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SBML
provides the syntax

<listOfSpecies>
<species id="B"   compartment="comp1" initialAmount="1.66057788110262e-21"\>
<species id="BL" compartment="comp1" initialAmount="0"\>

</listOfSpecies>

<kineticLaw>
<math xmlns="http://www.w3.org/1998/Math/MathML">
<apply> 

<times/>
<ci> comp1 </ci>
<ci> kf_0 </ci>
<ci> B </ci>

</apply>
</math>

</kineticLaw>

Low info 
content

Unregulated

Presenter
Presentation Notes
SBML content does not capture model semantics.



Need to annotate

Standard scheme for machine-readable annotations

- Authorship, publication info

- Links to other data resources

Semantics of the mathematics

Guidelines for model quality Defined 
by SBML

Presenter
Presentation Notes
Semantics can be added via annotations. SBML defines a standard way of encoding these annotations. LibSBML provides an API for using them.



Need to annotate

Standard scheme for machine-readable annotations

- Authorship, publication info

- Links to other data resources

Semantics of the mathematics

Guidelines for model quality Defined 
by 

MIRIAM



MIRIAM

Minimum
Information
Requested

In the
Annotation of

biochemical Models



MIRIAM

Reference correspondence

External resource annotation

Attribution annotation

encoded in public machine-
readable format

related to single reference

citation

model creators

unambiguously relate a piece 
of knowledge to a model 
constituent

Presenter
Presentation Notes
The MIRIAM guidelines specify information that must be contained in the model.



SBase – the SBML base class 

Presenter
Presentation Notes
All objects in SBML derive from Sbase. LibSBML mimics this behaviours. Thus all elements in libSBML have an annotation and a notes element and attributes metaid and SBOTerm.



SBase – the libSBML base class 

Presenter
Presentation Notes
The SBase class in libSBML contains member variables for these objects. 



COMPARTMENT

setMetaId(“_hh”)
getMetaId() = “_hh”

unsetMetaId()

MetaId API

mMetaId

Presenter
Presentation Notes
As with all attributes, libSBML provides functions to set/retrieve and query the status of the metaid attribute.



COMPARTMENT

setAnnotation
getAnnotation()

unsetAnnotation()

Annotation API

mAnnotation

appendAnnotation

getAnnotationString()

Presenter
Presentation Notes
The API for annotations allows the user to set an annotation or append an annotation to existing annotations.



Annotation API

Presenter
Presentation Notes
Annotations can be formulated as strings or as XMLNodes.



MIRIAM compliant annotations

Presenter
Presentation Notes
LibSBML provides a special API for working with MIRIAM compliant RDF annotations as specified in the SBML specification.



ModelHistory

Creator CreatedDate ModifiedDate

Presenter
Presentation Notes
The ModelHistory class contains a listOfCreators, a createDate and a listOfModifiedDates.  These classes reflect the information MIRIAM outlines for the storing the history of the model.





<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:dcterms="http://purl.org/dc/terms/"
xmlns:vCard="http://www.w3.org/2001/vcard-rdf/3.0#"
xmlns:bqbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bqmodel="http://biomodels.net/model-qualifiers/">

<annotation>

<rdf:Description rdf:about="#_000001">

metaid

Presenter
Presentation Notes
LibSBML creates the namespaces and assigns the about attribute to the metaid of the SBML object on which the annotation is attached.



<dc:creator rdf:parseType="Resource">
<rdf:Bag>
<rdf:li rdf:parseType="Resource">

<vCard:N rdf:parseType="Resource">
<vCard:Family>Keating</vCard:Family>
<vCard:Given>Sarah</vCard:Given>

</vCard:N>
<vCard:EMAIL>sbml-team@caltech.edu</vCard:EMAIL>
<vCard:ORG>

<vCard:Orgname>University of Hertfordshire
</vCard:Orgname>

</vCard:ORG>
</rdf:li>
</rdf:Bag>

</dc:creator>

<rdf:Description rdf:about="#_000001">

Presenter
Presentation Notes
The ModelCreator is written out.



<dcterms:created rdf:parseType="Resource">
<dcterms:W3CDTF>

2005-02-02T14:56:11</dcterms:W3CDTF>
</dcterms:created>

<vCard:N rdf:parseType="Resource">
<vCard:Family>Keating</vCard:Family>
<vCard:Given>Sarah</vCard:Given>

</vCard:N>
<vCard:EMAIL>sbml-team@caltech.edu</vCard:EMAIL>
<vCard:ORG>

<vCard:Orgname>University of Hertfordshire</vCard:Orgname>
</vCard:ORG>

</rdf:li>
</rdf:Bag>

</dc:creator>

<dcterms:modified rdf:parseType="Resource">
<dcterms:W3CDTF>

2006-05-30T10:46:02</dcterms:W3CDTF>
</dcterms:modified>

Presenter
Presentation Notes
The dates are added.



<dcterms:created rdf:parseType="Resource">
<dcterms:W3CDTF>2005-02-02T14:56:11</dcterms:W3CDTF>

</dcterms:created>

<dc:creator rdf:parseType="Resource">
<rdf:Bag>

<rdf:li rdf:parseType="Resource">
<vCard:N rdf:parseType="Resource">

<vCard:Family>Le Novere</vCard:Family>
<vCard:Given>Nicolas</vCard:Given>

</vCard:N>
<vCard:EMAIL>lenov@ebi.ac.uk</vCard:EMAIL>
<vCard:ORG>

<vCard:Orgname>EMBL-EBI</vCard:Orgname>
</vCard:ORG>

</rdf:li>
</rdf:Bag>

</dc:creator>

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:dcterms="http://purl.org/dc/terms/"
xmlns:vCard="http://www.w3.org/2001/vcard-rdf/3.0#"
xmlns:bqbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bqmodel="http://biomodels.net/model-qualifiers/">

<annotation>

<rdf:Description rdf:about="#_000001">

<dcterms:modified rdf:parseType="Resource">
<dcterms:W3CDTF>2006-05-30T10:46:02</dcterms:W3CDTF>

</dcterms:modified>
</rdf:Description>

</rdf:RDF>
</annotation>

Presenter
Presentation Notes
The whole annotation produced by the ModelHistory creation API.  The information can also be read from annotations back into the ModelHistory class for easy access.



COMPARTMENT

setModelHistory
getModelHistory()

unsetModelHistory()

ModelHistory API

mModelHistory

Presenter
Presentation Notes
The API allows users to use the ModelHistory like any other attribute.  LibSBML parses this information to and from the annotation element when reading/writing.



MIRIAM

Reference correspondence

External resource annotation

Attribution annotation

encoded in public machine-
readable format

related to single reference

citation

model creators

unambiguously relate a piece 
of knowledge to a model 
constituent

Presenter
Presentation Notes
The MIRIAM guidelines also include guidelines for adding information about the exact nature of the model constituents.



MIRIAM
Annotation format

{data item}              {optional qualifier}              {entity identifier}

Reaction H
is a 

version 
of

enzymatic activity 
as identified by …

Species X
is 

part 
of

the molecular 
complex identified 

as “ABC” in 
data resource “D”

Presenter
Presentation Notes
Each data item is linked via a qualifier to a data resource.



CVTerm

Presenter
Presentation Notes
LibSBML includes a CVTerm class for recording qualifiers on any object.





<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:dcterms="http://purl.org/dc/terms/"
xmlns:vCard="http://www.w3.org/2001/vcard-rdf/3.0#"
xmlns:bqbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bqmodel="http://biomodels.net/model-qualifiers/">

<annotation>

<rdf:Description rdf:about="#_species1">



<bqbiol:isVersionOf>
<rdf:Bag>
<rdf:li rdf:resource="urn:miriam:obo.go:GO%3A0005892"/>
<rdf:li rdf:resource="urn:miriam:interpro:IPR002394"/>

</rdf:Bag>
</bqbiol:isVersionOf>

<bqbiol:is>
<rdf:Bag>
<rdf:li rdf:resource="urn:miriam:obo.go:GO%3A0005895"/>

</rdf:Bag>
</bqbiol:is>

<rdf:Description rdf:about="#_species1">

Presenter
Presentation Notes
libSBML will group terms with like qualifiers, unless the user has indicated that they wish to create a new instance of the qualifier.



COMPARTMENT

addCVTerm
getCVTerm(int)

CVTerm API

mCVTerms
getCVTerms()

getNumCVTerms()

Presenter
Presentation Notes
The API allows users to use the list of CVTerms. LibSBML parses this information to and from the annotation element when reading/writing.



MIRIAM Resources

www.ebi.ac.uk/MIRIAM

Presenter
Presentation Notes
There are many resources that facilitate the use of MIRIAM compliant annotations. 



Need to annotate

Standard scheme for machine-readable annotations

- Authorship, publication info

- Links to other data resources

Semantics of the mathematics

Guidelines for model quality

Defined 
by SBO

Presenter
Presentation Notes
SBO provides another type of semantic annotation.



SBO

Systems
Biology
Ontology

Presenter
Presentation Notes
SBO was developed specifically to fill a gap in ontologies relating to Systems Biology.



SBO

Presenter
Presentation Notes
SBO uses a tree like structure, where the only relationship is the “is a” relationship. Thus ‘mass-action rate law’ is a ‘rate law’ is a ‘mathematical expression’.



SBase – the SBML base class 

Presenter
Presentation Notes
SBML has a dedicated attribute for recording the SBO term related to an object.



SBase – the libSBML base class 

Presenter
Presentation Notes
The SBase class in libSBML contains member variable for the SBO term.  LibSBML stores the term as an integer but will parse it to and from the SBML format of SBO:0000007. 



COMPARTMENT

setSBOTerm(3)
getSBOTerm() = 3

unsetSBOTerm()

SBOTerm API

mSBOTerm
setSBOTerm(“SBO:0000003”)

getSBOTermID() = 
“SBO:0000003”

Presenter
Presentation Notes
As with all attributes, libSBML provides functions to set/retrieve and query the status of the sboTerm attribute. It can be used as either an integer or a string.



Acknowledgements - MIRIAM
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