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SBML = Systems Biology Markup Language

® Machine-readable format for representing computational models

* Central concept: process | f [AL [BL [P], ...)

= Literally called reaction f(...)
in SBML, but can be - nC + ngD + n.E
anything similar |

¢ Can include
= Compartments (i.e., where pools of entities are located)
= Mathematical “extras” (e.g., additional assignments, ODEs, etc.)
= Discontinuous events
® A declarative description, not procedural
® Not a script for a simulation

® Not specific to a particular formalism (ODE, stochastic, ...)
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Some basics of SBML model encoding

® Species pools are located in compartments

protein A protein B
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Some basics of SBML model encoding

® Reactions can involve any species anywhere

protein A €«———— protein B
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® Reactions can cross compartment boundaries

protein A €«———— protein B
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® Reaction/process rates can be (almost) arbitrary formulas

protein A fi(x) protein B
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® “Rules’: equations expressing relationships in addition to reaction sys.

protein A fi(x) protein B
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Some basics of SBML model encoding

® “Events”:discontinuous actions triggered by system conditions

protein A fi(x) protein B

Event|: when (...condition...), Eventa: when (...condition...),
do (...assignments...) do (...assighments...)
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>ome basics of SbIYIL model encoding
—

“This is identified by “Thi§ e an enzymatic”
GO id# " . reaction with EC # ...

[ ]

protein A «—fi(x) protein B

“This is a transport
into the nucleus ...” “This compartment

)

@ents the nucleus ...

“This event

represents ...’ "
ke I1...), Eventa: when (...condition...),

do (..:ﬁssignments...) do (...assighments...)
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SBML is fundamentally an exchange format

<listOfSpecies>
<species compartment="cytosol" initi:
O, XM L'based <species compartment="cytosol" initi:
<species compartment="cytosol" initi:
<species compartment="cytosol" initi:

® Lingua franca for software </1istOfSpecies>

<listOfReactions>
exchange of models Creaction tamveq"s
<listOfReactants>
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
® Not necessarily a software <listOfProducts>

N <speciesReference species="ES"/>

system’s internal format </1istOfProducts>
<kineticLaw>

: : <math xmlns="http://www.w3.0rg/1998/]
Not suited for experimental or <apply>

. <times/>
numerical results “ciscytosol</cis

<apply>
<minus/>

Not a union of all possible P
features <times/>

<ci>kon</ci>
<ci>E</ci>
® Open & free <ci>S</ci>

</apply>

<apply>
<times/>
<ci>koff</ci>
<ci>ES</ci>

- .PJ"'I.'I‘ET\1 LR

® Not for humans to edit directly
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Broad support of SBML

COPASI (4.0 Build 8)

® Supported by 200+ software systems

o e —

vModel GLCo = GLCi

VBiochemical 2 HK  |GLCi +ATP =G6P + ADP

° »Compartments G6P = F6P
Metaboli - —
¢ Open-source & commercial |
» Reactions T FleP = DHAP + GAP
wMathematical DHAP = GAP
Compartment Symbols CAP + NAD = BPG + NADH
Function Symbols BPG + ADP = P3G + ATP

o . ~
Constant Symbols [ P3G = P2G
— GGHGI’&'-PU rpose environments Feed Metabalte Symbls | P2c - e
Metabolite Symbols vk "PEP + ADP = PYR + ATP
Differential Equations PYR -> AcAld + CO2
M EtOH + NAD = AcAld + NADH

. >Ste?d\i/—5tate 4 e TR
= Mathematica, MATLAB, etc. vednery

»Mass Conservation Tc 1 DHAP + NADH -> Glycerolv-;ﬁiibii

vTime Course 17 Glycogen Branch G6P + ATP -> ADP + Glycogen

Resut 18 Trehalose Branch 2 * GG + ATP -> ADP + Trehalose
VMultip|§ TaSkf 19 Succinate Branch\z * AcAld + 3 * NAD -> Succinate +

= Special-purpose software o= e

8ne _ Tawerna Workbench vi.5.1.6
20 > st | ocoves|

1 3 E I 1
Search @ wascs sy ([ saee dagram | % Retest] [+ Contgure dagram|
(7 & Local Servces I
@ Neofcanon Precessor
> Local Jave widgets
& sring Consam

model editing R |
e = COPAS|

simulation

analysis

T
PR T TS

VDL 00

—_— —= —y e ey =t W ]y &y O

visualization

Taverna
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BML org
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SBML Software Guide

Documents Downloads Forums Facilities Community Events

The Systems Biology Markup Language (SBML) is a computer-readable
format for representing models of biological processes. It's applicable to
simulations of metabolism, cell-signaling, and many other topics. SBML has been
evolving since mid-2000 thanks to an international community of software
developers and users. This website is the global portal for the SBML effort; here
you can find information about all aspects of SBML.

Saturday, October 16, 2010

For the curious
What /s SBML? Read our basic introduction and then perhaps

browse the mailing lists to get a sense for what's currently going on
in the world of SBML.

For modelers
Are you looking for ready-to-run software that supports SBML? Take

a look at the SBML Software Guide, ich lists over 170 software
packages. Are you instead looking for s€ady-to-use models? Visit the
BioModels Da can find hundreds!

For software developers
Are you interested in developing SBML support for 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, an API library supporting many programming languages.

The Systems Biology Markup Language

N B Q, Google Site Search...

SBML News

SBML Level 3 plans updated ‘

(8 Jul. '09) The SBML Editors
have updated the plans for SBML
Level 3 Core and are seeking
feedback.

SBML FAQ updated ‘

(1 Jul. '09) FAQ item #3.6 now
features an expanded explanation of
SBML Level 2 annotations.

5000 visits/month ‘

(26 Jun. '09) Our Google

Analytics tracker reports sbml.org gets
nearly 5000 visitors/month, 50% of
them new.

Older news ...

Community News

BioModels Database rel. 14 ‘a

(16 Jun.'09) BioModels
Database, a free database of
published models, now contains 216

L
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SBML Software Guide

» Wa

v

i

| » || + |C8http://sbml.org/Main_Page

.
-

News

Documents

Downloads Forums Facilities Community Events

The Systems Biology Markup Language (SBML) is a computer-readable
format for representing models of biological processes. It's applicable to
simulations of metabolism, cell-signaling, and many other topics. SBML has been
evolving since mid-2000 thanks to an international community of software
developers and users. This website is the global portal for the SBML effort; here
you can find information about all aspects of SBML.
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For the curious
What is SBML? Read our basic introduction and then perhaps

browse the mailing lists to get a sense for what's currently going on
in the world of SBML.

re that supports SBML? Take
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BioModels Date

For software developers
Are you interested in developing SBML support for 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, an API library supporting many programming languages.

About

- - Q, Google Site Search...

SBML News

SBML Level 3 plans updated ‘

(8 Jul. '09) The SBML Editors
have updated the plans for SBML
Level 3 Core and are seeking
feedback.

SBML FAQ updated ‘

(1 Jul. '09) FAQ item #3.6 now
features an expanded explanation of
SBML Level 2 annotations.

5000 visits/month ‘

(26 Jun. '09) Our Google

Analytics tracker reports sbml.org gets
nearly 5000 visitors/month, 50% of
them new.

Older news ...

| Community News

BioModels Database rel. 14 "-;

(16 Jun.'09) BioModels
Database, a free database of
published models, now contains 216




Guide has both matrix and summary views

(o[>l [Brup://somlorg/SBML_Sofware_Guide c 0

News Documents Downloads Forums Facilities Community Events About & B

Parent pages: SBML.org

SBML Software Guide

SBML software and projects come in many varieties. Here we summarize all SBML-compatible systems known to us. The
matrix provides an at-a-glance summary, whereas the summary provides longer descriptions of each software or project
grouped by themes. Please use the survey form @ to notify us about additions and suggestions.

Number of software packages listed in the matrix today: 170
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Go to the SBML Software Go to the SBML Software
Matrix Summary
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Software matrix

Go to the SBML Software
Matrix
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http://sbml.org/SBML_Software_Guide/SBML_Software_Matrix
http://sbml.org/SBML_Software_Guide/SBML_Software_Matrix

SBML Software Matrix

SBML Software Guide/SBML Software Matrix - SBML.org
_ @ http://sbml.org/SBEML_Software_Guide /SBML_Software_Matrix @ B Q- Google

QML-DPQ The Systems Biology Markup Language

+  News Documents Downloads Forums Facilities Community Events About £y Gu—ngleSiteSearch-.. !

Parent pages: SBML.org / SBML Software Guide

SBML Software Matrix

This matrix provides an at-a-glance summary of software known to us to provide some degree of support for reading,
writing, or otherwise working with SBML. The columns' meanings are explained below. For a list of longer descriptions
grouped into themes, please see our SBML Software Summary page.

Capabilities Frameworks API Dep. Platforms Availabil.
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Some particularly full-featured tools for simulation

COPASI: ODE & stochastic simulation, parameter scanning,
powerful plotting capabilities, much more

iBioSim: special features for genetic circuit models for synthetic bio

CellDesigner: graphical editing interface, SBGN support, SABIO-RK
integration, much more

® Can use COPASI as computational engine
Virtual Cell: web-based interface

SBtoolbox2: MATLAB package

SBW: collection of interoperating programs (many Windows-only)
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http://sbml.org

Documents Downloads Forums Facilities Community Events

The Systems Biology Markup Language (SBML) is a computer-readable
format for representing models of biological processes. It's applicable to
simulations of metabolism, cell-signaling, and many other topics. SBML has been
evolving since mid-2000 thanks to an international community of software
developers and users. This website is the global portal for the SBML effort; here
you can find information about all aspects of SBML.
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For the curious
What /s SBML? Read our basic introduction and then perhaps

browse the mailing lists to get a sense for what's currently going on
in the world of SBML.

For modelers
Are you looking for ready-to-run software that supports SBML? Take

a look at the SBML Software Guide, which lists over 170 software
packages. Are you instead looking for ready-to-use models? Visit the
BioModels Database &, where you can find hundreds!

For software developers
Are you interested in developing SBML support for 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, an API library supporting many programming languages.

The Systems Biology Markup Language

N B Q, Google Site Search...

SBML News

SBML Level 3 plans updated ‘

(8 Jul. '09) The SBML Editors
have updated the plans for SBML
Level 3 Core and are seeking
feedback.

SBML FAQ updated ‘

(1 Jul. '09) FAQ item #3.6 now
features an expanded explanation of
SBML Level 2 annotations.

5000 visits/month ‘

(26 Jun. '09) Our Google

Analytics tracker reports sbml.org gets
nearly 5000 visitors/month, 50% of
them new.

Older news ...

Community News

BioModels Database rel. 14 ‘a

(16 Jun.'09) BioModels
Database, a free database of
published models, now contains 216
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http://sbml.org

T U O
|« | » || + [C8http://sbml.org/Main_Page

RSS & Twitter feeds
for news updates

# News Documents Downloads Forums Facilities Community Events Aboit W (MR Coogle Site Search...

The Systems Biology Markup Language (SBML) is a computer-readable
format for representing models of biological processes. It's applicable to
simulations of metabolism, cell-signaling, and many other topics. SBML has been
evolving since mid-2000 thanks to an international community of software SBML Level 3 plans updated
developers and users. This website is the global portal for the SBML effort; here (8 Jul. '09) The SBML Editors

i i have updated the plans for SBML
you can find information about all aspects of SBML. Level 3 Core and are seeking

feedback.

For the curious
What is SBML? Read our basic introduction and then perhaps SBML FAQ updated ‘
browse the mailing lists to get a sense for what's currently goingon (1 Jul. '09) FAQ item #3.6 now

in the world of SBML. features an expanded explanation of
SBML Level 2 annotations.

5000 visits/month ‘

For modelers (26 Jun. '09) Our Google
-to- ? :
“ Are you looking for ready-to-run software that supports SBML? Take Analytics tracker reports sbml.org gets

a look at the SBML Software Guide, which lists over 170 software nearly 5000 visitors/month, 50% of
packages. Are you instead looking for ready-to-use models? Visit the them new.

BioModels Database &, where you can find hundreds!
Older news ...

For software developers
Are you interested in developing SBML support for your software?

Read our basic introduction and then the SBML specifications to BioModels Database rel. 14 ‘-,3

understand how to use SBML. After that, you may want to look at (16 Jun.'09) BioModels

lIbSBML, an API library supporting many programming languages. Database &, a free database of
published models, now contains 216
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developers and users. This website is the global p sbml-annou nce@cah;ech.ed u
you can find information about all aspects of SBML

For the curious
What is SBML? Read our basic introduction and then perhaps SBML FAQ updated ‘

browse the mailing lists to get a sense for what's currently goingon (1 Jul. '09) FAQ item #3.6 now

in the world of SBML. features an expanded explanation of
SBML Level 2 annotations.

For modelers 5000 visits/month ‘
Are you looking for ready-to-run software that supports SBML? Take (26 Jun. '09) Our Google

: Analytics tracker reports sbml.org gets
a look at the SBML Software Guide, which lists over 170 software  early 5000 visitors/month, 50% of
packages. Are you instead looking for ready-to-use models? Visit the them new.

BioModels Database &, where you can find hundreds!
Older news ...

For software developers
Are you interested in developing SBML support for your software?

Read our basic introduction and then the SBML specifications to BioModels Database rel. 14 ‘-,3

understand how to use SBML. After that, you may want to look at (16 Jun.'09) BioModels

lIbSBML, an API library supporting many programming languages. Database &, a free database of
published models, now contains 216
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Online SBML Validator

Documents Downloads Forums Facilities Community Events

The Systems Biology Markup Language (SBML) is a computer-readable
format for representing models of biological processes. It's applicable to
simulations of metabolism, cell-signaling, and many other topics. SBML has been
evolving since mid-2000 thanks to an international community of software
developers and users. This website is the global portal for the SBML effort; here
you can find information about all aspects of SBML.
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For the curious
What /s SBML? Read our basic introduction and then perhaps

browse the mailing lists to get a sense for what's currently going on
in the world of SBML.

For modelers
Are you looking for ready-to-run software that supports SBML? Take

a look at the SBML Software Guide, which lists over 170 software
packages. Are you instead looking for ready-to-use models? Visit the
BioModels Database &, where you can find hundreds!

For software developers
Are you interested in developing SBML support for 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, an API library supporting many programming languages.

The Systems Biology Markup Language

N B Q, Google Site Search...

SBML News

SBML Level 3 plans updated ‘

(8 Jul. '09) The SBML Editors
have updated the plans for SBML
Level 3 Core and are seeking
feedback.

SBML FAQ updated ‘

(1 Jul. '09) FAQ item #3.6 now
features an expanded explanation of
SBML Level 2 annotations.

5000 visits/month ‘

(26 Jun. '09) Our Google

Analytics tracker reports sbml.org gets
nearly 5000 visitors/month, 50% of
them new.

Older news ...

Community News

BioModels Database rel. 14 ‘a

(16 Jun.'09) BioModels
Database, a free database of
published models, now contains 216

L

19



p—

Online SBML Validator

!‘.’ http://sbml.org/Main_Page

TW Biology Markup Language

Documents Downloads Foru ns Facilities Co nmunity Events

g

The Systems Biology Markup Language (SBML) Is a computer-readable
format for representing models of biological processes. It's applicable to
simulations of metabolism, cell-signaling, and many other topics. SBML has been
evolving since mid-2000 thanks to an international community of software
developers and users. This website is the global portal for the SBML effort; here
you can find information about all aspects of SBML.
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For the curious
What /s SBML? Read our basic introduction and then perhaps

browse the mailing lists to get a sense for what's currently going on
in the world of SBML.

For modelers

Are you looking for ready-to-run software that supports SBML? Take
a look at the SBML Software Guide, which lists over 170 software
packages. Are you instead looking for ready-to-use models? Visit the
BioModels Database @, where you can find hundreds!

For software developers

Are you interested in developing SBML support for 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
IIbSBML, an API library supporting many programming languages.

About &N B

Q, Google Site Search...

SBML News

SBML Level 3 plans updated ‘

(8 Jul. '09) The SBML Editors
have updated the plans for SBML
Level 3 Core and are seeking
feedback.

SBML FAQ updated ‘

(1 Jul. '09) FAQ item #3.6 now
features an expanded explanation of
SBML Level 2 annotations.

5000 visits/month ‘

(26 Jun. '09) Our Google

Analytics tracker reports sbml.org gets
nearly 5000 visitors/month, 50% of
them new.

Older news ...

Community News

BioModels Database rel. 14 ‘?

(16 Jun.'09) BioModels
Database, a free database of
published models, now contains 216




Online SBML Validator

Facilities - SBML.org

Documents Downloads Forums Facilities Community Events About & B

Parent pages: SBML.org

Facilities

The following online services are offered for the convenience of the SBML community.

Local facilities

Validate your SBML file

The Online SBML Validator checks the validity of an SBML file. It lets you select an SBML file on
your computer or provide a URL for an SBML file located on another computer.

Evaluate SBML support in an application

The SBML Test Suite allows you to test the degree and correctness of SBML support in an SBML-
compatible application.
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Validate your SBML file

The Online SBML Validator checks t
your computer or provide a URL for;
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libSBML

http://sbml.org/Software/libSBML




LibSBML, for programming SBML support

® Reads, writes, validates SBML

® Hundreds of rules for helping
to ensure correct SBML

® Unit checking & conversion

® VVell-tested

Written in portable C++
® Linux, Mac,Windows, FreeBSD

APIs for C, C++, C#, Java,
Octave, Perl, Python, Ruby,
MATLAB (some via SWIG)

Can use Expat, libxml2, or
Xerces

Saturday, October 16, 2010

® Open-source under LGPL

® | 10k+ lines of code + 65k lines
of XML tests + 18k lines of

language interface code

Latest stable version: 4.2.0

éhttp://sbmI.org/Software/IibSBML

Developed by Sarah Keating,
Ben Bornstein, Akiya Jouraku, &
Mike Hucka, with substantial
contributions from many other
people




LibSBML 5 for SBML Level 3 packages

® Relationships between releases:

_evel 2
SBML Level 3 Core
_evel 3 packages

@® |libSBML 5 has same API as [ibSBML 4.2 and adds plug-in mechanism

® FEach plug-in implements one SBML Level 3 package

® Plug-ins register themselves with [ibSBML & provide XML namespace

@ |libSBML 5 is available now as an alpha release

Saturday, October 16, 2010



On the horizon: [SBML

® Pure Java work-alike implementation of portions of libSBML

@ Still in development: http://jsbml.sourceforge.net

uu (3http://jsbml.sourceforge.net/ "RSS - -<
JSBML - The SBML Java Library

= Home

= SF Project page Introduction

= Bugs Tracker The JSBML prniect's aim is tn provide an SBML parser and programming library that maps all SBML elements
= Feature Requests to a flexible ¢>how the next pagey hiararchy. Where possible, JSBML strives to attain 100% API compatibility with
Tracker the libSBML Java AP, to facilitate a switch from one library to the other for those who desire it. Currently,
W DOmE T JSBML supports all constructs for SBML up to the latest Level 3 Version 1 release candidate specification,
including an API to add SBML extensions. There are no plans to re-implement some of the more complex
= Sources functions of libSBML, since separate community efforts are expected to make them available to JSBML via web
services. These more complex functions include model consistency checking, SBML validation, and the

conversion between different SBML Levels and Versions.
= SBML.org

RoadMap

current status :

JSBML is planning to release a first version for the end of this year. Most of the features planned for the 0.8
release are there and working. We have fews problems or issues in the handling of notes (XHTML), annotation
(RDF) or math (MATHML) and we need to add more test and documentation.
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BioModels Database

http://biomodels.net/biomodels
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http://biomodels.net/biomodels

BioModels Home Models Submit Support About BioModels Contact us

BioModels Database - A Database of Annotated Published Models

BioModels Database is a data resource that allows biologists to store, search and retrieve published mathematical models of biological
interests. Models present in BioModels Database are annotated and linked to relevant data resources, such as publications, databases of
compounds and controlled vocabularies.

BioModels Database also allows users to generate sub-models, provides access to online simulation tools and features programmatic
access via Web Services.

(Search) (GO to the modeD Advanced search Model of the month

August, 2010

Botulinum neurotoxin P P ———
Browse mOdels serotype A (BoNT/A)

causes flaccid s ghei
* Curated models (269) paralysis by a multi- \‘@

step mechanisim. — e -

* Browse models using GO Two mathematical

models that has been
developed, to
* Non-curated models (361) estimate upper limits

of the time during
which antitoxin and other impermeable

Simulate in JWS Online i(;mibit%rsdo': BoNT/A can exert an effect, is

escribed here.

Read more...

Submit a model
News

Main instance at European Bioinformatics Institute http://www.ebi.ac.uk/biomodels/ 30 September 2010 Eighteenth Release!
Download All Models Under SBML Format
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BioModels Database

® Stores & serves quantitative models of biological interest
® Free, public resource

® Models must be described in peer-reviewed publication(s)

® All models are curated by hand to reproduce published results
® Imports & exports models in several formats

® SBML, CellML, SciLab, XPP, BioPAX
® Developed by Nicolas Le Novere’s group (EBI), funded by EBI & NIH

® Today: 600+ models

Saturday, October 16, 2010



Curated, annotated models drawn from the literature

BioModels Database

+ |l http://biomodels.caltech.edu/BIOMD0000000234

BioModels Home Browse models Support About BioModels

BIOMDO0000000234 - Tham2008_PDmodel_TumourShrinkage

SBML formats | Other formats | Actions | Submit Model Comment/Bug

Model Overview Math Physical entities H Parameters | Curation

Curation Result

Clin Cancer Res 2008 Jul;14(13):4213-8.
A pharmacodynamic model for the time course of tu
Publication ID: 18584002 patients.

Tham LS, Wang L, Soo RA, Lee SC, Lee HS, Yong
Department of Hematology-Oncology, National Unive|

Original Model: B/OMD0000000234.xml.origin bgbiol:occursin  Taxonomy Homo sapien

set #1
Submitter: Nick Holford bgbiol:isVersionOf

ICD C34
OMIM 2113980

Submission ID: MODEL0911120001

Tumour Size (cm)
Dose and Ce (mg)

Submission Date: 16 Nov 2009 02:46:45 UTC

Last Modification Date: 23 Jan 2010 00:08:36 UTC

Creation Date: 16 Nov 2009 20:37:34 UTC 20 30 40 50
Week

Tumour Size

Encoders: Vijayalakshmi Chelliah
Lai-San Tham

2009-11-23723:49:57+00:00

Comment: The model reproduces figure 1 of the reference publication. The simulation was done
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Ease of model exchange is driving new developments

® More people are exchanging models and using more software tools

® Encountering challenges not faced before
= BioModels Database in particular has uncovered new needs
® Result: development of additional standardization efforts
e SBO
e MIRIAM
e MIASE
® Also (but not presented here):
= SBRML
= SBGN
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SBO
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Set of controlled vocabularies

participant type

/ —

participant participant
functional type physical type

reactant product  modifier

catalyst  inhibitor

® Not for describing the biology, but rather the math in a model

® E.g.:the different pieces of a rate law, the constants, the mathematical
framework assumed (e.g., continuous versus discrete)
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SBO browser (for humans) & web services (for s/w)

EBI * SBO * Browsing
O g 14¢ o AATATAVA Tl V| (945 1. B8  SBO::Systems Biology Ontology

i . ) : CIRefresh tree
® Hierarchical organization = sho
(@ guantitative parameter

. @ modelling framework
@ Machlne-readable = @ mathematical expression

= @ rate law

O Community i“p“t wanted! = @ mass action kinetics

& irreversible mass action kinetics

o P|ease comment on ontology = @ reversible mass action kinetics

. & Hill equation
structure, suggest additions, etc. © enzyme kinelics

. & obsolete mathematical expression
® Software developed by Melanie = @ event

Courtot and Camile Laibe in the = @ reaction
Le Novere group @ EBML-EBI = © biochemical reaction
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Entries contain retrievable data

Systems Biology Ontology

® Entries for mathematical
expressions contain MathML

Term: SBO:0000333

@ All entries contain cross links Name

monoexponential decay rate law

Definition
Monotonic decrease of a quantity proportionally to its value.

MathML

<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<semantics definitionURL="http://biomocdels.net/SBO/4#SB0:0000062">
<lambda>
<bvar><ci definitionURL="http://biomodels.net/SBO/#SB0:000033
<bvar><ci definitionURL="http://biomodels.net/SBO/#SB0:000050
<apply>
<divide/>
<ci>R</ci>

Rendered equation
N R=F

Miscellaneous
Date of creation:
26 November 2007, 23:55
Date of last modification:
04 February 2010, 14:25

Parent(s)
SBO:0000049 mass action rate law for first order irreversible reactions, contin

Children
This term has no child.

History [+]
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Direct SBO support in SBML L2V3

® shoTerm field on all SBML constructs (part of SBase)
® Usage: shoTerm="SB0:0123456"

® Terms must be drawn from appropriate SBO subtrees

~ Component 30 vocabulan Parent SBO ic

Parameter Quantitative parameter SB0:0000002
KineticLaw Mathematical expression SB0:0000064
SpeciesReference Functional Participant SB0:0000003
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Example

sboTerm="'SB0:0000339"

sboTerm="SB0:0000010"

sboTerm="SB0:0000011"

sboTerm="SB0:0000052"
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Example

sboTerm=""SB0:0000339"

SBO::Systems Biology Ontology
[=]

=  SBO:0000000 - sbo
= @ SBO:0000002 - guantitative parameter

@ SBO:0000226 - number density

© SBO:0000227 - mass density
€ SBO:0000255 - physical characteristic

= @ SBO:0000256 - biochemical parameter
= & SBO:0000009 - kinetic constant

€9 SBO:0000016 - unimolecular rate constant
= € SBO:0000017 - bimolecular rate constant

= & SBO:0000023 - forward bimolecular rate constant
= € SBO:0000036 - forward bimolecular rate constant. continuous case

€ SBO:0000302 - catalvtic efficienc
€ SBO:0000339 - bimolecular association rate constant

€ SBO:0000067 - forward bimolecular rate constant, discrete case

Saturday, October 16, 2010

sboTerm="SB0:0000010"

sboTerm="SB0:0000011"
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SBO::Systems Biology Ontology
[=]

=  SBO:0000000 - sbo
= @ SBO:0000002 - guantitative parameter

@ SBO:0000226 - number density

© SBO:0000227 - mass density
€ SBO:0000255 - physical characteristic

= € SBO:0000256 - biochemical parameter
= & SBO:0000009 - kinetic constant

Example

sboTerm=""SB0:0000339"

€9 SBO:0000016 - unimolecular rate constant
= € SBO:0000017 - bimolecular rate constant

= & SBO:0000023 - forward bimolecular rate constant

= & SBO:0000036 -
€& SBEO:0000.

€ SBO:0000067 - forwa
Saturday, October 16, 2010

himolecular rate constant. discrete case

sboTerm="SB0:0000010"

sboTerm="SB0:0000011"
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MIRIAM

http://www.biomodels.net/miriam
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SBML provides syntax

<listOfSpecies>
<species compartment="cytosol" id="ES"
<species compartment="cytosol" id="P"
<species compartment="cytosol" id="S"
<species compartment="cytosol" id="E"
</1list0fSpecies>
<listOfReactions>
<reaction id="veq">
<listOfReactants>
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="ES"/
</1ist0fProducts>
<kineticLaw>
<math xmlns="http://www.w3.org/
<apply>
<times/>
<ci>»cytosol</ci>
<apply>
<minus/>
<apply>
<times/>
<ci»kon</ci>
<ci>E</ci>
<ci>S</ci>
</apply>
<apply>
<times/>
<ci>koff</ci>
<ci>ES</ci>

- .PJ"'I.'I‘ET\1 LR

initii
initi
initiq
initii

>
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SBML provides syntax

<listOfSpecies>
. : <species compartment="cytosol" id="ES" initi:
O, RaW mOdeIS aIOne CINS |nSUfﬁC|ent <species compartment="cytosol" id="P" initi:
<species compartment="cytosol" id="S" initi:
. <species compartment="cytosol" id="E" initi:
<listOfReactions>
<reaction id="veq">
<listOfReactants>
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="ES"/>
</1ist0fProducts>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/]
<apply>
<times/>
<ci>»cytosol</ci>
<apply>
<minus/>
<apply>
<times/>
<ci»kon</ci>
<ci>E</ci>
<ci>S</ci>
</apply>
<apply>
<times/>
<ci>koff</ci>
<ci>ES</ci>

- .PJ"'I.'I‘ET\1 LR
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SBML provides syntax

<listOfSpecies>
. : <species compartment="cytosol"
® Raw models alone are insufficient <epecies compartment—"cytosol"
<species compartment="cytosol"
: <species compartment="cytosol"
<listOfReactions>
<reaction id="veq">
<listOfReactants>
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="ES"/>
</1ist0fProducts>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/]
<apply>
<times/>
<ci>»cytosol</ci>
<apply>
<minus/>
<apply>

<t 1me
<C @ ci>
<C1S 1>

<ci>S</ci>
</apply>
<apply>

<t lipre
*iCi ci>
<C1>FS=/C1i>

- .PJ"'I.'I‘ET\1 LR
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SBML provides syntax

<listOfSpecies>
. : <species compartment="cytosol"
® Raw models alone are insufficient <epecies compartment—"cytosol"
<species compartment="cytosol"
: <species com -
® SBML only provides syntax </1ist0FSpecioss
<listOfReacti
<reaction
<listOfRe
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
<list0fProducts>
<speciesReference species="ES"/>
</1ist0fProducts>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/]
<apply>
<times/>
<ci>»cytosol</ci>
<apply>
<minus/>
<apply>
...

>kond
; 1>

1>S</ci>

- .PJ"'I.'I‘ET\1 LR
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SBML provides syntax

<listOfSpecies>
. : <species compartment="cytosol"
® Raw models alone are insufficient <species compartment="cytosol"
<species compartment="cytosol" 1
. <species comp “zig="E"
¢ SBML only provides syntax </1ist0fSpecie
<listOfReacti
<reaction

® Need standard schemes for liotome
machine-readable annotations <speciesReference species="E"/>

<speciesReference species="S"/>
</listOfReactants>
® For authorship, publication info <listOfProducts> e
<speciesReference species="ES"/>
</1ist0fProducts>
® For links to other data resources <kineticLaw>
<math xmlns="http://www.w3.0rg/1998/]
<apply>
® [For semantics of mathematics <times/> _
<ci>»cytosol</ci>
<apply>
<minus/>
<apply>
...

*iCi ci>
<C1>FS=/C1i>

- .PJ"'I.'I‘ET\1 LR
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SBML provides syntax

<listOfSpecies>
. : <species compartment="cytosol"
® Raw models alone are insufficient <species compartment="cytosol"
<species compartment="cytosol" 1
. <species comp “zig="E"
¢ SBML only provides syntax </1ist0fSpecie
<listOfReacti
<reaction

® Need standard schemes for liotome
machine-readable annotations <speciesReference species="E"/>

<speciesReference species="S"/>
</listOfReactants>
® For authorship, publication info <listOfProducts> Cen
<speciesReference species="ES"/>
{/%isthPrnducts>
® For links to other data resources <kineticLaw>
<math xmlns="http://www.w3.0rg/1998/]
<apply>
® For semantics of mathematics <times/> _
<ci>»cytosol</ci>
. . <apply>
® Need common guidelines for aninus/>
. - : <apply>
minimal model quality and content

- .PJ"'I.'I‘ET\1 LR
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SBML provides syntax

® Raw models alone are insufficie

¢ SBML only provides syntax

% Need standard schemes for
machine-readable annotations

® For authorship, publication info
® For links to other data resources
® For semantics of mathematics

® Need common guidelines for
minimal model quality and content

Saturday, October 16, 2010

<listOfSpecies>
pecies compartment="cytosol"
ies compartment="cytosol"
2s compartment="cytosol"
s compartment="cytosol"

<listOfReactants>
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="ES"/
</1ist0fProducts>
<kineticLaw>
<math xmlns="http://www.w3.org/
<apply>
<times/>
<ci>»cytosol</ci>
<apply>
<minus/>
<apply>
<times/>
<ci»kon</ci>
<ci>E</ci>
<ci>S</ci>
</apply>
<apply>
<times/>
<ci>koff</ci>
<ci>ES</ci>

- .PJ"'I.'I‘ET\1 LR

initii
initi
initiq
initii

>

1998/1




SBML provides syntax

® Raw models alone are insufficie

¢ SBML only provides syntax

% Need standard schemes for
machine-readable annotations

® For authorship, publication info
® For links to other data resources
® For semantics of mathematics

@ Need common guidelines for
minimal model quality and content

Saturday, October 16, 2010

<listOfSpecies>
pecies compartment="cytosol"
ies compartment="cytosol"
2s compartment="cytosol"
s compartment="cytosol"

<listOfReactants>
<speciesReference species="E"/>
<speciesReference species="S"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="ES"/
</1ist0fProducts>
<kineticLaw>
<math xmlns="http://www.w3.org/
<apply>
<times/>
<ci>»cytosol</ci>
<apply>
<minus/>
<apply>
<times/>
<ci»kon</ci>
<ci>E</ci>
<ci>S</ci>
</apply>
<apply>
<times/>
<ci>koff</ci>
<ci>ES</ci>
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SBML provides syntax

<listOfSpecies>
. »r pecies compartment="cytosol" initi:
® Raw models alone are insufficie ies compartment="cytosol" initi
2s compartment="cytosol" initi:
s compartment="cytosol" initi:

¢ SBML only provides syntax

= Need standard schemes for CliotofReacsoness
machine-readable annotations <speciesReference species="E"/>

<speciesReference species="S"/>
</listOfReactants>
® I I I I 1stOfProducts>
For authorship, publication info B e tarence species_"ES"/>
)fProducts>
® For links to other data resource cLaw>
nath xmlns="http://www.w3.0rg/1998/1
<apply>
® For semantics of mathematics <times/> _
<ci>»cytosol</ci>
. . <apply>
@ Need common guidelines for aninus/>
. . . <apply>
minimal model quality and content <times/>
<ci»kon</ci>
<ci>E</ci>
<ci>S</ci>
</apply>
<apply>
<times/>
<ci>koff</ci>
<ci>ES</ci>

- fﬂl‘l“1 LR
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Need standardize annotations added to a model

“Minimum Information requested in the
annotation of biochemical models”

Proposed guidelines for annotation and
curation of quantitative models

¢ Specifically about encoding & annotation
® |imited to models that can be simulated

® Not specific to SBML—applicable to an
structured model format

® Community effort, originally lead by
Andrew Finney and Nicolas Le Novere

Saturday, October 16, 2010
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PERSPECTIVE

Minimum information requested in the annotation of
biochemical models (MIRIAM)

Nicolas Le Noveére!!%, Andrew Finney?!%, Michael Hucka?, Upinder S Bhalla*, Fabien Campagne®,

Julio Collado-Vides®, Edmund J Crampin’, Matt Halstead’,

Edda Klipp®, Pedro Mendes®, Poul Nielsen’,

Herbert Sauro'®, Bruce Shapiro!!, Jacky L Snoep'?, Hugh D Spence!® & Barry L Wanner!#

Most of the published quantitative model. iology are
lost for the community because they are either not made
available or they are insufficiently characterized to allow
them to be reused. The lack of a standard description format,
lack of stringent reviewing and authors’ carelessness are
the main causes for incomplete model descriptions. With
today’s increased interest in detailed biochemical models,
it is necessary to define a minimum quality standard for
the encoding of those models. We propose a set of rules for
curating quantitative models of biological systems. These
rules define procedures for encoding and annotating models
represented in machine-readable form. We believe their
application will enable users to (i) have confidence that
curated models are an accurate reflection of their associated
reference descriptions, (ii) search collections of curated
models with pre n, quickly identify the biological
phenomena that a given curated model or model constituent
represents and (iv) facilitate model reuse and composition
nto large subcellular models.

1European Bioinformatics Institute, Hinxton, CB10 1SD, UK.

2Physiomics PLC, Magdalen Centre, Oxford Science Park, Oxford,

0OX4 4GA K. 3Control and Dynamical Systems, California Institute of
Technology,Pasadena, California 91125, USA. “National Centre for Biological
Sciences, TIFR, UAS-GKVK Campus, Bangalore 560065, India. ®Institute
for Computational Biomedicine, Weill Medical College of Cornell University,
New York, New York 10021, USA. éCenter for Genomic Sciences, Universidad
Nacional Auténoma de México, Av. Universidad s/n, Cuernavaca, Morelos,
62100, Mexico. "Bioengineering Institute and Department of Engineering
Science, The University of Auckland, Private Bag 92019, Auckland, New
Zealand. 8Max-Planck Institute for Molecular Genetics, Berlin Center for
Genome based Bioinformatics (BCB), Ihnestr. 73, 14195 Berlin, Germany.
9Virginia Bioinformatics Institute, Virginia Tech, Washington St., Blacksburg,
Virginia 24061-0477, USA. '°Keck Graduate Institute, 535 Watson Drive,
Claremont, California 91711, USA. et Propulsion Laboratory, California
Institute of Technology, Pasadena, California 91109, USA. !2Triple-J Group
for Molecular Cell Physiology, Department of Biochemistry, Stellenbosch
University, Private Bag X1, Matieland 7602, South Africa. '3Department of
Scientific Computing & Mathematical Modeling, GlaxoSmithKline Research
& Development Limited, Medicines Research Centre, Gummels Wood

Road, Stevenage, Herts, SG1 2NY, UK. 14Purdue University, Department of
Biological Sciences, Lilly Hall of Life Sciences, 915 W. State Street, West
Lafayette, Indiana 47907-2054, USA. 15These authors have contributed
equally to the work. Correspondence should be addressed to N.L.N.

(e-mail: lenov@ebi.ac.uk).

Published online 6 December 2005; doi:10.1038/nbt1156

NATURE BIOTECHNOLOGY VOLUME 23 NUMBER 12 DECEMBER 2005

During the genomic era we have witnessed a vast increase in availabil-
ity of large amounts of quantitative data. This is motivating a shift in
the focus of molecular and cellular research from qualitative descrip-
tions of biochemical interactions towards the quantification of such
interactions and their dynamics. One of the tenets of systems biology
is the use of quantitative models (see Box 1 for definitions) as a mech-
anism for capturing precise hypotheses and making predictions!2.
Many specialized models exist that attempt to explain aspects of the
cellular machinery. However, as has happened with other types of bio-
logical information, such as sequences, macromolecular structures or

Box 1 Glossary

Some terms are used in a very specific way throughout the article.
We provide here a precise definition of each one..

Quantitative biochemical model. A formal model of a biological
system, based on the mathematical description of its molecular
and cellular components, and the interactions between those
components.

Encoded model. A mathematical model written in a formal
machine-readable language, such that it can be systematically
parsed and employed by simulation and analysis software without
further human translation.

MIRIAM-compliant model. A model that passes all the tests and
fulfills all the conditions listed in MIRIAM.

Reference description. A unique document that describes, or
references the description of the model, the structure of the
model, the numerical values necessary to instantiate a simulation
from the model, or to perform a mathematical analysis of the
model, and the results one expects from such a simulation or
analysis.

Curation process. The process by which the compliance of an
encoded model with MIRIAM is achieved and/or verified. The
curation process may encompass some or all of the following
tasks: encoding of the model, verification of the reference
correspondence and annotation of the model.

Reference correspondence. The fact that the structure of a

model and the results of a simulation or an analysis match the
information present in the reference description.

Le Novere et al., Nat. Biotech. 23 ‘05




Example interface in software: COPASI

St W | Concentrations

{ Species | Annotation  RDF Browser}

¥Model
vBiochemical Createdat 2010-07-16 5:04PM |3

v
Compl‘:lrtments Authors Family Name = Given Name Email Organization |
ce
vSpecies ‘ ‘ |
"Anthranilate synthase"
"Synthesized tryptophan"
"Total tryptophan"

» Reactions References Resource 1D | Description |
» Global Quantities 1 -- select -~ ’ \

Events
Parameter Overview
» Mathematical

Diagrams inti
Description Relationship Resource 1 D .
»Tasks

» Output Specifications Is Chesl CHEBI:27897_
» Functions 2 is KEGG Compound C00806
-- select -- | -- select --

Modified at % Date and Time Modified |
|

( Delete )( Delete All )
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Biochemical
vCompartments
cell
vSpecies
"Anthranilate synthase"

"Total tryptophan"

> Reactions
» Global Quantities
Events
Parameter Overview
»Mathematical
Diagrams

gecifications

\_
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Species Annotation RDF Browser
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\.

Description

Relationship Resource

1 |is | CcheB CHEBI:27897

2 is | KEGG Compound C00806
3 [--select-- [o-selet--
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Example interface in software: COPASI

St W | Concentrations

{ Species | Annotation  RDF Browser}

¥Model
vBiochemical Createdat 2010-07-16 5:04PM |3

v
Compl‘:lrtments Authors Family Name = Given Name Email Organization |
ce
vSpecies ‘ ‘ |
"Anthranilate synthase"
"Synthesized tryptophan"
"Total tryptophan"

» Reactions References Resource 1D | Description |
» Global Quantities 1 -- select -~ ’ \

Events
Parameter Overview
» Mathematical

Diagrams inti
Description Relationship Resource 1 D .
»Tasks

» Output Specifications Is Chesl CHEBI:27897_
» Functions 2 is KEGG Compound C00806
-- select -- | -- select --

Modified at % Date and Time Modified |
|

( Delete )( Delete All )
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n SBML

<species metaid="metaid 0000009" id="species 3" compartment="c_ 1">
<annotation>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:bgbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bqmodel="http://biomodels.net/model-qualifiers/">

<rdf:Description rdf:about="#metaid 0000009 ">
<bgbiol:is>
<rdf:Bag>
<rdf:1li rdf:resource="urn:miriam:obo.chebi:CHEBI%$3A15996"/>

<rdf:1i rdf:resource="urn:miriam:kegg.compound:C00044"/>
</rdf:Bag>
</bgbiol:is>
</rdf:Description>
</rdf :RDF>
</annotation>

</species>

Saturday, October 16, 2010
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<species metaid="metaid 0000009" id="species 3" compartment="c_ 1">
<annotation>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:bgbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bqmodel="http://biomodels.net/model-qualifiers/">

<rdf:Description rdf:about="#metaid 0000009 ">

<bgbiol:is>

:Bag>
<rdf:1i rdf:resource="urn:miriam:obo.chebi:CHEBI%$3A15996"/>
<rdf:1i rdf:resource="urn:miriam:kegg.compound:C00044"/>
</rdf:Bag>
</bgbiol:is>
</rdf:Description>
</rdf :RDF>
</annotation>

</species>

Saturday, October 16, 2010
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<species metaid="metaid 0000009" id="species 3" compartment="c_ 1">
<annotation>

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

xmlns:bgbiol="http://biomodels.net/biology-qualifiers/"

xmlns:bqmodel="http://biomodels.net/model-qualifiers/">

<rdf:Description rdf:about="#metaid 0000009">
<bgbiol:is>
<rdf:Bag>
<rdf:1i rdf:resource="urn:miriam:obo.chebi:CHEBI%$3A15996"/>

<rdf:1i rdf:resource="urn:miriam:kegg.compound:C00044"/>
</rdf:Bag>
</bgbiol:is>
</rdf:Description>
</rdf :RDF>
</annotation>

</species>

Saturday, October 16, 2010
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VVhat are the relationships!?

qualifier
model element annhotation

represents represents

biological relationship biological
entity A entity B
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the molecular complex
species X identified as “ABC" in

\/ data resource “D” )
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species X

reaction H

_

is a
version
of

the molecular complex
identified as “ABC’ in
data resource “D”

enzymatic activity as
identified by EC code*Y”
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VVhat are the relationships!?

qualifier
model element annhotation

represents represents

biological relationship biological
entity A entity B
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VVhat are the relationships!?

qualifier
model element annhotation

represents represents

biological relationship biological
entity A entity B
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MIRIAM Resources

EBI > Groups > Computational Neurobiology > Research > MIRIAM
® Provides 3 key resources: MIRIAM Resources

® Central catalog of agreed-upon

standard URNs for data types Browse the data types

Brief overview of the different data types stored in MIRIAM D.

® Facility for the community to add

: Next page >
and update entries

= People can“own” an entry 3DMET urn:miriam:3dmet SoNEsa

. : : ACLAME is a d

® Resolution services for software via urn:miriam:aclame genetic elemer
standard protocols (web services) o
substances into

® Developed by Camille Laibe in act and their th

. AP Anatomical classified in gro
NICOIaS Le NOVGI’GS gI’OUP @ EBI Therapeutic urn:miriam:atc groups (1st leve
Chemical 3rd and 4th leve

o o o 5th level is the cli
@ biomodels.net/miriam SlaasMeatior oy
and compari

ArrayExpress is

ArrayExpress urn:miriam:arrayexpress MIAME-compli

. - . arXiv is an e-
arXiv urn:miriam:arxiv
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MIASE

http://biomodels.net/miase/
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How was a given simulation output obtained?

® Procedures are not captured in SBML
* |t's a model representation formats, not a simulation language
® WVant to record essential steps to go from model to output data
® Essentially explaining how a figure in a paper (or database) was obtained
® Format must be independent of any particular simulation tool

® Format must be machine-readable to allow automation

Simulation Result

EIOMDO0000000007 - Novak1997_CellCycle

m Curated Models

T SBML L2 V1
= Mon-curated Models |_':-ﬂ - |

= Search & Simulation Result | GIF Reaction Graph | SVG Reaction Graph | Dynamic
= Simulate in JWS

<i» 2ubmit Model Comment/Bug

[~ -+ ++]

Proc Natl Acad Scill 5 A 1€

= Mews kmdalinm tha cantesl o F DS

Saturday, October 16, 2010



libSedML - Libraries and Tools supporting SED-ML

p.//libsedml.sourceforge.net/libSedML/Welcome.html

Welcome Screenshots Libraries SedMLScript Simulation Tool

libSedML - Libraries and Tools
supporting SED-ML

http://www.biomodels.net/sec

Changing a system from oscillation to chaos

\\.PUUUSV{-*—M.{ PII+V {-UMU§+—“\CFWJ - CPWJ \CPWJ .WU\‘EJ \CPWJ .J

<CNONQEYFELIPNES F£ALAGE=, \2PW] : 2PW[\2PW] : WOGE [\2PW] : |

SED-ML - Simulation Experiment Description - Markup Language
The SED-ML format allows to store in silico simulation experiments independently from the
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SBML Level 3
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VWhat are SBML “Levels’’?

® Specification document available from

The Systems Biology Markup Language (SBML):
Language Specification for Level 3 Version 1 Core

http://sbml.org/Documents D Eam e

® Newest: Level 3 Version | Core

® Oct.2010

GBML Marap Gngenge

@® About SBML “Levels’:

® Levels help manage significant restructuring of SBML architecture

® | evels coexist

= E.g., Level 2 models will remain valid and exist for a long time

® A Level is not solely a vertical change (i.e., more features)—there is
horizontal change too (i.e., changes to existing elements)
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Modularizing SBML

® The future of SBML
® Major extensions have been requested and are sorely needed
® But SBML is complicated enough

= Only the largest-scale efforts have implemented most of Level 2

® Idea (a natural one): modularize

® |ayer additional language extensions on top of a core

= Similar to XML: XML is core, then there’s MathML, etc.
¢ Additional benefits:

= Can decouple development of individual extensions

= Software can recognize & work with extensions it needs
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Evolution of features took time & practical experience

predefined math

. user-defined functions user-defined functions
functions
text-string math notation MathML subset MathML subset

reserved namespaces for no reserved namespaces no reserved namespaces
annotations for annotations for annotations

no controlled annotation RDF-based controlled RDF-based controlled
scheme annotation scheme ahnotation scheme

no discrete events discrete events discrete events
default values defined default values defined no default values

monolithic monolithic modular
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SBML Level 3

® SBML Level 3 is modular:
® “Core” defines common aspects
® “Packages” add optional features
= Models declare which packages they use

= TJools can tell their users which packages they support

SBML Level 3 Core
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SBML Level 3 packages in development

B

Diagram layout Finalized & updated for L3; needs review

Diagram rendering Finalized & updated for L3; needs review

Multi* species Finalized & updated for L3; needs review

Hierarchical composition New L3 specification now under discussion
Qualitative models Draft specification proposec
Groups Draft specification proposed

Steady-state models Draft specification proposec

Spatial geometry Draft specification proposec
Annotations Specification in development
Distribution & ranges Past spec. proposed; needs update for final L3

Arrays & sets Past spec. proposed; needs significant update

Spatial diffusion No specification yet

Dynamic structures No specification yet
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Hierarchical Model Composition
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Composition as it is currently envisioned

® Goals of model composition extension is to support the following:

® Models containing/including other models (“hierarchical models™)
= Arbitrary nesting depths
= Models may be defined internally or externally (in separate files)
Allow linking entities (species, compartments, reactions) between models
= Support links between internal and external models
Allow definition of explicit interfaces (“ports™)

= But make use of ports optional
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Models & submodels

Current SBML
Model “A”

Compartments ...
Species ...
Parameters ...

Reactions ...
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Models & submodels

Current SBML With model composition

Model “A” Model “A”

Compartments ... Compartments ...
Species ... Species ...

Parameters ... Parameters ...

Reactions ... Reactions ...

Model “B” Model “C”
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Model “A”

Compartments ...
Species ...
Parameters ...

Reactions ...

Model “B” Model “B” Model “B”
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Model “A”

Compartments ...
Species ...
Parameters ...

Reactions ...

Model “B” Model “C”

Model “D”

Compartments ...

Species ...
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A Separate files/resources
Model “A

Compartments ... Model “B”
Species ...

Compartments ...
Parameters ... Species ... Model “C”

Reactions ... Parameters ... Compartments ...

Reactions ... Species ...

Model “B” Parameters ...

Model “C” Reactions ...
Model “D”

Compartments ...

Species ... Think: libraries

Parameters ... of well-tested
models

Model “D”

Reactions ...
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Links/references/replacements

Model “outer”
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Links/references/replacements

Model “outer”

e .
Model “inner”

S|

Compartment “c”

Implied model

Model “outer”

S > S, > inner/X3

Compartment “c”
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Interfaces/ports

Model “outer”

Model “inner”

Compartment “c”

® Defined interfaces act as “‘contracts’

® Promote designed encapsulation & reuse of components
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Gory bits

® Unit conversions

® Need to specify how base units of one model are related to the base
units of another model

® For each entity link (species, compartment parameter), need to allow
conversion factors

= E.g.: X amount of glucose-6-phosphate in model M| should be
considered equal to Y amount in model M2
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Thanks for listening!

® How to keep informed about SBML and learn more:
* Join sbml-announce@caltech.edu (low-volume, broadcast-only)
* See http://sbml.org/Forums
SBML: http://sbml.org
MIRIAM: http://biomodels.net/miriam

MIASE: http://sourceforge.net/projects/miase
SBO: http://biomodels.net/sbo

BioModels Database:  http://biomodels.net/biomodels
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SBML’s Model

model

ist of function definitions

ist of unit definitions

ist of compartment types (Level 2 only)
ist of species types (Level 2 only)
ist of compartments

ist of species

ist of parameters

ist of initial assignments

ist of rules

ist of constraints

ist of reactions

ist of events
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SBML example

2 simple reactions:

A, B, C in concentrations

A(0) = 3 M
B(0) = 0

Reaction rl rate = kj[A] C(0) = 0

Reaction r2 rate = ky[B]

| compartment of volume 0.5 L ki =0.005
ko = Ix10
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Structure of SBML representation of the example

A, B, C in concentrations
A(0)=3M,B(0)=0,C(0)=0
| compartment of volume 0.5 L  k; = 0.005, k, = Ix10~

model
list of compartments
compartment id = “comp”’, initial volume = 0.5
list of species

species id = “A”, initial concentration = 3

species id = “B”, initial concentration = 0

species id =“C”, initial concentration = 0
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Structure of SBML representation of the example

A, B, C in concentrations
A(0)=3M,B(0)=0,C(0)=0
| compartment of volume 0.5 L  k; = 0.005, k, = Ix10~

list of reactions
reaction id =“rl|” reaction id = “r2”

list of reactants list of reactants

species reference to “A” species reference to “B”
list of products list of products

species reference to “B” species reference to “C”
kinetic law kinetic law

math =“ kl «A ¢ comp” math = k2 ¢« B * comp”
list of parameters list of parameters
parameter id = “k|”, parameter id = k2",
value = 0.005 value = Ix10-5
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