COMBINEG

Edinburgh 6 -9'OcPzsses

The Physiome langua gés.'

™ CellML & FieldML

PN

instilule Aty ol Auckland

—

Qf;ﬁ\/.
f Virtual Physiological Human
network of excellence

Maurice Wilkins
Centre



Talks

1. Peter Hunter: Intro. PMR2
2. Poul Nielsen: CellML1.1 modularity
3. David Nickerson: Workflows & GUI interfaces,
LinkingCellMLto fields
through FieldML
Catherine Lloyd:  Curationof CellMLmodels
4. AlanGarny. OpenCell status and plans

30 mins Discussion
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Key requirements

. Minimum information standards

. Markup languages for models and data

. ML standard for the simulation experiment

. Models and data repositories

. Meta data standards for annotating the models

ools for authoring models, running simulation:
visualising models and data

. Mechanisms for handling the reference

description of a model
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www.cellml.org
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Y¥ou are here: Home

The CellML project

The CellML language is an open standard based on the XML markup language.
CellML is being developed by the Auckland Bioengineering Institute at the
University of Auckland and affiliated rezearch aroups.

The purpose of CellML is to store and exchange computer-based mathematical
models. CellML allows scientists to share models even if they are using different

modelling tools. It also enables them to reuse components from one model in

another, thus accelerating model development. Read more

About CellML

Find out about the CellML language;
what it can be used for, its history,
and future directions.

Getting Started

Mew to CellML? This section collates
information about CellML and tutorials
that will help get vou up and running
with CellML.

CellML at IUPS2009

Members of the CellML project will run
a tutorial at IUPS2009 to provide
hands-on experience of CellML and
other Physiome Project software.

- RESOUrC

ces for tutorial attendees

Photo: flowzim

Tools

The CellML community is committed
to providing freely available tools for
creating, editing, and using CellML

models.

Model repository

The model repository is a resource
where modelers can collaborate with
each other to build and share models
with the rest of the world.

Specifications

Read the CellML specifications - core
language and a wvariety of metadata
zpecifications are available.

Community

CellML is built around open source
science and software. The cellml.org
website 1s a community hub for all
things CellML.

Featured articles

& Modelling Tools: PCEnv, COR &
OpenCell

B cellML Workshop 2009 report
F CellML scope
B cellML publications listing

& opencell basic model building
tutorial

& Frequently Asked Questions

Maore...

News
[ CellML tutorial at IUPS2009

[& 1uPs2009 CellML workshop
annocuncement

[= CellML Tools page updated

[ Notification: Representation of
e-notation in CellML Repository
models will be changing

[ Request for details of CellML-

related publications

[Z Friendfeed for CellML SBGN SBCO
BioP&X MIASE Waorkshop

j PCEnv 0.6 and CellML APT 1.6
Released

[ Request for model translations
into CellML

More

Funding agencies

Thanks to our funding partners: WPH
NoE, Maurice Wilkins Centre for
Maolecular Biodiscovery, aneurlsT,
IUPS Physiome Project,
Trust.

Wellcome




www.cellml.org/models

CellML Model Repository

Main Model Listing

-

The list of processed model exposures (formats: per page | full list), which are models that have documentation
pages generated from the metadata they contain. Alternatively, you may start browsing via the categories that are listed

below:

Please note: Comments about the functional status or curation status of the models within this repository are the the
opinions of the CellML Model Repasitory curators. We do our best to accurately represent these models, but please
contact us if you have a query or issue with comments made on this site.

Browse by category

Calcium Dynamics
Cardiovascular Circulation
Cell Cycle

Zell Migration

e -

1

Electrophysiology

£ T —
Ewcitation-Caontraction Coupling
Gene Regulation

Mechanical Constitutive Laws
Metabolism

Myofilament Mechanics

pH Regulation

Signal Transduction

[ = 1 = v
Synthetic Biology

Searching

Searching of models can be done anywhere on the site using the search box on the upper right hand corner.




Electrophysiology

Electrophysiology

[& Adrian, Chandler, Hodgkin, 1970

Valtage clamp experiments in striated muscle fibres

[& Albrecht, Colegrove, Friel, 2002

Differential Regulation of ER Ca2+ Uptake and Release Rates Accounts for Multiple Modes of Ca2+-induced CaZ+ Release

[& Albrecht, Colegrove, Hongpaisan, Pivovarova, Andrews, Friel, 2001

Multiple Modes of Calcium-induced Calcium Release in Sympathetic Neurons 1@ Attenuation of Endoplasmic Reticulum Ca2+ Accumulation at Low [Ca2+]i during
Weak Depolarization

[ Beeler, Reuter, 1977

Reconstruction of the action potential of ventricular myocardial fibres

[5 Bernus, Wilders, Zemlin, Verschelde, Panfilov, 2002

A computationally efficient electrophysiological model of human ventricular cells

[ Bertram, Previte, Sherman, Kinard, Satin, 2000

The Fhantom Burster Model for Pancreatic Beta Cells

[& Bertram, Satin, Zhang, Smolen, Sherman, 2004

Calcium and Glycolysis Mediate Multiple Bursting Modes in Pancreatic Islets (a)

& Bertram, Sherman, 2004

A Calcium-baszed Phantom Bursting Model for Pancreatic Islets

[ Bertram, Smolen, Sherman, Mears, Atwater, Martin, Soria, 1995

A role for calcium release-activated current (CRAC) in cholinergic modulation of electrical activity in pancreatic beta-cells
[& Bondarenko, Szigeti, Bett, Kim, Rasmusson, 2004

A Computer Model for the Action Potential of Mouse Ventricular Myocytes (a)

[% Boyett, Zhang, Garny, Holden, 2001

Control of the pacemaker activity of the sinoatrial node by intracellular Ca2+. Experiments and modelling
[% Butera, Rinzel, Smith, 1999

Models of Respiratory Rhythm Generation in the Pre-Botzinger Camplex. I. Bursting Pacemaker Neurons
[& chang, Fujita, 1999

A kinetic model of the thiazide-sensitive Na-Cl cotransporter (a)

[& chang, Fujita, 1999

A kinetic model of the thiazide-sensitive Ma-Cl cotransporter (b))

[& Chang, Fujita, 1999

A numerical model of the renal distal tubule

[& chang, Fujita, 2001

A numerical model of acid-base transport in rat distal tubule (renal_anion_exchanger_maodel)




. . . . . OpenCell:
This variant of the model was created by Penny Moble of Owxford University, and represents the parameters given for the P

= .
M-cell variant in Ten Tusscher et al. 2004. A stimulus protocol component has been added to the model to allow 15im:
simulation of trains of action potentials. This file is known to run in OpenCell and COR to recreate the published results. COR:

The units have been checked and they are consistent.

Source
Model Structure

Derived from workspace Tentusscher,
ABSTRACT: The experimental and clinical possibilities for studying cardiac arrhythmias in human ventricular myocardium

Moble, Noble, Panfilowv, 2004 at

are very limited. Therefore, the use of alternative methods such as computer simulations is of great importance. In this changeset 5adc40e31986.

article we introduce a mathematical model of the action potential of human wventricular cells that, while including a high

lewvel of electrophysiclogical detail, is computationally cost-effective enough to be applied in large-scale spatial simulations
for the study of reentrant arrhythmias. The model is based on recent experimental data on maost of the major ionic Downloads

currents: the fast sodium, L-type calcium, transient outward, rapid and slow delayed rectifier, and inward rectifier Camplete Archive as tg2
LS cLle Al v do L
currents. The maodel includes a basic calcium dynamics, allowing for the realistic modeling of calcium transients, calcium
. . . . . . . . Moo "'.-: 1 =1
current inactivation, and the contraction staircase. We are able to reproduce human epicardial, endocardial, and M cell Download This File

action potentials and show that differences can be explained by differences in the transient outward and slow delayed

rectifier currents. Qur model reproduces the experimentally observed data on action potential duration restitution, which

. . . . ) . L . Views available
iz an important characteristic for reentrant arrhythmias. The conduction velocity restitution of our model is broader than

in other models and agrees better with available data. Finally, we model the dynamics of spiral wave rotation in a

two-dimensional sheet of human wventricular tissue and show that the spiral wave follows a complex meandering pattern

and has a period of 265 ms. We conclude that the proposed model reproduces a variety of electrophysiological behaviors
and provides a basis for studies of reentrant arrhythmias in human ventricular tiszue.

The original paper reference is cited below: Cite this model

Source View

& model for human ventricular tissue, K.H.W.]. ten Tusscher, 0. Noble, P.J. Noble, and A.V. Panfilov, 2004, American
Journal of Physiology , 286, H1573-H1589. PubMed ID: 14656705 Simulate using OpenCell

License

This work is licensed under a Creative

Commons Attribution 3.0 Unported

License.




Mathematics

Component: transient_outward_current_r_gate

dr _ 233 1+ e~ IVHHESY )
cllime Lo ; !

Component: L_type_Ca_channel

i_Ca_L_Ca=4dfP_Ca_L_Ca(V - SOF/RT(1 — o~ 2V - 3ERT 0y j TOOFIRT _ 0y gp= 20V =3EFRT

— 1V — =||||I.'..'H'II'|

5—I1-.—.=I'||.!-'..'IR.|I.:”:H il-\..=l'|I'..'IH.|I._ E oo ; II

i_Ca LK =00020P Ca_ L_CalV - F-'I|I-'.-'H'-"|:| -

~(V=S0F(RT | ; SOFIRT

i Ca_L_Na=0.01fP_Ca_L_CaiV — S03F/RT(1 = ¢ [ Ma_i — (V-S5O F/RT)

— Mu_op |

o L=iCa L Ca+i Ca L K+ i Ca LL_Na

Component: L_type_Ca_channel_d_gate

Ed d=%+24-5

spaec_clw ] 20 i JEO_cl| = 00000

alpha_d = 4 ) . '
. — 1l i i -
l specd_dw30ED_d/ |1 - & E. ILI'4| il
i ]




. . . . . OpenCell:
This variant of the model was created by Penny Moble of Owxford University, and represents the parameters given for the P

= .
M-cell variant in Ten Tusscher et al. 2004. A stimulus protocol component has been added to the model to allow 15im:
simulation of trains of action potentials. This file is known to run in OpenCell and COR to recreate the published results. COR:

The units have been checked and they are consistent.

Source
Model Structure

ABSTRACT: The experimental and clinical possibilities for studying cardiac arrhythmias in human ventricular myocardium

MNoble, Mol
changeset Sadcd4le

are very limited. Therefore, the use of alternative methods such as computer simulations is of great importance. In this
article we introduce a mathematical model of the action potential of human wventricular cells that, while including a high

lewvel of electrophysiclogical detail, is computationally cost-effective enough to be applied in large-scale spatial simulations
for the study of reentrant arrhythmias. The model is based on recent experimental data on maost of the major ionic Downloads
currents: the fast sodium, L-type calcium, transient outward, rapid and slow delayed rectifier, and inward rectifier Camplete Archive as tg2
currents. The maodel includes a basic calcium dynamics, allowing for the realistic modeling of calcium transients, calcium
current inactivation, and the contraction staircase. We are able to reproduce human epicardial, endocardial, and M cell Download This File

action potentials and show that differences can be explained by differences in the transient outward and slow delayed

rectifier currents. Qur model reproduces the experimentally observed data on action potential duration restitution, which Views available
iz an important characteristic for reentrant arrhythmias. The conduction velocity restitution of our model is broader than
in other models and agrees better with available data. Finally, we model the dynamics of spiral wave rotation in a Model Metadata

two-dimensional sheet of human wventricular tissue and show that the spiral wave follows a complex meandering pattern I )
Mathematics

and has a period of 265 ms. We conclude that the proposed model reproduces a variety of electrophysiological behaviors
and provides a basis for studies of reentrant arrhythmias in human wventricular tissue. @

Cite this model

The original paper reference is cited below:

& model for human ventricular tissue, K.H.W.]. ten Tusscher, 0. Noble, P.J. Noble, and A.V. Panfilov, 2004, American
Journal of Physiology , 286, H1573-H1589. PubMed ID: 14656705 Simulate using CpenCell

License

This work is licensed under a Creative

Commons Attribution 3.0 Unported

License.




You are here: Home — Workspaces — Tentusscher, Noble, Noble, Panfilow, 2004 Leg in | Registe

view log shortlog manifest

actions ¥

Tentusscher, Noble, Noble, Panfilov, 2004

Summary

Owner

admin ==

URI for Mercurial clone/ pullfpush

http:/fmodels.cellml.org/workspace/tentusscher_noble_noble_panfilov_2004

Most recent changes

Date Author Log Options Exposure

2 months Catherine Penny's changes: Difference in stimulus current - now consistent with other models. [manifest] Ten Tusscher, Noble,

ago Lloyd Alzo odes for fCa and g. [zip] [gz] Moble, Panfilov, 2004

4 months Catherine . [manifest] Ten Tusscher, Nable,
Removed .05 file from the workspace. I i
ago Lloyd [zip] [gz] Maoble, Panfilov, 2004

4 months ) . o ) [manifest X
Made new =ession file, now all traces highlight and are clickable I ] (none)
ago [zip] [gz]

4 months . . . ) [manifest]
Fixed zoom in session file

e (none)
ago [zip] [gz]

5 months ) ) ) [manifest Ten Tusscher, Naoble
- Geoff Nunns | Added titles for each variant in RDOF. o ] - !
ago [zip] [gz] Maoble, Panfilov, 2004
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& schematic diagram describing the ion movement across the cell surface membrane and the sarcoplasmic reticulurm, which are
dezcribed by the Ten Tusscher et al. 2004 mathematical madel of the human ventricular myocyte.




PMR2 PhysiomeModel Repository 2)

models.cellml.org
models.fieldml.org

CellML1.1 API awvww.cellml.org
Initial FieldMLAPI is now available at
www.fieldml.org



http://www.cellml.org/
http://www.fieldml.org/

models.celiml.org

Currently about 500 models
About half are curated
Annotation is beginning



Extracellular
Matrix

Calcium dynamics
(63 models)

i e
(ADPY ) (MgADE)

Cell cycle
(25 models)

Novak et al 1998



Cell migration
(2 models)

SpiI’O et al 1997

Circadian rhythms
(9 models)

Goldbeter et al 2008



Electrophysiology
(117 models)

Bondarenko et al 2004

Excitation -contactlon Coupllng
(15 models) =

Caleiuum sensitivity
flenigth dagendent)

Terkildsen et al 2004



Endocrine system
(29 models)

Osteocytes,
lining cells, synthesis
apoptotic osteoblasts

= JRANK st precursors
el I )
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A
£
Q
o
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[y

Lemaire et al 2005

%3

Kyrylov et al 2005 | Bodytissues




Gene regulation

DNA repair
(3 models)

Vilar et al 2002 Aguda et al 1999

Mechanical constitutive laws
(11 models)

Ben-Tal et al 2006



Metabolism
(35 models)

AcCoA CoA

OAA
Py

\J' NAD
\1 Al o R
v 2 NADH
ASP aKG
}(»\1 Am)l! NAD
SDH  CoA
}» ADH, \m SCoA NADH

Moty D (.4 A)DP

G(A)TP __@‘— el g
Cortassa et al 2003

Myofilament mechanics
(15 models)

Regulatory
Subsystem

n-ADP-Pi

Micek et al 2001



PKPD models
(7 models)

A

A

Grange , Holford , Guentert , 2001
A pharmacokinetic model to predict the PK interaction of L -dopa and
benserazide inrats (L -dopa + Benserazide ).

Lockwood, Ewy, Hermann, Holford , 2006
Application of clinical trial  simulation to compare proof -of -concept study designs
for drugs with a slow onset of effect; an example in Alzheimer's  disease.

Overgaard, Holford , Rytved , Madsen, 2007
PKPD model of interleukin  -21 effects on thermoregulation in monkeys.

Tham , Wang, Soo, Lee, Lee, Yong, Goh, Holford , 2008
A pharmacodynamic model for the time course of tumor shrinkage by
gemcitabine + carboplatin  in non-small cell lung cancer  patients.

Yang, Tong, McCarver , Hines, Beard, 2006
Population based analysis of methadone distribution and metabolism using
an age -dependent physiologically based pharmacokinetic model.



Signal transduction
(43 models)

Chen et al 2006



Neurobiology (17 models)

A Bertram , Rhoads, Cimbora , 2008. A phantom bursting  mechanism for
episodic bursting.

A Butera , Rinzel , Smith, 1999. Models of respiratory rhythm generation in
the pre-Botzinger complex ..

A Cloutier , Bolger, Lowry, Wellstead , 2009. An integrative dynamic model
of brain energy metabolism ..

A Friel , 1995. Ca2* oscillations in sympathetic neurons: an experimental
test of a theoretical  model.

A Li, Bertram, Rinzel, 1996. Modeling N-methyl -D-aspartate induced
bursting in dopamine  neurons.

A Ostby etal, 2008. Astrocytic processes explaining neural -activity
induced shrinkage of extraneuronal space.

A Phillips , Robinson, 2008. Sleep deprivation in a quantitative
physiologically based model of the ascending arousal system.

Purvis , Butera , 2005. lonic current model  of a hypoglossal motoneuron

Purvis , Smith, Koizumi, Butera , 2007. Intrinsic bursters increase the
robustness of rhythm generation inan excitatory network ..

A Tabak , Mascagni, Bertram, 2010. Mechanism for the universal
pattern of activity in developing neuronal networks.

p S



Synthetic biology (5 models)

Repressilator Reporter

P I1c01

amp
‘_h tetR-lite

T P tetO]
f" ;" kan®
pSC101 | 'I ‘Gfi- aav
OT’IC in
Acl q Lacl \""‘.,‘ GFP ‘ ‘,.

\‘_,\

\
lacl-li — \EW
Co
% cl-lite _»-

P tet0T

Elowitz , Leibler , 2000
A synthetic oscillatory network of transciptional regulators

Cooling , Rouilly , Misirli , Lawson, Yu, Hallinan , Wipat , 2010
Standard Virtual Biological Parts: A repository of modular modeling
components for synthetic biology
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models.fieldml.org

#) Mathematical model of geometry and fibrous structure of the heart. — CellML Model Repository - Moxzilla Firefox
File Edit View History Bookmarks Tools Help
@ - C @&y (s http://models.fieldml.org/exposure/93e48151d62b9014baaf3542ebb16215/heart.rdf/view

w Mathematical model of...

’—"’7_;—

A

Search Site

You are here: Home — Exposures — Mathematical model of geometry and fibrous structure of the heart. — Mathematical model of geometry and fibrous structure of the heart.

Mathematical model of geometry and fibrous structure of the heart.

We developed a mathematical representation of ventricular geometry and muscle fiber organization using three-dimensional
finite elements referred to a prolate spheroid coordinate system. Within elements, fields are approximated using basis
functions with associated parameters defined at the element nodes. Four parameters per node are used to describe
ventricular geometry. The radial coordinate is interpolated using cubic Hermite basis functions that preserve slope
continuity, while the angular coordinates are interpolated linearly. Two further nodal parameters describe the orientation of
myocardial fibers. The orientation of fibers within coordinate planes bounded by epicardial and endocardial surfaces is
interpolated linearly, with transmural variation given by cubic Hermite basis functions. Left and right ventricular geometry
and myocardial fiber orientations were characterized for a canine heart arrested in diastole and fixed at zero transmural
pressure. The geometry was represented by a 24-element ensemble with 41 nodes. Nodal parameters fitted using least
squares provided a realistic description of ventricular epicardial [root mean square (RMS) error less than 0.9 mm] and
endocardial (RMS error less than 2.6 mm) surfaces. Measured fiber fields were also fitted (RMS error less than 17 degrees)
with a 60-element, 99-node mesh obtained by subdividing the 24-element mesh. These methods provide a compact and
accurate anatomic description of the ventricles suitable for use in finite element stress analysis, simulation of cardiac
electrical activation, and other cardiac field modeling problems.

To launch the model, please select the Zinc Viewer to the right.

Print this

Log in  Register

Model Curation

Curation Status:

Source

Derived from workspace Heart Model
at changeset b8ab6cccbf29.

Downloads

Complete Archive as .tgz

Download This File

Views available

FieldML Metadata
Source View
Zinc Viewer

Cite this model

License

This work is licensed under a Creative
Commons Attribution 3.0 Unported
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i r sensitivity. Log iin | Register

u ans r=: Home — Exposures . Verisculsr mechanics in diasizl=: material pasamebsr seneil NIy . — Wentriculsr machanics in diastol=: ma

‘H'Elltrn:ular mechanics in diastole: material parameter sensitivity. Model Curation

Madels of ventricular mechanics have been developed owver the last 20 years to include finite deformation theory,
anisotropic and inhomogeneous material properties and an accurate representation of ventricular geometry, As
computer performance and the computational efficiency of the models improve, clinical application of these heart

Curation Status

mechanics models is becoming feasible. One such application is to estimate myocardial material properties by Source

adjusting the constitutive parameters to match wall deformation from MRI or ultrasound measurements, together Derived from workspace
with 2 measurement [or estimate) of wventricular pressure, Pigs are now the principal large animal model for these Lighting at changeset
studies and in this paper we present the development of a new three-dimensional finite element model of the heart | 421 p223hdd7
based on measurements of the geometry and the fibre and sheet orientations of pig hearts, The end-diastelic
deformation of the model is computed using the "pole-zers" constitutive law which we have previcusly used to
model the mechanics of passive myocardial tissue specimens. The sensitivities of end-diastolic fibre-sheet

material strains and heart shape to changes in the material parameters are computed for the parameters of the

Downloads

Complete &rchive as .tgz
pole-zero law in order te assess the utility of the madels for inverse material property determinatian, | ) |
Ciownload This File

Views available

License

This work is licensed under a
Creative Commons Attribution 2.0
Unported License,

Mavigation
. Ventricular mechanics in

diastele: material parameter
Sensitivity.

The rendered result of this model.




Model Curation

Curation Status

Source

Navigation

3 Ventricular mechanics in
diastole: material parameter
sensitivity.
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