SBML Level 3 package multi Version 1
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Rational 1: tackling combinatorial explosion
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Rational 2: Defining uncertain knowledge
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History of multi-components multi-state
complexes in SBML

March 2001: First proposed SBML extension for complex species by
Andrew Finney. June 2001: Proposal to cover multistate component by
Nicolas Le Novere

July 2001: First proposed SBML extension for encoding and using states
by Nicolas Le Novere and Tom Shimizu; Complete description by Nicolas
Le Novere, Tom Shimizu and Andrew Finney

March 2004: Updated proposal to encode complex species by Andrew
Finney. Introduction of SpeciesTypes, later part of Level 2 V2-4

October 2004: Alternative proposal for encoding multi-component
species, also containing some multistate features by Michael Blinov, Jim
Fader, Byron Goldstein, Andrew Finney and Bill Hlavacek.

June 2007: New proposal for Level 3 by Le Novere and Anika Oellrich, to
work in conjunction with 2004 Finney's multicomponents proposal.

October 2007: Updated version of Michael Blinov's proposal, with and
without hierarchical speciesTypes.

December 2007, an SBML Focused Videoconference was held, which
launched the effort to develop the current Level 3 package multi. See
sbml.org
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The idea of the selector

Instances of SpeciesTypes Selector
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Model element with the package multi

<model
xmlns:multi="http://www.sbml.org/sbml/level3/versionl/multi/versionl">
<!-- some compartments -->
<multi:listOfSpeciesTypes>
<!-- some species types —-->

</multi:listOfSpeciesTypes>
<multi:listOfSelectors>
<!-- some selectors -->
</multi:listOfSelectors>
<!-- some species, initialAssignments, rules, reactions, events -->
</model>
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Definition of species types

SBase

I
SpeciesType
id: 5Id
name: string J{use="gptional"}
bindingSite: boolean

? 1istOfS5tateFeatures

51 ListOfStateFeatures

t StateFeature
stateFeature id. SId

s
1. name: String {use=optional}

’1_1 st0fPossibleValues
0..1

ListOfPossibleValues

PossibleValue

,pﬂEElblE’U’?lUi id: Sid

name: String {use=optional}
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Example of a SpeciesType

<mul ti:speciesType
xm ns: core="http://ww. sbm .org/sbm /I evel 3/ versionl"
xmns:multi ="http://ww. sbm .org/sbm /| evel 3/versionl/nmulti/versionl"
xm ns: xhtm ="http://ww. w3. org/ 1999/ xht n "
mul ti:id="speci esTypel"
mul ti: bindingSite="fal se">
<cor e: not es>
<xht m : body>
<xhtnl : p>
L@ Cis a Ligand-Gated | on Channel.

It contains a pore that can be open or cl osed.
</ xhtm :p>

</ xht m : body>
</ core: not es>
<mul ti:listOF StateFeatures>
<mul ti:stateFeature nmulti:id="stateFeaturel”
mul ti: name="pore">
<mul ti:listCOf Possi bl eval ues>
<mul ti:possi bl eval ue i d="possi bl eval uel”
mul ti : nanme="open"/>
<mul ti:possi bl evalue 1 d="possi bl eval ue2"
mul ti: name="cl osed"" />

</multi:listO Possi bl eval ues>
</multi:stateFeature>
</multi:listOFStateFeat ure>

</multi:speciesType>
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How to build a selector?
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Definition of filters

SBase

Selector

1d: SId
name: String {use=optional}

11st0fSpeciesTypeStates ListOfSpeciesTypeStates

@..1
, speclesTypeState .
— SpeciesTypeState
LLs10TBNds) istofBonds
bonds
— Bond
occurrence: String = prohibited/allowed/required

’ bindingSiteReference

BindingSiteReference
bindingsiteRefersies
‘ J T+ speciesTypeState: SId

L1st0fUnboundBindingSites

ListOfUnboundBindin gSites

B..1
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General structure of the selector

<nmul ti:sel ector
xmns:multi="http://ww. sbm .org/sbm /Il evel 3/versionl/nulti/versionl"
mul ti:id="sel ectorl"”
mul ti: name="unbound receptor">

<mul ti:listCOf Speci esTypeSt at es>
<I-- sone species type state -->
</multi:listCO Speci esTypeSt at es>
<mul ti:listO Bonds>
<l-- sone bonds -->
</multi:listOBonds>
<mul ti:1istCf UnboundBi ndi ngSi t es>
<I-- sone unbound binding sites -->
</multi:listC UnboundBi ndi ngSi tes>

</multi:selector>
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Definition of filters

SBase

[
SpeciesTypeState

speciesType: S5Id

id: 5Id

name: String {use="optional"}
minOccur: Integer

maxOccur: Integer

connex : Boolean {use="optional"}
saturated: Boolean {use="optional"}

listOfStateFeatu reInEtagcei ListOfS tateFeaturelnstances

'Etate FeatureInstance
T+ dtateFeaturelnstance

stateFeature: sSId

, listOfStateFeatureValue ListOfS tateFeatureValues

t StateFeatureValue
stateFeatureValue possiblevalue: SId

1..%

list0OfContainedspeciesTypes ListOfContainedSpeciesTypes
0..1

ContainedSpeciesType
speciesTypeState: SId

containedSpeciesType
1..%
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Example of speciesTypeStates
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Example of speciesTypeStates

<multi:listOfSpeciesTypeStates
xmlns:multi="http://www.sbml.org/sbml/level3/versionl/multi/versionl">
<multi:speciesTypeState multi:id="speciesTypeStatel"
multi:speciesType="speciesTypel"
multi:minOccur="4" multi:maxOccur="4"
multi:connex="true" multi:saturated="true">
<multi:listOfStateFeaturelnstances>
<multi:stateFeatureInstance multi:stateFeature="stateFeaturel">
<multi:listOfStateFeatureValues>
<multi: multi:possibleValue="possibleValuel" />
<multi:stateFeatureValue multi:possibleValue="possibleValue2" />
</multi:listOfStateFeatureValues>
</multi:stateFeatureInstance>
</multi:listOfStateFeaturelInstances>
</multi:speciesTypeState>
<multi:speciesTypeState multi:id="speciesTypeState2"
multi:speciesType="speciesTypel"
multi:minOccur="1" multi:maxOccur="1">
<multi:listOfContainedSpeciesTypes>
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeStatel" />
</multi:listOfContainedSpeciesTypes>
</multi:speciesTypeState>
</multi:listOfSpeciesTypeStates>

EMBL-EBI




Same SpeciesType in multiple roles
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Same SpeciesType in multiple roles

<multi:listOfSpeciesTypeStates
xmlns:multi="http://www.sbml.org/sbml/level3/versionl/multi/versionl">
<multi:speciesTypeState multi:id="speciesTypeStateAl"
multi:speciesType="speciesTypeA"
multi:minOccur="1" multi:maxOccur="1" />
<multi:speciesTypeState multi:id="speciesTypeStateA2"
multi:speciesType="speciesTypeA"
multi:minOccur="2" multi:maxOccur="2" />
<multi:speciesTypeState multi:id="speciesTypeStateB"
multi:speciesType="speciesTypeB"
multi:minOccur="1" multi:maxOccur="1" />
<multi:listOfContainedSpeciesTypes>
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeStaterA2" />
</multi:listOfContainedSpeciesTypes>
</multi:speciesTypeState>
<multi:speciesTypeState multi:id="speciesTypeStateC"
multi:speciesType="speciesTypeC"
multli:minOccur="1" multi:maxOccur="1" >
<multi:listOfContainedSpeciesTypes>
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeStateAl" />
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeStateB" />
</multi:listOfContainedSpeciesTypes>
</multi:speciesTypeState>
</multi:1listOfSpeciesTypeStates>
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Same speciesType with different stateFeatures
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Same speciesType with different stateFeatures

<multi:listOfSpeciesTypeStates
xmlns:multi="http://www.sbml.org/sbml/level3/versionl/multi/versionl">
<multi:speciesTypeState multi:id="speciesTypeStateAl" multi:speciesType="speciesTypeA"
multi:minOccur="1" multi:maxOccur="1"
<multi:listOfStateFeatureInstances>
<multi:stateFeatureInstance multi:stateFeature="stateFeaturel">
<multi:listOfStateFeatureValues>
<multi:stateFeatureValue multi:possibleValue="possiblevValuel" />
</multi:listOfStateFeatureValues>
</multi:stateFeatureInstance>
</multi:listOfStateFeaturelInstances>
</multi:speciesTypeState>
<multi:speciesTypeState multi:id="speciesTypeStateA2" multi:speciesType="speciesTypeA"
multi:minOccur="1" multi:maxOccur="1"
<multi:listOfStateFeatureInstances>
<multi:stateFeaturelInstance multi:stateFeature="stateFeaturel">
<multi:listOfStateFeatureValues>
<multi:stateFeatureValue multi:possibleValue="possiblevalue2" />
</multi:listOfStateFeatureValues>
</multi:stateFeaturelInstance>
</multi:listOfStateFeaturelInstances>
</multi:speciesTypeState>
<multi:speciesTypeState multi:id="speciesTypeStateB" multi:speciesType="speciesTypeB"
multi:minOccur="1" multi:maxOccur="1">
<multi:listOfContainedSpeciesTypes>
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeStateAl”™ />
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeStateA2" />
</multi:listOfContainedSpeciesTypes>
</multi:speciesTypeState>
</multi:listOfSpeciesTypeStates>
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Impossible selector

<multi:1listOfSpeciesTypeStates
xmlns:multi="http://www.sbml.org/sbml/level3/versionl/multi/versionl">
<multi:speciesTypeState multi:id="speciesTypeStatel"
multi:speciesType="speciesTypel"
multi:minOccur="1" multi:maxOccur="1" >
<multi:listOfContainedSpeciesTypes>
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeState2" />
</multi:listOfContainedSpeciesTypes>
</multi:speciesTypeState>
<multi:speciesTypeState multi:id="speciesTypeState2"
multi:speciesType="speciesType2l"
multi:minOccur="1" multi:maxOccur="1" >
<multi:listOfContainedSpeciesTypes>
<multi:containedSpeciesType multi:speciesTypeState="speciesTypeStatel" />
</multi:listOfContainedSpeciesTypes>
</multi:speciesTypeState>
</multi:listOfSpeciesTypeStates>

speciesTypeState1 contains speciesTypeState2
speciesTypeState2 contains speciesTypeState

EMBL-EBI




A binding site can only engage in one bond
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On sub-pools and

SpeciesType ] )
speC|esType instances
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SBase

Species SelectorReference
negation: boolen { use = “"optional” }
selector: 5Id

selectorReference
1..*
listOfSpeciesTypelnstances ListOfS peciesTypelnstan ces
0..1 ListOfSelectorReferences
’ listOfSelectorReference
0..1
SpeciesTypelnstance
EPEClEETypEIHEt?nC: d: 5Id
. name: String {use = "optional"}
initialAmount: double {use = “"optional®}
initialConcentration: double {use = "opticnal®}
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Selection of sub-pools by combination of selectors
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Selection of sub-pools by combination of selectors

<speci es i d="speci esl" boundaryConditi on=fal se" hasOnl ySubst anceUnit=f al se"
const ant =f al se" conpartnent="conpartnent1” initial Arount="21000"
xmns:multi="http://ww.sbm .org/sbm /| evel 3/versionl/nulti/versionl"
mul ti:speci esType="speci esTypel" >
<mul ti:listO Speci esTypel nstances>
<nmul ti: Speci esTypel nstance nulti:id="speci esTypel nst ancel"
mul ti:initial Anount="1">

<mul ti:listCF Sel ect or Ref erences>
<mul ti: sel ectorReference nmulti: sel ector="sel ectorl">
<mul ti:listCF Sel ect or Ref erences>

</multi:speciesTypel nstance>
<mul ti: Speci esTypel nstance nul ti:i d="speci esTypel nst ance2">
<mul ti:listOf Sel ect or Ref erences>
<mul ti:sel ectorReference multi:sel ector="sel ector2">
<mul ti:sel ectorReference multi:sel ector="sel ector3"
mul ti:negation="true">

<mul ti:listCOf Sel ect or Ref erences>
</multi:speciesTypel nstance>
</multi:listCf Speci esTypel nstances>

</ speci es>
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Initial size of sub-pools

SBase

InitialAssignment > EthiMath [ ‘

speclesTypelnstanceChange

SpeciesTypelnstanceChange

speciesTypelnstance: SId
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Initial size of sub-pools

<speci es i d="speciesl"
boundar yCondi ti on="fal se" hasOnl ySubst anceUni t="fal se" constant="fal se"
conpartnent ="conpartnent 1" initial Arount ="1000"
xmns:multi="http://wwv. sbm .org/sbm /I evel 3/versionl/multi/versionl"
mul ti: speci esType="speci esTypel" >
<mul ti:listO Speci esTypel nstances>
<mul ti: Speci esTypel nstance nmulti:id="speci esTypel nstancel"
mul ti:initial Anrount="1">
<mul ti:listOf Sel ectorReferences>
<mul ti:selectorReference multi:selector="sel ectorl">
<mul ti:listOf Sel ectorRef erences>
</mul ti:speciesTypel nstance>
</multi:listCOf Speci esTypel nstances>
</ speci es>
<initial Assi gnenent synbol ="speci esl">
<mul ti:
mul ti: speci esTypel nst ance="speci esTypel nst ancel" >
<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM_" >
<appl y>
<times/>
<ci> x </ci>
<ci>y </ci>
</ appl y>
</ mat h>
</mul ti:speciesTypel nst anceChange>
<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." [ >
</initial Assi gnenent >
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Rules applied to speciesTypelnstances

SBase

speclesTypeInstanceChange

SpeciesTypelnstanceChange
speciesTypeInstance: SId

AlgebraicRule AssignmentRule RateRule
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Event assignhing values to speciesTypelnstances

SBase

EventAssignment{. Bt Math = ‘

speciesTypelnstanceChange

SpeciesTypelnstanceChange

speciesTypelnstance: SId
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SBase

A

Reactions

Reaction
. ListOfSpeciesReferences
0..1 0..1 speciesReference
listOfProducts
listOfReactants
SimpleSpeciesReference
1..*®
Speciesﬂeferencel
ModifierSpeciesReference
modifierSpeciesReference 0.1
hSme“dlflerSD H ListOfModifierSpeciesReferences
kineticla - -
Sl = KineticLaw

list0fReac tmnﬁglei ListOfReactionRules | l reactlnnF;u li

ReactionRule
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SBase

SimpleSpeciesReference

listOfSpeciesTypeRestrictions

ListOfSpeciesTypeRestrictions

SpeciesTypeRestriction

speclesTypeRestriction id: sid

speciesTypelnstance: SId

1..*®

-
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| Definition of restrictions
<li st React ant s>

<speci esRef erence speci es="recept" stoichionetry="1">
<mul ti:listOf Speci esRestriction>
<mul ti:speciesRestriction multi:id="freeR"
mul ti: speci esTypel nst ance="freereceptor">
</multi:listOf SpeciesRestriction>
</ speci esRef erence>
<speci esRef erence species="lig" stoichionmetry="1">
<mul ti:listOf Speci esRestriction>
<mul ti:speciesRestriction nmulti:id="freelL"
mul ti: speci esTypel nstance="freel i gand">
</multi:listO SpeciesRestriction>
</ speci esRef erence>
</listO React ant s>
<listO Products>
<speci esRef erence speci es="recept"” stoichionetry="1">
<mul ti:listOf Speci esRestriction>
<mul ti:speciesRestriction nmulti:id="boundR"
mul ti: speci esTypel nst ance="boundr eceptor">

</multi:listOf SpeciesRestriction>

</ speci esRef erence>

<speci esRef erence species="lig" stoichionmetry="1">
<mul ti:listOf Speci esRestriction>

<mul ti:speciesRestriction nmulti:id="boundL"
mul ti: speci esTypel nst ance="boundl i gand" >
</multi:listO Speci esRestriction>
</ speci esRef erence>
</listOProducts>
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SBase

ReactionRule

id: 5Id

name: 5tring {use="optional"}

SpeciesTypeRestrictionReference

ListOfConditions|, - .y =
51 ListOfConditions
’ condition
1”'&:
result
¢
1listOfResult .
——————ListOfResults

speciesTypeRestriction: 5Id

kineticlLaw

51 KineticLaw
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Definition of restrictions

<mul ti:reactionRule nmulti:id="bindi ngNonPhospho">
<mul ti:listO Conditions>
<mul ti:speci esTypeRestricti onReference
mul ti: speci esTypeRestriction="freeR'>
<mul ti:speci esTypeRestricti onReference
mul ti:speciesTypeRestriction="freelL">
</multi:listOf Conditions>
<mul ti:listO Results>
<mul ti:speci esTypeRestricti onReference
mul ti: speci esTypeRestricti on="boundR"'>
<mul ti:speci esTypeRestricti onReference
mul ti:speci esTypeRestriction="boundL">
</multi:listOf Resul ts>
<ki neti cLaw>
<mat h xm ns="http://ww. w3. or g/ 1998/ Mat h/ Mat hM." >
<appl y>
<times />
<ci> cell </ci>
<ci > kon_nonphos </ci >
<ci > recept </ci>
<ci>1lig </ci>
</ appl y>
</ mat h>
<list Paraneters>
<par anet er id="kon_nonphos" val ue="1">
</listO Paraneters>
</ ki neti cLaw>
</multi:reactionRul e>
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