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Modelling in CellML

]
®m CellML focus on representing mathematical
formulations of biological processes

A reaction modelled in CellML: L+R -> Rl
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CellML code

m A reaction modelled in CellML: L+R -> Rl

<model name="complex_formation" cmeta:id="complex_formation"
xmins="http://www.cellml.org/cellm|/1.0#"
xmins:cellml="http://www.cellml.org/cellml/1.0#"
xmins:cmeta="http://www.cellml.org/metadata/1.0#"
xmins:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmins:dc="http://www.purl.org/dc/elements/1-1#"
xmins:biopaxbinding="http://www.sarala.bioeng.auckland.ac.nz/cellmlbiopaxbindir|

<units name="micromolar">
<unit units="mole" prefix="micro"/>
<unit units="litre" exponent="-1"/>
</units>
<units name="flux">
<unit units="micromolar"/>

<unit units="second" exponent="-1"/>
</units>
<units name="second_order_rate_constant">
<unit units="micromolar" exponent="-1"/>
<unit units="second" exponent="-1"/>
</units>
<component name="environment">
<variable name="time" units="second" public_interface="out"/>
</component>
<component name="1
<variable name="“L" units="micromolar" initial_valu " public_interface="out"/>
<variable name="J_L" units="flux" public_interface="in"/>
<variable name="time" units="second" public_interface="in"/>
<math xmlIns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<eq/>
<apply>
<diff/>
<bvar>
<ci>time</ci>
</bvar>
<ci>L</ci>
</apply>
<Ci>J_L</ci>
</apply>
</math>
</component>
<component name="R">
<variable name="R" units="micromolar” initial_value="1" public_interface="out"/>
<variable name="J_R" units="flux" public_interface="in'
<variable name="time" units="second" public_interface="in"/>
<math xmlIns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<eq/>
<apply>
<diff/>
<bvar>
<ci>time</ci>
</bvar>
<ci>R</ci>
</apply>
<cCi>J_R</ci>
</apply>
</math>
</component>

<component name="RI_complex">
<variable nam |_complex" units="micromolar" initial_value="1" public_interface="out"/>
<variable nam |_RI" units="flux" public_interface="in"/>
<variable nam me" units="second" public_interface="in"/>
<math xmins="http://www.w3.org/1998/Math/MathML">
<apply>
<eq/>
<apply>
<diff/>
<bvar>
<ci>time</ci>
</ovar>
<ci>RI_complex</ci>
</apply>
<ci>J_Rl</ci>
</apply>
</math>
</component>
<component name="reaction">
<variable name="J_L" units="flux" publi
<variable nam
<variable nam
<variable name="
<variable nam units="micromolar" public_interface:
<variable name="R" units="micromolar" public_interface:
<variable name="RI_complex" units="micromolar" public_interface="in"/>
<variable nam its="second" public_interface="in"/>
<variable nam 1" units="second_order_rate_constant" public_interface="in"/>
<math xmins="http://www.w3.org/1998/Math/MathML">
<apply>
<eq/>
<ci>J</ci>
<apply>
<times/>
<ci>k1</ci>
<ci>L</ci>
<ci>R</ci>
</apply>
</apply>
<apply>
<eq/>
<ci>J_L</ci>
<apply>
<times/>
<ci>J</ci>
<apply>
<minus/>
<cn cellml:units="dimensionless">1</cn>
</apply>
</apply>
</apply>
<apply>
<eq/>
<ci>J_R</ci>
<apply>
<times/>
<ci>J</ci>

<apply>
<minus/>
<cn cellml:units="dimensionless">1</cn>
</apply>
</apply>
</apply>
<apply>
<eq/>
<ci>J_Rl</ci>
<apply>
<times/>
<ci>J</ci>
<cn cellml:units="dimensionless">1</cn>
</apply>
</apply>
</math>

</component>
<component name="rate_constant">
<variable name="k1" units="second_order_rate_constant" initial_value="1" public_interface="out"/>
</component>
<connection>
<map_components component_1="L" component_2="reaction"/>

/>

_L"/>

<map_variables variable_1="L" variable_2=
<map_variables variable_1="J_L" variable_:

</connection>

<connection>
<map_components component_1="L" component_2="environment"/>
<map_variables variable_1="time" variable_2="time"/>

</connection>

<connection>
<map_components component_1="R" component_2="reaction"/>
<map_variables variable_1="R" variable_2="R"
<map_variables variable_1="J_R" variable_:

</connection>

<connection>
<map_components component_1="R" component_2="environment"/>
<map_variables variable_1="time" variable_2="time"/>

</connection>

<connection>
<map_components component_1="RI_complex" component_2="reaction"/>
<map_variables variable_1="RI_complex" variable_2="RI_complex"/>
<map_variables variable_1="J_RI" variable_2="J_RI"/>

</connection>

<connection>
<map_components component_1="RI_complex" component_2="environment"/>
<map_variables variable_1="time" variable_2="time"/>

</connection>

<connection>
<map_components component_1="reaction" component_2="rate_constant"/>
<map_variables variable_1="k1" variable_2="k1"/>

</connection>

<connection>
<map_components component_1="reaction" component_2="environment"/>
<map_variables variable_1="time" variable_2="time"/>

</model>




Physical data

<variable name="“L" units

<variable ng

<Ci>J</ci>

<apply>
<times/>
<ci>k1</ci>
<ci>L</ci>
<ci>R</ci>

</apply>

<component name="“complexFormationReaction_formationOfRI">
<variable name="J_L" units="flux" public_interface="out"/>
<variable name="J_R" units="flux" public_interface="out"/>
<variable name="J_RI" units="flux" public_interface="out"/>
<variable name="J" units="flux"

<variable name="“R" units="micromolar" public_interface="in"7>

<variable name=“RI_complex" units="micromolar" public_interface="in"/>
<variable name="time" units="second" public_interface="in"/>

e="k1" units="second_order_rate _constant" public_interface="in"/>
yww.w3.org/1998/Math/MathML">

a| Concentration

Reaction kinetics for a second
order, forward reaction with two
reactants, a first order reverse
reaction, reversible mass action
kinetics action, and a continuous
scheme




Biological data

<component name:(‘Eeaction_L_R_RI">> _ Complex formation
<variable name="J" rs="fTUX" public_interface="out"/>

<variable name="J_R" units="flux" public_interface="out"/>
<variable name="J_RI" units="flux" public_interface="out"/>
<variable name="J" units="flux"/>
<variable name="“L" units="micromolar" public_interface="in"/>
<variable name="“R_units<"micromplar" public_interface="in"/~
<variable name «ﬂm r&m Complex p="in"/>
<variable name="time" units="second" publicTmermace=Tr7>
<variable name="k1" units="second_order_rate_constant" public_interface="in"/>
<math xmlns="http://www.w3.org/1998/Math/MathML">
<apply>
<eq/>
<ci>J</ci>
<apply>
<times/>
<ci>k1</ci>
<ci>L</ci>
<ci>R</ci>
</apply>
</apply>....




Visualising CellML

models
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Ontology

®m A formal and machine
interpretable specification of [CeIIML/XML Model
concepts and relations
between the concepts within a
domain of knowledge - }

m Defines a common vocabulary Represe“‘atm“
and set of rules to
— unambiguously represent
Information Visualisations




CellML/OWL ontology

I
m Captures CellML/XML v O coCeiMLon

; Cco.Cannection
structure in Web cwrou
OﬂtOlogy Language co:GroupComponert
format (OWL) ceimpert

coMapComponent
co:MapWariakle
co:Maths
v co:Mamediode
k4 coCamponent
o mportedComponent
cohodel
k4 co:Units
coImportedUnits
col v ariahle

o Linit



CellML/OWL ontology

CellMLOWL

NamedNode
* name (single string)
Units
[¥] name (single string), + hasUnit (multiple Unit)
ImportedUnits
— [*] name (single string), * unitsRef (single string),
[#] hasUnit (multiple Unit)
Model

Variable
__ [*] name (single string), * units (single string),
* public_interface (single string), * private_interface (single string),
* initial_value (single float), + hasPhysicalEntity (single PhysicalEntity)

‘ ‘ = s T T oY T

Component
— [*] name (single string), + hasMaths (multiple Maths),
+ hasVariable (multiple Variable), + hasPhysicalProcess (single PhysicalProcess)

— RDF

component d

model
name, list of namespaces
| import
list of namespaces
units
name,units_ref
| component
name, component_ref
| units
name
| unit
__ component
name
variable
name, public_interface, private_interface, initial_value, uints
| math
list of namespaces
L mapVariable
variable1, variable2
I— group
relationshipRef
relationship
componentRef

[ [Tname (single string), * componentRef (single string),
[+] hasMaths (multiple Maths), [+] hasVariable (multiple Variable),
[+] hasPhysicalProcess (single PhysicalProcess)

Unit

Maths
* equation (multiple string), * importString (multiple string)

| MapComponent
+ hasComponent1 (single Component), + hasComponent2 (single Component)
MapVariable
— +hasVariable1 (single Variable), + hasVariable2 (single Variable),
+ hasEqualityProcess (single EqualityProcess)
| Connection
+ hasMapComponent (single MapComponent), + hasMapVariable (multiple MapVariable)
| Group
* relationshipRef (single string), + hasComponentRef (multiple ComponentRef)
| ComponentRef
+ hasComponentRef (multiple ComponentRef), + component_ref (single Component)

Import
— *importString (multiple string), + hasimportedComponent (multiple ImportedComponent),
+ hasImportedUnits (multiple ImportedUnits)




CellMLBiophysical/OWL ontology

N
® integrates 3 ontologies St

k4 physical Physical
[ 2 phy=ical PhysicalEntity

Physical >

kL J hiological: Biological

Biological N

| hiological BiologicalProcess

V I S U a. I Te m p I ate > hiological: BiologicalRole

generic: Genericiode

physical PhyzicalProcess

hiological: BiologicalEntity

[ 2 vizuatemp: VizualTemplate



Mapping between CellML/OWL and
CellMLBiophysical/OWL (Physical) instances

CellIML/OWL

CellMLBiophysical/OWL
(Physical)

Component PhysicalProcess
Variable PhysicalEntity
Connection MathematicalEquality

Variable1
(PhysicalEntity)

physicalEntity

Variable2
(PhysicalEntity)

physicalEntity

Variable5
(PhysicalEntity)

Component1
(PhysicalProcess)

- - Component2
physicalEntity (PhysicalProcess) physicalEntity

Variable3
(PhysicalEntity)

physicalEntity

physicalEntity

i

Connection
(MathematicalEqualit

0

physicalEntity

|

Variable4
(PhysicalEntity)

v

celimlbiaont: Pl sical

Ld celmlbioont: Pl sicalEntity
celimbioont: &Area
celmlbioont: Capacitance
celimbioont: Concertration
cellmibioont: Conductance
cellmibioont: Constant
cellmibioont: Current
celimlbioont: Flux
celimbioont: Gate
celimbioont: ReteCaonstant
celimlibioont: Time
celimlbioont: Wolage
cellmibioont: alume

Ld celmlbiaont: Phy sicalProcess
celmlbioont: ConversionFactar
celmlbioont: Enzymekinetics
celmlbioont: EqualityProcess
celimlbioont: HIllEgustion
cellmibioont: lonicCurrent
cellmibioont: MazsActionkinetics
cellmibioont: MernstPatential
celimlbioont: Parameter
celmlbioont: Pooling
celimbioont: PotertialCifference
celimbioont: ReteConstart Calculation



Mapping between Physical and
VisualTemplate instances

CellMLBiophysical/OWL
(Physical)

CellMLBiophysical/OWL
(VisualTemplate)

PhysicalProcess

PhysicalProcess

PhysicalEntity

PhysicalEntity

YizualTemplate
L Eiological
[ 2 BiologicalEntity
> BiologicalProcess
BinlogicalRole
L Physical
PhysicalEntity
PhysicalProcess

PhysicalRole

CellMLBiophysical/OWL model

Physical instances with
mappings to
VisualTemplate instances

Variable1
(Concentration)

: : Component1 hvsicalEntit
physicalEntity (MassActionKinetics) physlca=nty

Variable1
(Concentration)

visuaTemplate

visuaTemplate

visuaTemplate

VisualTemplate
instances

4
PhysicalProcess

PhysicalRole

PhysicalEntity

T

I

[

\
—

SVG templates [Class name]

Entity name

_— b
physicalEntity  [Class name]
Process name




Generating a physical view

Fa
k\__,,-

Visualising physical concepts [Concentration] [MassActionkinetics] [Concentration]

Variablel Componentl Variable2

CellMLBiophysical/lOWL model

Physical instances with Variable1 Component1 Variable1
: icalEnti hysicalEntit
mappings to (Concentration) physicalEntity }—@assActionKinetic& physicalEntity - (Concentration)

VisualTemplate instances :
| visuaTemplate | | visuaTemplate | [ visuaTemplate |
l
VisualTemplate PhysicalProcess
instances
PhysicalRole

PhysicalEntity

SVG templates [Class name] physicalEntity 1C|55; ;{ame]

Entity name Process name

Key
|:| OWL Property Physical entity instance [Class name] physicalEntity

E VisualTemplate @ Physical process Entutr_Tame
instance instance &y

[Class name]
Frocess name




Physical view of the reaction:
R+L->RlI
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Mapping between Physical and
Biological instances

CellMLBiophysical/OWL
(Physical)

CellMLBiophysical/OWL
(Biological)

PhysicalProcess

BiologicalProcess

PhysicalEntity

BiologicalEntity/
BiologicalRole

higlogical: Eiological

L4

Y

L
>

hiological: BiologicalEnt ity
hiological: Comple:x
higlogical: PhysicalFactor
higlogical: Protein
hiological: Smalltolecule
hiolagical: BiologicalProcess
biclogical: BiochemicalProcess
higlogical: Catalysis
higlogical: ComplexFarmation
hiclogical: Transpart
hiological: BiologicalRole
higlogical: Moditier
hiological: Product
hiological: Reactant

CellMLBiophysical/lOWL model

Physical instances with
mappings to biological
instances

Variable1

(Concentration)

- - Component1 - - Variable2
L physicalEntity }_@IassActionKineticsD—{ physicalEntity % (Concentration)

[refBioEntity |

[ refBioRole | | refBioProcess |

| refBioEntity | |refBioRole |

Biological instances

A

(Protein)

reactant formationOfB
(Reactant) (

BiochemicalProcess)

B product
(Protein) (Product)




Reducing the complexity

Collapsing Patterns

F-Oeh=E |- =0

L= ® |OLE-E-=[EG

CellMLBiophysical/OWL model

Biological view with
mappings to physical Node0 _connects |
instances

| L |
[ refbiophysical | | refbiophysical | | refbiophysical |
|

Physical instances with | [ |

Variable1 hvsicalEntit Component1 hvsicalEntit Variable2
instances (Concentration) physicalEntity | (MassActionKinetics) physicalEntity | (Concentration)

mappings to biological

refBioEntity | | refBioRole | refBioProcess | [refBioEntity | [ refBioRole |

|
A reactant formationOfB B product
(Protein) (Reactant) (BiochemicalProcess) (Protein) (Product)

Biological instances




Mapping between Biological and
VisualTemplate instances

CellMLBiophysical/OWL
(Biological)

CellMLBiophysical/OWL
(VisualTemplate) v

YizualTemplate

Eiological

BiologicalProcess BiologicalProcess ¥ W BiclogicalEntity
> BiologicalProcess
BiologicalEntity BiologicalEntity BiologicalRole
] ] . . L 4 Phyzical
BiologicalRole BiologicalRole PhysicalEntity
CellMLBiophysical/OWL model PhyzicalProcess
Physical instances with Variable Component PhyzicalRole

mappings to biological

instances (PhysicalEntity)

I [

physicalEntity

Variable2 ‘

physicalEntity [ by sicalEntity)
[ [

(PhysicalProcess)

| refBioEntity || refBioRole |

|

| refBioEntity | [ refBioRole |

[
A reactant

(Protein) (Reactant)
[ 1

Biological instances

| | |
formationOfB B product
(BiochemiqalProcess) (Protein) (Product)
| | |

1
[visualTemplate | [visualTemplate ]

\ |
visualTemplate | visualTemplate | [ visualTemplate |

\
BiochemicalProcess

VisualTemplate Reactant Product
instances
Protein

T

]

i i
SVG templates D Reactant Biochemical Product

Process

Protein




enerating a biological view

Visualising biological n
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Biological view of the reaction:
R+L->RlI
]
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Summary

CellML/XML Model
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