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The world before BioModels

e List of models on webpages. Generally a link to the model in some format

e Main repositories were ModelsDb (neuroscience), DOQCS (neuroscience),
the CellML and the SBML repositories. Plus a handful of personal web
pages

e 100% of the models in the SBML repository were wrong. Wrong structure,
wrong parametrisation, or did not produce the correct result

e |t was generally not possible to test the other repositories because of the
lack of tools
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Ruminations on Creating a Biomodels.net

Mike Hucka
mhucka@caltech.edn
The SBML Team

ntrol and Dynamical Systems, MC 107-
echnology, Pasgde A 91125, US

http://www.sbml.org/

California Instir

DRAFT
May 14, 2004

1 An Introduction

There are currently several project threads that have been Hoating around and I'd like to propose a project
that I think would bring some of them together into a unique and globally useful resource. These threads

include the following:
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1 An Introduction

There are currently several project threads that have been floating around and I’

DRAFT
May 14, 2004
BioModels Database

like to propose a project

that I think would bring some of them together into a unigue and globally usgful resource. These threads

include the following:

MIRIAM .

annotationsepoesitory on sbml.org was never meant to be a tull database, only a stop-gap collection until such
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People have been repeatedly voicing the desire forfa better database of SBML models. | The existing

time as we can find the resources to do better. It may be time to organize a real database.

N

People want databases of models to connect to other databases, especially databases of molecular

information, Medline, ete.

We have connections now to EBI and other groups who have expertise in databases and an eagerness
to connect them to computational modeling efforts in systems biology, The time is ripe for leveraging
these connections.

The SBML and CellML groups Bave a long-standing interest to connect not only to each other’s efforts,

but to others such as BioPAX. < COMBINE

We have technology now to translate a substantial portion of models from CellML to SBML. Technology
exists for translating SBML Level 1 to CellML, and although it doesn’t exist for SBML Level 2, there
is good reason to believe it could be implemented. It is therefore highly likely that a significant portion

SBO

The CellML group has been working orf ontologies for models fwhich may ultimately be an ideal basis

of models in practice can be cross-translated.

for a unifyving database schema that could serve as a master schema for storing models in format-
independent manner. (It is worth remembering that SBML was never designed to be a database
representation. [t may not be suitable for that role. Ditto for CellML. Internal to a database, it may
make sense to use a root schema from which projections of the contents of a model are then translated

out to SBML., BioPAX., CellML, whatever.)
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Heidelberg Fall 2004

RegulonDb

_ DOQCS SBML
JWS Online repository

CellML
repository

http:/lco.mbine.org/standards/miriam !ﬂl%
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What is BioModels?

e Store and serve quantitative models of biological interest

e Models described in the peer-reviewed scientific literature + models
automatically generated from pathway resources

e Models are curated: computer software check the syntax,
while human curators check the semantics

e Models are simulated to ensure they provide the expected results
e Model components are annotated, to improve identification and retrieval

e Models are accepted in several formats, and served in several others
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Process based biochemical models

Fernandez et al. DARPP-32 is a
7.00E-6 robust integrator of dopamine
and glutamate signals
6.00-6 PLoS Comput Biol (2006) 2: el76.
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Pharmacometrics models

8 . . . . . 16000 Tham et al (2008) A pharmacodynamic
| 14000 model for the time course of tumor
6 1 12000 shrinkage by gemcitabine + carboplatin in

non-small cell lung cancer patients.
Clin Cancer Res. 2008 14(13): 4213-8.
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Neuroscience models

CH:c=-50mVd=2

RS:c=-65mvVd=8

|zhikevich EM. Simple
model of spiking neurons.
IEEE Trans Neural Netw

B e R e (2003) 14(6):1569-1572.
1y
: BIOMD0000000127
°_/J/
rate rule: event: v = ¢
%:0.042+5XV+140—U+2' When”>vthfesh{ U—U+d
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Flux Balance Analysis models
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BioModels is not limited to biochemistry!

Is it about bio[logy|chemistry|medicine]?

Is it a computational model?

Is it published?

Then it should be in BioModels
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Was it worth 1t?
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Complexity of shared models on the rise

1600 - 500 relationships
per model
1400 - odels - 560000
1200 - s [0 |2tIONS DIPS _ 480000
1000 - - 400000
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BioModels growth (published models branch) since its creation
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“You should not develop standards and easy to use
modelling software. This allows biologists to write models,
and they don't know how to do it properly.”

Biomathematician, 2007

“By developing BioModels you harmed the cause of
modelling in biology. My students do not learn how to make
a model, they download it ready to use instead”

L Theoretical biologist, 2006
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What now?
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Expand the focus further

e Domain

Synthetic biology * More formats

Cell biology o Flexible infrastructure
Development e Evolution of what is a “model”
Physiology e More important role of metadata,
Neuroscience past the cross-references

e Types of models e Active links with other communities

Spatial models
Multi-agent models
Modular models

Statistical models
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Multi-scale modelling
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Why is modularity important?

e Different parts can be modelled with different approaches

e Alternative modules representing the same biological process
with different granularities or different modelling approaches

e Model families with alternative parts: avoid combinatorial
explosion

e Modules can be developed at their own pace; easier versioning

e Distributed maintenance. No single individual or group can
master the entirety of the project.
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et al., 2004; Castellanos et al., 2004, 2007; Domach et al.,
1984; Tomita et al., 1999), were limited by the difficulty in obtain-
ing the necessary model parameters. Subsequently, alternative

Cell variables

Cell process submodels



Single software not sufficient

pharmML ——> Sl Simulx

BML —> {@>coras:

BML —> {@>coras:

] —
BML—>  smolayaim

modular model
hybrid simulation system
discrete event detection

adaptive synchronization
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Generous funders

BBSRC EMBL-EBI
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