Some important SBML constructs

® Basic elements
® species
® Compartment
® parameter

® reaction

® Additional useful elements
® unit definition
® “rule”
® function definition
® event
® initial assighment

® constraint

~
reaction |
species A species B
reaction 2
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Basic SBML document structure

Sbml

model: Model

level: positivelnteger { use="required” fixed="2" }
version: positivelnteger { use="required” fixed="2" }

<?xml version="1.0" encoding="UTF-8"?>
<sbml xmIns="  http://www.sbml.org/sbml/level2

level="2" version="2">

</sbml>

/version2"

® Format: plain text (technically UTF-8, which is US ASCII)

® Extension: usually .xml (not .sbml)


http://www.sbml.org/sbml/level2
http://www.sbml.org/sbml/level2

SBase

SBase

metaid: ID { use="optional” }
notes: (any : { namespace="http://www.w3.0rg/1999/xhtml" }) { minOccurs="0" maxOccurs="1" }
annotation: (any) { minOccurs="0" maxOccurs="1" }

® Most object structures in SBML are derived from SBase
e <notes> allows human-readable XHTML annotations to be added

® <annotation> allows machine-readable annotations to be added
® Applications can put their own data into it—just needs to be XML

® (Guidelines are discussed later in this tutorial

e metaid is for references by annotations




<notes”> content
<notes>
<html xmlns="http://www.w3.0rg/1999/xhtml">
;}ﬂtmlb
</notes>

<notes>
<body xmlns="http://www.w3.0rg/1999/xhtml">

</body>
</notes>

<notes>
<p xmlns="http://www.w3.0rg/1999/xhtml">

</p>
<p xmlns="http://www.w3.0rg/1999/xhtml">
</p>

</notes>




<annotation> content

® Content of <annotation> must be single top-level namespace

<annotation>
<mysim:nodecolors xmlns:mysim="http://www.mysim.org/ns"
mysim:bgcolor="green"
mysim: fgcolor="white" />
<mysim:textcolors xmlns:mysim="http://www.mysim.org/ns"
mysim:bgcolor="green"
mysim: fgcolor="white" />
</annotation>

® Recommended format for

|. referring to controlled vocabulary terms and database identifiers for
describing biological and biochemical entities

2. describing the creator of a model and its modification history
® Specific BioModels qualifier names

® http://biomodels.net

® See Sec. 6 in L2V2 specification



New in SBML Level 2 Version 2

Model

id: SId { use="optional” }

name: string { use="optional” }
sboTerm: SBOTerm { use="optional” }
functionDefinition: FunctionDefinition[O..”]
unitDefinition: UnitDefinition[0..”]
compartmentType: CompartmentType[0..*]
speciesType: SpeciesType[0..]
compartment: Compartment|[0..”]
species: Species[0..”]

parameter: Parameter[0..”]
initialAssignment: InitialAssignment[0.."]
rule: Rule[0..”]

constraint: Constraint[0..”]

reaction: Reaction[0..”]

event: Event[0..”]

Added in Level 2 Version 2



Common feature: identifiers and names

® Most elements have both an id and a hame field
® |dentifier field has restricted syntax:abcl23 or abcl23 ora b c | etc.

® Theld is what you use in expressions

Identifier Meaning

species id quantity of the species
compartment id size of the compartment
parameter id numerical value

function id a call to that function
reaction id (L2v2) rate of the reaction

® Value of Name is unrestricted (exception: no newlines or carriage returns)
® Must assign a value to Id on most objects, but name is always optional

® Some tools let you use the names and ignore id ’s (e.g., COPASI)



MathML numbers versus XML numbers

® MathML does not impose value space restrictions, but SBML does
® |n L2V2,integers must conform to XML Schema’s Int  type
® 32-bit integers
® |n L2V2, reals must conform to XML Schema’s double type
e |EEE 754-1985 64-bit floating point numbers



MathML numbers versus XML numbers

® MathML does not impose value space restrictions, but SBML does
® |n L2V2,integers must conform to XML Schema’s Int  type
® 32-bit integers
® |n L2V2, reals must conform to XML Schema’s double type
® |EEE 754-1985 64-bit floating point numbers

Restr iction Iintr oduced in L2V2




User-defined functions

FunctionDefinition

id: Sld

name: string { use="optional” }

math: (lambda:Lambda) { namespace="http://www.w3.org/1998/Math/MathML" }
sboTerm: SBOTerm { use="optional” }

® All references to model variables must be passed as arguments

® References to other user-defined functions must be for functions
defined earlier in the file

® |.e,no forward references to functions

® No recursive or mutually-recursive functions

® (Point of all this: can implement functions as macro substitutions)



Redefining units

® Same mechanism for defining new units and redefining the built-ins:

UnitDefinition Unit
id: UnitSid Kind: UnitKind
name: string { use="optional” } exponent: int { use="optional” default="1" }
unit: Unit[1..”] scale: int { use="optional” default="0" }
multiplier: double { use="optional” default="1" }

® Unit definition creates a new unit identifier (the value of id )
® Unit identifier namespace is global but different from space of other id’s
® Approach is multiplicative composition

® E.g., moles/(litre * second) =

--------------------------------------------------------------------------------------------------------------------------------
*

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* * *

I I
mole X P ¢
litre second
......... s g s

UnitDePnition

0
-------------------------------------------------------------------------------------------------------------------------------



Changes to unit system in L2V2

® No offset on UnitDefinition

® No predefined unit “Celsius”
® Modeler needs to include necessary conversions explicitly
® Could use a function definition

® Could use an assignment rule
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The meaning of fields in Unit

- w{up}

Yo {Up} = Yy{U}

U}




The meaning of fields in Unit

- W{Up}

{u}

Quantity y in original
units “u”

Yo {Upt ={Y{U}
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The meaning of fields in Unit

- w{u}
b = ylu
)
Units you want to Quantity y in original
convert into units “u”’




The meaning of fields in Unit

Qesultant quantity
- w{u}
| = U
) )
Units you want to Quantity y in original
convert into units “u”
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The meaning of fields in Unit
Qesultant quantity

Units you want to
convert into

SBML lets you
define this

Quantity y in original
units “u”
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The meaning of fields in Unit

- w{up}

Yo {Up} = Yy{U}

U}




The meaning of fields in Unit

Yo {Upt = Y{U}

{u} = (multiplier

- w{up}

{u}

. 1 Oscale {Ub } ) exponent
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The meaning of fields in Unit

Yo {Upt = Y{U}

{u} = (multiplier

UnitDefinition

id: UnitSid
name: string { use="optional” }
unit: Unit[1.."]

W {Up}

{u}

. 1 Oscale {Ub } ) exponent

Unit

Kind: UnitKind

exponent: int { use="optional” default="1" }
scale: int { use="optional” default="0" }
multiplier: double { use="optional”’ default="1" }

e UnitKind is an enumeration of base units (S| + a few extras)

® mole, kelvin, second, metre, litre, gram, kilogram, item, dimensionless, etc.

12



Example unit definition

Definition of “foot’’:

foot = (0.3048 « 10° ¢ metre)'
yb metres = 0.3048 ¢ y feet

<listOfUnitDefinitions>
<unitDefinition id="foot">
<listOfUnits>
<unit kind="metre" multiplier="0.3048"
exponent=010
scale=000/>
</listOfUnits>
</unitDefinition>
</listOfUnitDefinitions>

13



® All mathematical entities can have units defined or implied. 2 ways:

Units in SBML

Key object structures have explicit fields for setting units:

Str uctur e Units belds

Compartment units

Species substanceUnits, spatialSizeUnits
Parameter units

Event timeUnits

KineticLaw substanceUnits , timeUnits

Built-in default units

|dentifer Def ault Possib le scala ble units

substance mole mole, item, gram, kilogram, dimensionless
volume litre litre, cubic metre, dimensionless

area square metre [square metre, dimensionless

length metre metre, dimensionless

time second second, dimensionless

removed in L2V2
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Compartment types and species types

CompartmentType SpeciesType
id: Sld id: Sld
name: string { use="optional” } name: string { use="optional” }
® |2V2 only

® Does not affect mathematical interpretation

<listOfSpeciesTypes>
<speciesType Id="ATP"/>
</listOfSpeciesTypes>

<listOfSpecies>
<species Id="ATP_In_cytosol" speciesType="ATP"
compartment="cytosol"/>
<species Id="ATP_In_nucleus" speciesType="ATP"
compartment="nucleus"/>
</listOfSpecies>



Compartment types and species types

CompartmentType

SpeciesType

d: SId d: Sid
name: string { use="optional” }

name: string { use="optional” }

® |2V2 only

® Does not affect mathematical interpretation

<listOfSpeciesTypes>
<speciesType Id="ATP"/>
</listOfSpeciesTypes>

<listOfSpecies>

<species Id="ATP_in_cytosol" specie{l’ ype="ATP"

compartment="cytosol"/>

<species Id="ATP_In_nucleus" speciegType:"ATP"

v \J

compartment="nucleus"/>
</listOfSpecies>

15



Compartments

Compartment

id: Sld

name: string { use="optional” }

compartmentType: Sld { use="optional” }

spatialDimensions: int { maxInclusive="3" minInclusive="0" use="optional” default="3" }
size: double { use="optional” }

units: UnitSld { use="optional” }

outside: Sld { use="optional” }

constant: boolean { use="optional” default="true" }

There is no default size!

Extremely good practice to always set the size

® C(Can use size field,assighment rules, or (in L2V2) initial assignments

size value only allowed if spatialDimensions =0

Units of size must be consistent



Compartment sizes

Value of field Field size

Field units

Default value

spatialDimensions allowed? allowed? Allowable kinds of units of field units
3 Ves ves units of volume, or dimensionless  “volume”
2 Ves ves units of area, or dimensionless “area’
*1” ves ves units of length, or dimensionless “length”
0" 1o no (no units allowed)

Table 4: The types of units permitted for the units of compartment size. If the value of spatialDimensions is “07, the
units field must not be present because a compartment with no dimensions has no size and units cannot be meaningfully
associated with the (non-existent) size. Units of volume means litres, cubic metres, or units derived from them, units of
area means square metres or units derived from square metres; and units of length means metres or units derived from
metres. (See also Table 3 on page 36 and Table 2 on page 33.)

® spatialDimensions=0 weirdnesses

17



Species

Species

id: Sld

name: string { use="optional” }

speciesType: Sld { use="optional” }

compartment: Slid

initialAmount: double { use="optional” }

inintialConcentration: double { use="optional” }
substanceUnits: UnitSld { use="optional” }

spatialSizeUnits: UnitSid { use="optional” }
hasOnlySubstanceUnits: boolean { use="optional” default="false” }
boundaryCondition: boolean { use="optional” default="false” }
charge: int { use="optional” } deprecated

constant: boolean { use="optional” default="false” }

® Units of substance and spatial size can be set separately

e hasOnlySubstanceUnits

® Boolean: should species quantity always be as substance or substance/size!

® |mportant: setting initialAmount or InitialConcentration does
not imply units will be substance or substance/size, respectively



Species

Species

id: Sld

name: string { use="optional” }

speciesType: Sld { use="optional” }

compartment: Slid

initialAmount: double { use="optional” }

inintialConcentration: double { use="optional” }
substanceUnits: UnitSld { use="optional” }

spatialSizeUnits: UnitSid { use="optional” }
hasOnlySubstanceUnits: boolean { use="optional” default="false” }
boundaryCondition: boolean { use="optional” default="false” }
charge: int { use="optional” } deprecated

constant: boolean { use="optional” default="false” }

® Units of substance and spatial size can be set separately

e hasOnlySubstanceUnits

® Boolean: should species quantity always be as substance or substance/size!?

® |Important: setting initialAmount or InitialConcentration does
not imply units will be substance or substance/size, respectively

interpretation is concentration unless hasOnlySubstanceUnits ~ =true




Species: “boundary conditions” and “constant” species

® Some intuitive explanations:

® “Boundary condition”: when a species is a reactant or product in one or
more reactions, but its quantity is not changed by those reactions

® FE.g,when a chemical is buffered in an experimental set-up, or the
modeler wants to assume there is an infinite quantity of the species

® ODE (or equivalent) shouldn’t be constructed based on the reactions
® But SBML rules and other constructs may still change it
® “Constant”:if a species’ quantity is constant

® Different from being a boundary condition—boundaryCondition
flag says whether an ODE should be constructed

19



Species: constant

and boundaryCondition

constant
value

trne
talse
trne

talse

can have
boundaryCondition assignment

value or rate rule
true 11y
true Vies
talse 1O
false Vs

can be

reactant or species’ guantity

product can be changed by

VEs (never changes)

VES riles and events

1o (never changes)

Vies reactions or rules (bat not both)

,and events

20



Usage points: how do you assign initial values!?

® Multiple approaches:

|. Use the appropriate value field on an element (most portable approach)

Element Initial value field(s)

species ?n?t?aIConcentration
initialAmount

compartment size

parameter value

® Limitation: scalar values only, not a mathematical expression
2. Use assignment rules (somewhat less portable)

® Mathematical expression
3. Use Initial Assignment in Level 2 Version 2

® Mathematical expression



Initial assignments

InitialAssignment |

symbol: SId |
math: Math { namespace="http://www.w3.0rg/1998/Math/MathML" }
sboTerm: SBOTerm { use="optional” }

® Overrides value given in object definition

® But the object definition must still be provided
® Applies fort <=0

® Cannot have both an initial assignment and an assignment rule for
the same identifier

22



Constraints

Constraint

math: Math { namespace="http://www.w3.org/1998/Math/MathML" }
message: (any: { namespace="http://www.w3.org/1999/xhtml” }) { minOccurs="0" maxOccurs="1" }
sboTerm: SBOTerm { use="optional” }

® Allows stating assumptions under which simulation is valid

® |ntuitively: if the math expression is true, model is in a valid state
® As soon as the expression evalues to false, the model is in an invalid state
® SBML does not require a particular action to be taken

® But it would be a good idea for the software system to stop or at least
indicate the model has failed a constraint



SBML object structures for rules

Rule

math: Math { namespace="http://www.w3.org/1998/Math/MathML” }
sboTerm: SBOTerm { use="optional” }

-

[N

AlgebraicRule

AssignmentRule

AssignmentRule

variable: Sld

variable: Sid

E.g.:

<assignmentRule variable="k">
<math xmins="http://www.w3.org/1998/Math/MathML">

<apply>
<divide/>
<ci> k3 </ci>
<ci> k2 </ci>
</apply>
</math>
</assignmentRule>

24



Rule semantics and restrictions

® AssignmentRule

® Assignment to a species, compartment or parameter overrides the initial
value given in the definition

® Variable must not be set by both an AssignmentRule and a RateRule

® Variable must not be set by both an AssighmentRule and an
Initial Assighment

® RateRule

® Variable must not be set by both an AssignmentRule and a RateRule

® Opverall restrictions on the whole model:
® The model must not contain algebraic loops
® The model must not be overdetermined
® Can only happen if model contains algebraic rules

® (Can be assessed statically (L2V2 spec contains one possible approach)

25



Method for assessing whether model is overdetermined

® Appendix D, p. |37

26



Reactions

Reaction

id: Sid

name: string { use="optional” }

reactant: SpeciesReference[0..7]

product: SpeciesReference[0.."]

modifier: ModifierSpeciesReference[0_.7]

kineticLaw: KineticLaw { minOccurs="0" maxOccurs="1"}
reversible: boolean { use="optional” default="true” }

fast: boolean { use="optional” default="false” }

sboTerm: SBOTerm { use="optional” }

SimpleSpeciesReference

id- Sid { use="optional” }

name: string { use="optional” }
species: Sid

sboTerm: SBOTerm { use="optional” }

/ N

SpeciesRefe
peciesheierence ModifierSpeciesReference

stoichiometry: double { use="optional” default="1" }
stoichiometryMath: StoichiometryMath { use="optional” }

KineticLaw

math: Math { namespace="http//www.w3.org/1998/Math/MathML" }
parameter: Parameter[0._.7]
sboTerm: SBOTerm { use="optional” }

StoichiometryMath
math: Math { namespace="http://www w3.org/1998/Math/MathML" }

27



e fast

Changes to Reaction

field now has a default (false)

® |nterpretation explained

Appendix E, starting p. 140
® Written by Jim Schaff

28



Lists of reactants, products and modifiers

SimpleSpeciesReference

id: Sld { use="optional” }

name: string { use="optional” }
species: Sld

sboTerm: SBOTerm { use="optional” }

SpeciesReference
P ModifierSpeciesReference

stoichiometry: double { use="optional” default="1" }
stoichiometryMath: StoichiometryMath { use="optional” }

® Most import common field: species

® species value must be id of existing species defined in the model
e ModiberSpeciesR efer ence does not add any more fields

® SpeciesR efer ence adds fields for stoichiometry




Lists of reactants, products and modifiers

SimpleSpeciesReference

id: Sld { use="optional” }

name: string { use="optional” }
species: Sld

sboTerm: SBOTerm { use="optional” }

4 /”/}? ) v\

SpeciesReference
P ModifierSpeciesReference

stoichiometry: double { use="optional” default="1" }

stoichiometryMath: StoichiometryMath { use="optional” }

® Most import common field: species

® species value must be id of existing species defined in the model
e ModiberSpeciesR efer ence does not add any more fields

® SpeciesR efer ence adds fields for stoichiometry
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Lists of reactants, products and modifiers

SimpleSpeciesReference

id: Sld { use="optional” }
name: string { use="optional” }

species: Sld
sboTerm: SBOTerm { use="optional” }
/)1? K\

4 e N\ [ \

SpeciesReference
P ModifierSpeciesReference

stoichiometry: double { use="optional” default="1" }

stoichiometryMath: StoichiometryMath { use="optional” }

® Most import common field: species

® species value must be id of existing species defined in the model
e ModiberSpeciesR efer ence does not add any more fields

® SpeciesR efer ence adds fields for stoichiometry
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KineticLa w basics

e <math>
® MathML expression for the speed of the reaction
® Units must be substance/time

e <|istOfParameters>

® Defines parameters whose identifiers have scope local to the
reaction only

® Not visible from any other reaction, or rest of model
® |dentifiers shadow global identifiers

® Data type is same Parameter as for global parameters

30



KineticLa w basics

® <math>

® MathML expression for the speed of the reaction

® Units must be substance/time Not concentration/time

o <|istOfParameters>

® Defines parameters whose identifiers have scope local to the
reaction only

® Not visible from any other reaction, or rest of model
® |dentifiers shadow global identifiers

® Data type is same Parameter as for global parameters

30



Usage points: reactions (specific)

® Reversibility:
® Because “kinetic law” is optional, it’s useful to have separate flag
® Some types of analyses can be done without simulation or kinetic law

® reversible flag should be true only if rate expression represents
combined effect of forward and backward reaction

® Converse:if false, it’s a statement that the reaction only proceeds in the
forward direction

® Caution: not clear how to define reversible reactions for stochastic
simulation. Best practice: always define 2 reactions explicitly in that case.

31



® Why are SBM

Interpreting reactions

L rate expression not identical to rate laws!?

® Consider simple example:

® \What does this mean?

S ! S
rate law = k - [S1]

dlS2] _  d[Si1]
dt  dt

= kal5]

e Butwhatif V3 E V5 ? For example,whatif Vo = 31/ ?

® |ookatn

umber of molecules of each species in each compartment:

ns, = |51+ V1 ns, = [S2]- V>

® How molecules leave & enter each compartment!?

® k-[51.
e Jak a

. V1 molecules leave the first compartment

:51] aV; molecules enter the second compartment

32



“Kinetic law” in SBML

® Rate expressions are substance/time, NOt substance/size/time

® Conversion for basic cases is simple:

® Multiply by volume of compartment where reactants are located:
rate = k - [Sl] Y Vl

® Express rates of changes of reactants & products in terms of substances:

dns - ,
- =1 k; 8[51] &V-
1 1 [ 1] 1
dns y /
= = k1 a/51] aVv;
At 1 [ 1] 1
® (Can easily recover concentrations:
ns, nes,
S1] = = S2]= =

Vi Vo

33



“Kinetic law” in SBML

® Rate expressions are substance/time, NOt substance/size/time
® Conversion for basic cases is simple:

® Multiply by volume of compartment where reactants are located:
rate = k - [Sl] Y Vl

® Express rates of changes of reactants & products in terms of substances;

dns 5] £\
= =1k 4|51] als
dt moles
dn.q items
2 =k 4[5, &V mass
dt “dimensionless”
® (Can easily recover concentrations:
ns _ s
51 = — [S2] = —-

Vi Vo
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Rate laws: S =

‘e
e
~
.
L]
.....
---------

Compartments:

Compartment volumes:

Initial concentrations:

Volumes:

Constants:

Example #2

S Sl S3
ki a[S1] ro = ko aSy] ,
Vi Va2 V3

S;=4 S,=10 53=0
Vi=1 Vo=05 V3=2
ki = 0.2 ko = 0.7
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Example #2: interpretation of differential equations

Express rates of change of species quantities (as amounts, not
concentrations):

= | =1k -[S1]-V

It 1 1 [1] 1

dn

dfz =+r1! ro =4k - [S1]- V1! ko [S5] - V5
dn53

— —|‘7“2 — —|—]~C2'[SQ]°VQ
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Seemingly difficult case

25,1 S, rate= k; &[S;] k1 units |/sec
V1 volume of compartment
S1 substanceUunits are grams S> substanceUnits are moles
dS; dSo
Whatare — & — ?
dt dit
dSs
—~— = Qo T
dt .
dS1 |
—— =la{-r
dt :
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Seemingly difficult case

25; 1 S rate= k; a[S; ] k1 units |/sec
Vi volume of compartment
- substanceUnits  are grams 52 substanceUnits  are moles
dSl dSQ
Whatare — & —— !
dt dt
SBML kinetic law math: 7 = k; 4[S;] 4V, NI are
moles/sec
dSs
—= = Q9T
dt .
dS1 |
L g
dt !
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Seemingly difficult case

25; 1 S rate= k; a[S; ] k1 units |/sec
Vi volume of compartment
- substanceUnits  are grams 52 substanceUnits  are moles
dSl dSQ
Whatare — & —— !
dt dt
SBML kinetic law math: 7 = k; 4[S;] 4V, NI are
moles/sec
dSs
—= =las T
dt .
dS1 |
L 1laa) -
dt :

L7%%
.
....
-----
----------------------
.....
»® .
. .
. o
* .
* .
b .
. -
: 3

* "
., -
G g
.....
--------
-------
------------
--------------------
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Seemingly difficult case

2511 S rate= k; a[S; ] k1 units |/sec
Vi volume of compartment
- substanceUnits  are grams 52 substanceUnits  are moles
dSl dSQ
Whatare — & —— !
dt dt
SBML kinetic law math: 7 = k; 4[S;] 4V, NI are
moles/sec
dSs :
— — A9 | T a> =
dt . 2
dS1 |
g QNN Y A
dt :

L7%%
.
....
-----
----------------------
.....
»® .
. .
. o
* .
* .
b .
. -
: 3

* "
., -
G g
.....
--------
-------
------------
--------------------
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Seemingly difficult case

2S; ! S rate= k; &[S;] k1 units |/sec
V1 volume of compartment
| S1 substanceUnits are grams S2 substanceUnits are moles
dS; dSo
Whatare — & —= ?
dt dt
SBML kinetic law math: r = k; &4/.5:] al; Units are
moles/sec
dS- 1
= a - r a =
oy 2 2
dS1 ,
T Waq)r a, = 2amg, Mg, is molecular mass of S

.,
~
....
-----
----------------------
.....
. b3
.* .
. .,
. G
. .
. .

. ‘e
o »

LR o
. .
o, Y
.....
""""""
........
............
---------------------
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Seemingly difficult case

25,1 S, rate= k; &[S;] k1 units |/sec
V1 volume of compartment |
1 substanceUnits are grams S2 substanceUnits are moles
dS; dSo
Whatare — & — ?
dt dt
SBML kinetic law math: r = k; &4/.5:] al; Units are
moles/sec
dS- q
= a - r a —
pr 2 2
dS1 ,
T Waq)r a, = 2amg, Mg, is molecular mass of S

------------------------
we®
.
.
.
ot
.
o
o

L]
e,
W,
------
----------------------
.....
L] s
, .*
L] .
“, *
L] .
L]
., +*
03 *

‘e
o
o
L
.
o
-
L
.
o
~
L
.
o
~
L
.
o
~
~
.
*

.....
. o*
“ A
~ .
. .
., .
......
a s
......
g as
----------
---------------------

LR o
. .
o, Y
.....
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........
............
---------------------



Genuinely difficult case

2A+ B — C rate = k a[A]* 4] B]

® where reactants are in different compartments
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Events

Event

id: Sid

name: string { use="optional” }

trigger: (math : Math { namespace="http://www w3 . org/1998/Math/MathML" })

delay: (math : Math { namespace="http://www.w3_org/1998/Math/MathML" }) { minOccurs="0" maxoccurs="1" }
timeUnits: UnitSid { use="optional” }

eventAssignment: EventAssignment[1_.7]

sboTerm: SBOTerm { use="optional” |

EventAssignment

variable: Sid
math: Math { namespace="http-//www.w3.0rg/1998/Math/MathML" }
sboTerm: SBOTerm { use="optional” |

® Defines discontinuous changes in model variables

e FEventAssignment variable can be
® species
® compartment
® parameter
® TJrigger and delay conditions are full mathematical expressions
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Usage points: events

Triggered on transition from false to true

® Not possible for event to trigger at t=0 — no transition in variable values

Assignment ‘math’ expression evaluated when event is fired

® [Effect can be delayed (expressed using ‘delay’ expression)

Cannot create or destroy species/compartments/reactions/etc.

® But you could use a variable that acts as a switch: x*switch

Warning: not well supported by most software tools (yet)
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Select SBML constructs have sboTerm

Model

id: SId { use="optional” }

name: string { use="optional” }

sboTerm: SBOTerm { use="optional” }
functionDefinition: FunctionDefinition[0..*]
unitDefinition: UnitDefinition[0..*]
compartmentType: CompartmentType[0..*]
speciesType: SpeciesType[0..*]
compartment: Compartment[0..”]

species: Species[0..”]

parameter: Parameter[0..*]
initialAssignment: InitialAssignment[0..”]
rule: Rule[0..*]

constraint: Constraint[0..*]

reaction: Reaction[0..”]

event: Event[0..]

Reaction

id: Sid

name: string { use="optional” }

reactant: SpeciesReference[0..7]

product: SpeciesReference[0.."]

modifier: ModifierSpeciesReference[0..7]

kineticLaw: KineticLaw { minOccurs="0" maxOccurs="1" }
reversible: boolean { use="optional” default="true” }

fast: boolean { use="optional” default="false” }

sboTerm: SBOTerm { use="optional” }

SimpleSpeciesReference

id: Sid { use="optional” }
name: string { use="optional” }
species: Sld

sboTerm: SBOTerm { use="optional” }

o N

SpeciesRef
pecieshererence ModifierSpeciesReference

stoichiometry: double { use="optional” default="1" }

Initial stoichiometryMath: StoichiometryMath { use="optional” }
symbol: Sld
math: Math { namespace="htt KineticLaw
sboTerm: SBOTerm { use="op math: Math { namespace="http://www.w3.0rg/1998/Math/MathML" }

parameter: Parameter[0..”]
sboTerm: SBOTerm { use="optional” }

StoichiometryMath
math: Math { namespace="http://www.w3.org/1998/Math/MathML" }
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sboTerm

® SBO = Systems Biology Ontology
® |ndependent, international, open effort of BioModels.net Consortium
® Occupies a space not filled by other ontologies
® Primarily for describing rate laws and constituents
|. Classification of rate laws
® Fach term includes a mathematical function definition
2. Controlled vocabulary for the roles of reaction participants
e FE.g.:“substrate”,“catalyst”, “competitive inhibitor”, etc.

3. Controlled vocabulary for the roles of quantitative parameters

o FE.g.:“Hill coefficient”
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Values of shoTerm for different SBML constructs

SBML Component SBO Vocabulary Parent SBO Identifier
Model modeling framework SBO: 0000004
Reaction modeling framework SBO: 0000004
Parameter quantitative parameter SBO: 0000002
SpeciesReference participant role SBO: 0000003
ModifierSpeciesReference  participant role SBO: 0000003
FunctionDefinition mathematical expression SBO:0000064
KineticLaw mathematical expression SBO:0000064
InitialAssignment mathematical expression SBO:0000064
AlgebraicRule mathematical expression SBO:0000064
AssignmentRule mathematical expression  SBO:0000064
RateRule mathematical expression SBO:0000064
Constraint mathematical expression  SBO:0000064
Event mathematical expression SBO:0000064

EventAssignment mathematical expression  SBO:0000064




New & reordered validation rules

® Appendix C, starting p. 127
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