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History of Physiome Project
1997 IUPS Physiome Committee

1998 CellML, FieldML

1999 Systems Biology Markup Language

2003 IMAG (NIH, NSF, FDA, NASA, DOE, DOD, ..)

2006 STEP: Strategy for European Physiome
2008 VPH Network of Excellence

2009 Drug Disease Model Resources (DDMoRe)

2010 German Virtual Liver Network

2011 VPH Institute
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Virtual Liver Network

Objective: 9 Workpackages

e To create a multi-scale dynamic
mathematical model that X
represents, rather than fully @ 44 Projects

replicates human liver physiology, >200 contributing Scientists
morphology and function

69 Principal Investigators
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on application to address the @ oo @
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A Vision and Strategy for the VPH in 2010 and beyond

Peter Hunterl’z, Peter V. Coueneyg, Bernard de Boncﬁ, Vanessa DiazS, John Fenner®,
Alejandro F. Frangi?, Peter Harris®, Rod Hose®, Peter Kohl?, Pat Lawford®, Keith McCormack®,
Miriam Mendes?, Stig Omholt!®, Alfio Quarteronit!, John Skar'?, Jesper Tegnerﬂ, S. Randall Thomas
loannis Tollis®, loannis Tsamardinos®®, Johannes HGM van Beek!® and Marco Viceconti®”
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! Auckland Bioengineering Institute (ABI), University of Auckland, New Zealand

2 Department of Physiology Anatomy & Genetics, University of Oxford, UK

* Centre for Computational Science, University College London, UK

! European Bioinformatics Institute, European Molecular Biology Laboratory, Cambridge, UK

A vision and strategy for the virtual physiological human: 2012
update

Peter Hunter, Tara Chapman, Peter V. Coveney, Bermmard de Bono, Vanessa Diaz, John Fenner,
Alejandro F. Frangi, Peter Harris, Rod Hose, Peter Kohl, Pat Lawford, Keith McCormack, Miriam
Mendes, Stig Omholt, Alfio Quarteroni, Nour Shublaqg, John Skar, Karl Stroetmann, Jesper Tegner, S.
Randall Thomas, loannis Tollis, loannis Tsamardinos, Johannes H. G. M. van Beek and Marco
Vicecont

Interface Focus 2013 3, 20130004, published 21 February 2013

www.vph-noe.eu/images/vph_vision_2011_ 23dec2010.pdf




To cope W|th the multi-physics,
multi-scale, complexity of human biology
we must create reproducible models
with modular approaches
based upon data and modeling standards



A multi-scale bioengineering approach needs:

* Biophysically based models at every level
— as much as possible (there’s always a black box!)

 Adoption of model and data standards
- SBML, CellML, FieldML for models

 Automated assembly of multi-scale models
— molecule to organ(ism)

* Automated model reduction
— otherwise too expensive



Standards for models, data & software

Validation,

Limitations
(Journal review) tion
Re'erence

. description
Functiq:nal curation

i. ..................................... >

Verification, Benchmarks



Note on model publishing

Biophysical Journal

“To assure public access to computational models,
authors are strongly encouraged to deposit their models
in the CellML Model Repository models.cellml.org/cellml
or Biomodels Database www.ebi.ac.uk/biomodels-main/”

Similarly for many other journals.


http://models.cellml.org/cellml
http://models.cellml.org/cellml
http://www.ebi.ac.uk/biomodels-main/
http://www.ebi.ac.uk/biomodels-main/
http://www.ebi.ac.uk/biomodels-main/
http://www.ebi.ac.uk/biomodels-main/

Organ

system Physiome Projects
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Cardiovascular system
Respiratory system
Musculo-skeletal system
Digestive system

Skin (integument)
Urinary system
Lymphoid system
Female reproductive system
Special sense organs
Central nervous system
Endocrine system

Male reproductive system
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Physiome model repository (PMR)

Key features
Tommy Yu

Version controlled storage of models
— They are encapsulated as Workspaces.

Content management system (CMS) for presentation of models.
— The set of presentation views is known as Exposures.

Provides services to store, access and interact with models.

Links with external web-services to provide semantic reasoning
against model metadata across models.



PMR for anatomical models - FieldML

Thor Besier Hugh Sorby



Musculo-skeletal system
Web-accessible database of generic models (+ tissue structure):
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Generic models of the joints

© MMVIII Auckland Bioengineering Institute

Shim VB, Hunter PJ, Pivonka P, Fernandez JW. A multiscale framework based
on the physiome markup languages for exploring the initiation of
osteoarthritis at the bone-cartilage interface. IEEE Trans Biomed Eng. 58(12):3532-6, 2011
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Population atlases

Alistair Young www.cardiacatlas.org

Welcome!

ardiac Aﬂas

FRO_EC

About Resources Research Mews

| News

The Cardiac Atlas Project
Ethics Essays posted

The Cardiac Atlas Project seeks to establish a structural and e ) 519710 1:29 AM

functional atlas of the heart. This project is dedicated to combine i

cardiac modeling and biophysical analysis methods with a2

structural database for the comprehensive mapping of heart

structure and function.

We ve posted essays about
ethics of data ownership
and value on our website
The essays are written by
Sarah Anderson as part of
her student project in
Philosophy at the University
of Auckland They

CAP XML Model Format

SEPTEMBGER 20.24, 2010 ) 3/8/10 4:13 AM
MICCAI FELING - CHINE . The Cardiac Atlas Project
T F‘l { A 1

The Cardia Atlas Project is presenting in the
STACOM-CESC'10 workshop @

has releazed a DTD and
*ML Schema defining the
structure of a model
annotation and a=z=sociated
filez & g CMGUI exnode
files contours The XML
Model definition i= available
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PMR for cell models - CellML

—.ce||M|_ (www.cellml.org)
m—

u are b

CellML workshop 2010

markup language.

Jul 01, 2010

Pho

Featured articles
[F celiML
ing

ydel building

Cuellar AA, Lloyd CM, Nielsen PF, Halstead MDB, Bullivant DP, Nickerson DP, Hunter PJ.
An overview of CellML 1.1, a biological model description language.SIMULATION: Transactions of
the Society for Modeling and Simulation, 79(12):740-747, 2003


http://models.cellml.org/cellml
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Metabollsm (35 models)
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CellML signalling modules for the cardiac myocyte
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. Smad signalling
11.
12,
13.
14.
15.

Signaling

cAMP signalling

Calcium signalling - via
cADP-ribose signalling
NAADP signalling
Voltage operated channels (VOCs)
Receptor operated channels (ROCs)
IP;-Ca2* signalling (via PLC-PIP,)
DAG-PKC signalling (via PLC-PIP,)
PI4-5P, signalling
Inositol polyphosphate signalling
P13-Kinase signalling

NO-cGMP signalling

Redox signalling

MAP-Kinase signalling

NF-kB signalling

Phospholipase D (PLD) signalling

Sphingomyelin signalling

JAK-STAT signalling

Whnt signalling
Hedgehog signalling
Notch signalling

ER stress signalling
AMP signalling




Glucose transporter (GLUT2)

Glucokinase (GK)

Glucose-6 phosphatase (G6Pase)
Glucose-6-phosphate isomerase (GPI)
Glucose-1-phosphate 1,6-phosphomutase (G16PI)
UTP: Glucose-1-phosphate uridylyltransferase (UGT)
Pyrophosphate phosphohydrolase (PPase)
Glycogen synthase (GS)

Glycogen phosphorylase (GP)

Nucleosid diphosphate kinase (NDK)
Adenylate kinase (AK)

Phosphofructo kinase 2 (PFK2)
Fructo-2,6-bisphosphatase (FBP2)
Phosphofructo kinase (PFK1)
Fructose-1,6-bisphosphatase (FBP1)
Aldolase (ALD)

Triosephosphate isomerase (TPI)
D-Glyceraldehyde-3-phosphate: NAD+
oxidoreductase (GAPDH)
Phosphoglycerate kinase (PGK)
3-Phosphoglycerate mutase (PGM)
Enolase (EN)

Pyruvate kinase (PK)
Phosphoenolpyruvate carboxykinase (PEPCK)
Pyruvate carboxylase (PC)

Lactate dehydrogenase (LDH)

Lactate transporter (LACT)

Pyruvate transporter (PYRT)

PEP transporter (PEPT)

Pyruvate dehydrogenase (PDH)

Citrate synthase (CS)

Nucleosid diphosphate kinase (NDK)
Oxalacetate flux (OAAfIx)

Acetyl-CoA flux (ACOAfIx)

Citrate flux (CITfIx)
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@ OpenCOR

www.cellml.or

- OpenCOR www.opencor.ws

File View Tools Help
CelML Model Rep... & X
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noble_model_1962,celiml £

@ - @' Oms
b Simulation
b Solvers
v Parameters
Property Value
4 B leakage_current
@ EL -60
© gL 0.075
© i_leak -131415378072..
4 B membrane
O Cm 12
9OV -77.5220504097,..
Qv 0.047732503025...
4 B potassium_channel
@ 9Kl 0953440746043...
© g K2 0071583314496...
@ ik 23.040439161651

4 [ potassium_channel_n_gate
@ alph.. 0.000187516151...
© beta_n 0.001711162237...

@ n 0.494205573985...
@n - he
{FA)
4 @ sodium_channel FIEAEF
© ENa 4
@ gNa 0
@ g_Ma... 4

4 B sodium_channel

@ alph.. 0

B heta b0
Model type: OCE.
Simulation time: 0,04
Simulation time: 0.01
Simulation time: 0,04

Unit

millivelt
millis_per_cma
microA_per_..

microF_per_c...
millivelt
millivolt
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OpenCOR Help
&

OpenCOR

platform modelling
environment which can be
used to organise, edit,
simulate and analyse CellML
files on Windows, Linux and
0S5 ¥. The latest version can
be downloaded here.

|

Various information about

1 \ OpenCOR and its use can
| | be faund in the fallowing
| pages:
%]
.%. = Supported platforms
o » Userinterfaces

= Command line
interface (CLI)
n Graphical user
interface (GUI)
» Plugins
| ! n CellMl Annotatini

g X

) ET-1

& Er-1

Alan Garny Run OpenCOR

; V’

-

m


http://www.cellml.org/tools

6 month roadmap for OpenCOR

CellML authoring. This will use the MathML renderer.

Support for SED-ML (http://sed-ml.org)
using Frank Bergmann's API:
https://github.com/fbergmann/libSEDML

Incorporate BioSignalML API
CellML annotation using composites

Drag & drop model building


http://sed-ml.org
http://sed-ml.org
http://sed-ml.org
https://github.com/fbergmann/libSEDML

Data standards
www.BioSignalML.org




Editing

Simulation

Semantic annotation of models

@ bondarenko_2004_apical

&' Units

4 g Components
Et environment

membrane
calcium_concentration
calcium_fluxes
calcium_buffering
ryanodine_receptors
L_type_calcium_current
calcium_pump_current
sodium_calcium_exchange_current
calcium_background_current
sodium_concentration
fast_sodium_current
sodium_background_current
potassium_concentration
fast_transient_outward_potassium_current
slow_transient_outward_potassium_current
time_independent_potassium_current
slow_delayed_rectifier_potassium_current
ultra_rapidly_activating_delayed_rectifier_potassium
noen_inactivating_steady_state_potassiurm_current
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@ Ca_off_troponin_high_rateconstant

i@ Ca_off_troponin_low_rateconstant
4 I

COMPOUND: C06421

Kfee

Entry

Compound

Name

Formula

Exact mass|34

Mol weight|342.

Structure

Y
HO" I “OH

OH
Co6421

Jmol ) (KegDraw)

Mol fils ) (_KCF file ) (DB search)

Remark Same as: GO0O2E9

BRITE hierarchy)

Other DBs

KCF data

Ontologies:
ChEBI

GO
CellType
FMA

OPB

- chemical IDs

- cell component
- cells

- anatomy

- biophysics




Annotating CellML models

OpenCOR
« Authoring, curation
« Annotation
« Simulation

3

CellML Model

OWL knowledge base Ricordo
Has all reference ontologies. 0 Reasoning
Chebi - calcium over OWL-KB
OPB - concentration SemGen
GO (cell cpt) - cytosol Reasoning
FMA, ... 0 over OWL-KB
+ units +.composites _» OPB templates

Metadata (semantics)
Author, publications, etc
Model annotations*®

Add new composite & Reclassify
I.e. ‘calcium concentration in cytosol’ is indexed
so X_URI can be found in search

Maths (syntax)

X is calcium concentration /in cytosol/

% =f(x,..) u (a property associated with an entity)
‘ SparQL queries ‘ MIRIAM
PMR Ricordo RDF Triple store |

Mercurial DVS
Imports, provenance

Stored as RDF triple (3 URIs, one being the relation):
X_URI is_a_computational cpt_forcomposite_URI

* www.cellml.org/specifications/ metadata/mcdraft



http://www.cellml.org/specifications/metadata/mcdraft

Adding Annotations: SemGen

8 00 zSem Gen::
File Annotate Extract Merge Encode Help

¢ BIOMD0000000400.xml

Se

Codewords (73) A Ca (M)
Ca Bopkow O : Chemical concentration of Ca in Compartment 5
Catime P+ F Ca:time = Cpc*(J8+J11)%-1}
Ce g Composite annotation
Compartment : : - ™
P BX_F o | Chemical concentration (OPE) "J & ]ﬁ A
Cp [
property_of
Cpc .
Gd pex F @ | calcium(2+) (CHEBI)
Gd:time P F —
* | contained_in v
Gt PsX F @ : .
R e
Grtime P+ F | Cytosol of cardiac myocyte (FMA) vJ & fﬁ @ K
IP3 Pax ko Add entity
IP3:time P4 F
il . Singular annotation
Click t ar
J10 o L
111 . |
Sub-models (0) “”3?32’?;;;3““"””“ "
¥ — <rdf:1i rdf:resource="http://identifiers.org/uniprot/Q%z1B3"/> r
| I ) </rdf : Bag>
</bgbiol:isversionof=
</rdf:Description>
</rdf :RDF>
</annotation>
</species>
<species id="Pg" initialConcentration="0" name="Pg" metaid="_118%16" sboTerm="SBO:00002%6" compartment="Compartment">
<annotation=
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xmlns:bgmodel="http://biomodels.net/model-qualifiers/
<rdf:Description rdf:about="#_118916">
<bgbiol:hasPart>
<rdf :Bag>
<rdf:li rdf:resource="http://identifiers.org/obo.chebi/CHEBI:15996" />
<rdf:li rdf:resourc http://identifiers.org/uniprot/Q9z1B3" />
<rdf:1i rdf:resource="http://identifiers.org/uniprot/P27600"/>
</rdf:Bag>
</bgbiol:hasPart>
</rdf:Description>
</rdf : RDF>
<fannotation>
</species> -
<gpecies id="Ca" initialConcentration="0.1" name="Ca" metaid=" 118896" shoTerm="SBO:0000247" compartment="Compartment"> v

] T



Drag & drop model building

el a]
e CET: GUI version 3

€« [ & localhost: 9876/ get-web/

GET: Generalised Epithelial Transport

Library ~ Searching Welcome = New Model...
- Small molecules Some introductary text and documentation might go here ane day.

. Potassium ion

= Transporers

ICaL (TNMP'D4)

IK1 (TNNP'04)

Sodium - glucose
cotransporter

Sodium pump

INa (TNNPO4) : David Nickerson

* Whole cell

Empty cell

Created by David Nickerson and Hugh Sorby. Supported by the Virtual Physiological Rat Project, NIH Grant [P50-GM084503]




™
® 00 CET: GUI version 3

€« e localhost 9876/ get-web/

GET: Generalised Epithelial Transpart

Library ~ Searching Welcome ICal (TMNMP'04) Empty cell Sodium - glucose cotransporter MNew Model...

- Small molecules [=] save Model £ Rename Model + |Graphical view| «

 Transporters

ICal (TNNP'D4)

IK1 (TMNMP'D4)

Sodium - glucose
cotransporter

Sodium pump
INa (TNNP'04)

+ Whole cell

Empty cell

Created by David Nickerson and Hugh Sarby. Supported by the Virtual Physiological Rat Project, NIH Grant [P50-GM084503]




nr"\r"\

GET: Gl x Y [ editordc x | % BEYmercur: % | <Sworkflc % { {$}Buildinc % | %fClang - x* | w/Buildinc x |

&« o localhost: 9876/ get-weh/

GET: Generalised Epithelial Transport

Library Searching Welcome Empty cell Sodium - glucose cotransporter ICaLl (TMNP'04) New Model...

* Small molecules |5 | Save Model @ Rename Model = Graphical view =

. Potassium ion
. Calcium ion
. Sodium ion
@ chioride ion

« Transporters

ICaL (TNMNP'04)

K1 (TNNP'O4)

Sodium - glucose
cotransporter

Sodium pump

INa (TMNP'04)
« Whale cell

Empty cell

Created by David Mickerson and Hugh Sorby. Supported by the Virtual Physiological Bat Project, MIH Grant [P50-GM094503]
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GET: Gl x Y [ editordc x | % BEYmercur: % | <Sworkflc % { {}Buildinc % | %fClang - x* | ./ Buildin

&« o localhost: 9876/ get-weh/

GET: Generalised Epithelial Transport

Library Searching Welcome Empty cell Sodium - glucose cotransporter ICaLl (TMNP'04) New Model...

* Small molecules |5 | Save Model @ Rename Model = Graphical view =

. Potassium ion
. Calcium ion
. Sodium ion
@ chioride ion

« Transporters

ICaL (TNMNP'04)

K1 (TNNP'O4)

Sodium - glucose
cotransporter

Sodium pump

INa (TMNP'04)
« Whale cell

Empty cell

Created by David Mickerson and Hugh Sorby. Supported by the Virtual Physiological Bat Project, MIH Grant [P50-GM094503]
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GET: Gl x Y [ editordc x | % BEYmercur: % | <Sworkflc % { {$}Buildinc % | %fClang - x* | w/Buildinc x |

&« o localhost: 9876/ get-weh/

GET: Generalised Epithelial Transport

Library Searching Welcome Empty cell Sodium - glucose cotransporter ICaLl (TMNP'04) New Model...

* Small molecules |5 | Save Model @ Rename Model = Graphical view =

. Potassium ion
. Calcium ion
. Sodium ion
@ crioride ion

« Transporters

ICaL (TNMNP'04)

K1 (TNNP'O4)

Sodium - glucose
cotransporter

Sodium pump

INa (TMNP'04)
« Whale cell

Empty cell

Sodium - gucoge colransparter

Created by David Mickerson and Hugh Sorby. Supported by the Virtual Physiological Bat Project, MIH Grant [P50-GM094503]




ala)
e GET: GUI version 3

L c localhost: 9876/ get-we

GET: Generalised Epithelial Transport

Library Searching

» Small molecules

... Potassium ion

... Calcium ian
l.l Sodium ion
@ criorice ion

* Transporters

ICal (TNNP'04)

K1 (TNMNP'04)

Sodium - glucose
cotransporter

Sodium pump
IMNa (TMMNF'04)

* Whale cell

Empty cell

Welcome ICal (TNMP'04)

Empty cell

Sodium - glucose cotranspaorter

|| Save Model £ Rename Model ~ Simulation view| ~

Protocols
Generic current-voltage
Calcium clamp

Voltage clamp

4

Created by David Nickerson and Hugh Sorby. Supported by the Virtual Physiological Rat Project, MIH Grant [P50-GM0O94503]
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