useful for models of metabolism, cell signaling, and more. It has been in COMBINE 2011 m

development by an international community since the year 2000. (14 Jun.'11) Registration is

now open for COMBINE 2011 &,

For the curious being held in Heidelberg, DE, on Sep.
What is SBML? Read our introduction, then perhaps browse the 3=7.

mailing lists to glimpse what's happening with SBML today. SBML Test Suite updated H
(6 Jun.'11) Changes include
addition of SBML L3v1 Core test

For modelers cases, SED-ML files, and updates to
Looking for software that supports SBML? Our software guide the online interface.

l ll lists over 220 systems. Are you instead looking for models? Visit

- 990+ Older news ...

BioModels Database &, where you can find hundreds!

Community News
For software developers =
Interested in supporting SBML in your software? Read our basic PRISM 4.0 released & &
introduction and then the SBML specifications to understand (3 Jul. '11) PRISM& 4.0 is a
WD 0w to use SBML. After that, you may want to look at libSBML. probabilistic model checker that
supports SBML input.
No matter how you use SBML, we invite you to sign up for news updates either g;::".og]t SLaupports &’P
through our RSS feed, our Twitter feed &, or one of the mailing lists, and get (20 jun. '11) MatContd? is a MATLAB
involved with community efforts to help keep improving SBML. You can also call package for studying parameterized
attention to your project's support of SBML by displaying the SBML logo. conttinuous and discrete dynamical
systems.

SBML would not have been possible without support from multiple agencies and
organizations, as well as intellectual contributions from many motivated SRR R .
(15 Jun. '11) iPathways & is

imAdivicdiimmle incrhiidinms Fhe massmsissnr conmbrilbiirbare ubhms 2are chamina CEML | avusl 2 ol

iPathways 1.1 released @ &’——D



Find software in the SBML Software Guide

Find SBML software




1906 SBML Software Guide - SBML.org
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Parent pages: SBML.org

SBML Software Guide

The following pages describe SBML-compatible software packages known to us. We offer different ways of viewing the
information, all drawn from the same underlying data collected from the systems' developers via our software survey. The
Matrix provides a table listing all known software and a variety of their features; the Summary provides general descriptions
of most of the software; and the Showcase provides a sequential slideshow of a subset of the software.

Number of software packages listed in the matrix today: 229.

Go to the SBML Go to the SBML Go to the SBML
Software Matrix Software Summary Software Showcase

Didiauad | SR

——

Please use the survey form to notify us about additions and suggestions.

[edit] Historical trend

The following graph shows the total number of known SBML-compatible software packages each year, as counted by the
SBML Team. The counts shown are for approximately the middle of each year.

300

200 ==z



http://sbml.org/SBML_Software_Guide
http://sbml.org/SBML_Software_Guide

libSBML

Reads, writes, validates SBML
Can check & convert units
Written in portable C++

Runs on Linux, Mac, Windows

APls for C, C++, C#, Java, Octave,
Perl, Python, R, Ruby, MATLAB

Well documented API
Open-source (LGPL

http://sbml.org/Software

| <[>

+  (Bhttp://sbml.org/Software/libSBML/docs/cpp-api/

libSBML C++ API: About libSBML and its use

clz] (8] [se (O]

@MU libSBML C++ API

Main Page Related Pages

lIbSBML C++ API
About lIbSBML and its use

General information

Programming with libSBML

Extending libSBML to support SBML packag | -

Other topics
Bullding and installing libSBML
Making libSBML accessible to software

LIbSBML features

Bug reports, malling lists, and related topic i 2 &
¢ supports all releases of SBML up through Level 3 Version 1 Core Release 1. For more information about SBML,

Reading and writing SBML content from yot

Mathematical Expressions and their Manipt, -

Tutorial: Creating a complete model, from s
Known Issues and pitfalls

Summary of extension support classes
How to implement a package extension
Uninstalling libSBML

Coding conventions for libSBML

Summary of changes between libSBML rele
Deprecated List

Namespaces

Classes

Files

¢ Institutes of Health (USA) under grants RO1 GM070923 and RO1 GM077671; the International Joint Research
: Program of NEDO (Japan); the JST ERATO-SORST Program (Japan); the Japanese Ministry of Agriculture; the

Namespaces Classes Files Q-

'About libSBML and its use

. Authors:

Sarah Keating, Akiya Jouraku, Frank Bergmann, and Ben Bornstein designed and wrote most of
the software, with contributions from Gordon Ball, Bill Denney, Christoph Flamm, Akira Funahashi,
Ralph Gauges, Martin Ginkel, Alex Gutteridge, Stefan Hoops, Michael Hucka, Totte Karlsson,
Moriyoshi Koizumi, Ben Kovitz, Machné, Nicolas Rodriguez, Lucian Smith, and many others in the
SBML community. Michael Hucka wrote most of this libSBML user and APl documentation.

This manual describes the C++ application programming interface (API) of libSBML, an open-source (LGPL)
library for writing and manipulating the Systems Biology Markup Language (SBML). This version of libSBML

please visit http yml.org on the Internet. Please report bugs and other issues with libSBML using the tracker

General information

e Building and installing libSBML
e Making libSBML accessible to software

Ml feat

e Bug reports, mailing lists, and related topics

Programming with [ibSBML

Licensing and Distribution Terms for IIbSB!' |

e Reading and writing SBML content from your software

e Mathematical Expressions and their Manipulation

e Tutorial: Creating a complete model, from start to finish
¢ Known issues and pitfalls

- Extending libSBML to support SBML packages

e Summary of extension support classes
e How to implement a package extension

- Other topics

« Uninstalling libSBML

* Coding conventions for libSBML for developers and contributors
e Licensing and Distribution Terms for libSBML

e Summary of changes between libSBML releases

Please note: article citations are crucial to our academic careers. If you use libSBML and you publish papers
: about your software, we ask that you please cite the libSBML paper:

Bornstein, B. J., Keating, S. M., Jouraku, A., and Hucka M. (2008) LibSBML: An API Library
for SBML. Bioinformatics, 24(6):880-881.

This and other projects of the SBML Team have been supported by the following organizations: the National

/libSBML

Developer's guide for libSBML version 5.6.0
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JSBML

Pure Java implementation

APl is compatible with libSBML but

. Marine Dumousseau” m O re J ava ) | i ke

Andreas Driger?® Nicolas Rodriguez®
Alexander Dérr? Clemens Wrzodek ? Finja Biichel*
Florian Mittag? Michael Hucka ©
[ ] [ ] [ ] [ ]
Functionality is subset of libSBML
Nicolas Le Novere P Andreas Zell? Michael Hucka®

Institutional affiliations:

2 Center for Bioinformatics Tuebingen O p e n S O u rce ( LG P L)

University of Tuebingen
Tiibingen, Germany

Y European Bioinformatics Institute

Main developers: Nicolas Rodriguez,
. o Andreas Drager

Pasadena, CA, USA

SBML (the Systems Biology Markup Language) is an XML-based format for storing and exchanging
computational descriptions of biological processes. To read, write, manipulate, and perform higher-
level operations on SBML files and data streams, software applications need to map SBML entities to
suitable software objects. JSBML provides a pure Java library for this purpose. It supports all Levels
and Versions of SBML, and provides many powerful features, including facilities to help migrate from
the use of libSBML (a popular library for SBML that is not written in Java).

This document provides an introduction to JSBML and its use. It is aimed at both developers
writing new Java-based applications as well as those who want to adapt libSBML-based applications

to using JSBML. This user guide is a companion to the JSBML API documentation.

The JSBML home page ishttp://sbml.org/Software/JSBML/.

JGBML

http://sbml.org/Software/JSBML
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What is the SBML Test Suite?

System for testing SBML support in software

e Currently aimed at simulators (easiest to assess)

e Extensible architecture—easy to add more test cases

Components:

‘est models + simulation run parameters + expected results
= Each caseis labeled with tags that indicate tested features

Online assessment system

Standalone test runner — run an application through all tests

Online database of test results



What is the SBML Test Suite?

System for testing SBML support in software
e Currently aimed at simulators (easiest to assess)

e Extensible architecture—easy to add more test cases

Components:

e Test models + simulation run parameters + expected results

= Each caseis labeled with tags that indicate tested features

e Online assessment system

e Standalone test runner — run an application through all tests

e Online database of test results

http://sbml.org/Facilities/Online_SBML_Test_Suite
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@ML.org The Systems Biology Markup Language

4 News Documents Downloads Forums Facilities Community Events About W

Welcome to the portal for the Systems Biology Markup Language (SBML), SBML News
a free and open interchange format for computer models of biological processes.
SBML is useful for models of metabolism, cell signaling, and more. It has been in COMBINE 2011 ??

development by an international community since the year 2000. (14 Jun.'11) Registration is

now open for COMBINE 2011 &,

For the curious being held in Heidelberg, DE, on Sep.
What is SBML? Read our introduction, then perhaps browse the 3=7.
mailing lists to glimpse what's happening with SBML today. SBML Test Suite updated H
(6 Jun.'11) Changes include
addition of SBML L3v1 Core test
For modelers cases, SED-ML files, and updates to
Looking for software that supports SBML? Our software guide the online interface.
I I. lists over 220 systems. Are you instead looking for models? Visit Oldis niirs
e ee® BioModels Database [, where you can find hundreds!
Community News
For software developers =
Interested in supporting SBML in your software? Read our basic PRISM 4.0 released &
—— introduction and then the SBML specifications to understand (3 Jul. '11) PRISMF 4.0is a
how to use SBML. After that, you may want to look at libSBML. probabilistic model checker that
supports SBML input.
i : : MatCont 4.1 s orts -
No matter how you use SBML, we invite you to sign up for news updates either SBML & R &’P
Fhrough ogr RSS feed, .our T\_Nitter feed &, or Qne of Fhe mailing lists, and get (29 Jun. '11) MatContd is a MATLAB
involved with community efforts to help keep improving SBML. You can also call package for studying parameterized
attention to your project's support of SBML by displaying the SBML logo. continuous and discrete dynamical
systems.

SBML would not have been possible without support from multiple agencies and . ) -
2 2 7 g ; ) iPathways 1.1 released & ’—p
organizations, as well as intellectual contributions from many motivated (15 Jun. '11) iPathways @ is &

individuals, including the major contributors who are shaping SBML Level 3. 28 iPhohe/;ﬁad app fo“r browsing map

dianrame rreated in CallDecinnar

Resources for news, questions and discussions
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COMBINE 2011 m

(14 Jun.'11) Registration is

now open for COMBINE 2011 @&,
being held in Heidelberg, DE, on Sep.
3-7.

SBML Test Suite updated B

(6 Jun.'11) Changes include
addition of SBML L3v1 Core test
cases, SED-ML files, and updates to
the online interface.

Older news ...

Front-page news

Community News

PRISM 4.0 released & ‘/‘—P

(3 Jul. '11) PRISM#F 4.0 is a
probabilistic model checker that
supports SBML input.

MatCont 4.1 supports &’-_P
SBML &

(29 Jun. '11) MatCont@ is a MATLAB
package for studying parameterized
continuous and discrete dynamical
systems.

iPathways 1.1 released ¥ &"—_;

(15 Jun. '11) iPathways @ is
an iPhone/iPad app for browsing map

dianrame rreated in CallDecinnar

Resources for news, questions and discussions




Twitter & RSS feeds

Resources for news, questions and discussions



Mailing lists/forums

Resources for news, questions and discussions
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SBML Team: Mike Hucka, Sarah Keating, Frank Bergmann, Lucian Smith, Andrew Finney,
Herbert Sauro, Hamid Bolouri, Ben Bornstein, Bruce Shapiro, Akira Funahashi,
Akiya Juraku, Ben Kovitz

SBML Editors: Mike Hucka, Nicolas Le Novére, Sarah Keating, Frank Bergmann, Lucian Smith,
Chris Myers, Stefan Hoops, Sven Sahle, James Schaff, Darren Wilkinson

BioModels DB: Nicolas Le Novere, Henning Hermjakob, Camille Laibe, Chen Li, Lukas Endler,
Nico Rodriguez, Marco Donizelli, Viji Chelliah, Mélanie Courtot, Harish Dharuri

Original PI's: John C. Doyle, Hiroaki Kitano
And a huge thanks to many others in the CO/\/IBINE community

§ |
| Attendees at SBML 10th A~niversary Symp

Th|s work was made possible thanks to a great commumty



URLs

SBML http://sbml.org
BioModels Database http://biomodels.net/biomodels
MIRIAM http://biomodels.net/miriam
identifiers.org http://identifiers.org
SED-ML http://biomodels.net/sed-ml
SBO http://biomodels.net/sbo
SBGN http://sbgn.org

COMBINE http://co.mbine.org


http://sbml.org
http://sbml.org
http://biomodels.net/biomodels
http://biomodels.net/biomodels
http://biomodels.net/miriam
http://biomodels.net/miriam
http://identifiers.org
http://identifiers.org
http://biomodels.net/sed-ml
http://biomodels.net/sed-ml
http://biomodels.net/sbo
http://biomodels.net/sbo
http://sbgn.org
http://sbgn.org

I'd like your feedback!
You can use this anonymous form:
http://tinyurl.com/mhuckafeedback
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