IDSBML



SBML

provides the syntax

<listOfSpecies>
<species|id="B"
<species|id="BL"

</listOfSpecies>

Low info
content

t="1.66057788110262e-21"\>
t="0"\>

<kineticLaw>
<math xmins="http://www.w3.0rg/1998/Math/MathML">
<apply>
<tim
<¢i> compl q/ci>

<¢i> kf 0 </ci=
Unregulated

<¢i> B </ci>

</ap
</math>

</kineticLaw>



Presenter
Presentation Notes
SBML content does not capture model semantics.


Need to annotate

Standard scheme for machine-readable annotations
Guidelines for model quality Defined
- Authorship, publication info by SBML

- Links to other data resources

Semantics of the mathematics


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

@Iines for model qu@

- Authorship, pubiication info

Defined

by
MIRIAM

- Links to other data resources

Semantics of the mathematics



MIRIAM
Minimum
Information
Requested
In the

Annotation of
biochemical Models



MIRIAM

encoded in public machine-

readable format
Reference correspondence
related to single reference

2 ; citation
Attribution annotation <
model creators

unambiguously relate a piece
External resource annotation —— 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

SBase

mefaid: ID { use="pptional” }
sboTerm: SBOTerm { use="optional” }

4

notes 0..1

Motes

xmins: string { "hitofwww.w3.org/1999%html"” }
{ Almost any well-formed content permitted in XHTML,
subyject to a few restrictions; see ftext. }

annotation 0..1

Annotation

{ Any well-formed XML content, and with each top-ievel
element placed in a unique XML namespace; see fext. }



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 l[IbSBML base class

SBase.h™| Start Page

(Unknown Scope) -
2868
2869
2870 //’;;;TT;;ring mMetald;
2871 ¥MLNode* miNotes;
2872 XMLNode* minnotation;

s R s

Document*

mSBML;
amespaces;

2
co
=1 &y N o L

287

287 int mSBOTerm;

287

2878 unsigned int mLine;

2879 unsigned int mColumn;
2880

2881 /* store the parent SBML object */
2882 SBase* mParentSEMLObject;
2883

2884 /* storing annotations */
2885 List * mCVTerms;

2886 ModelHistory® mHistory;
2887

[a g

%]

------ -] /* flag that allows object to know it has| been deleted

2889 * for 08 where the memory is still readable after a delete
2850 - *

2851 bool mHasBeenDeleted;

= ]


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


Metald API

@

COMPARTME

& -

setMetald("_hh") | =\ 1

getMetald() = “_hh"

&

unsetMetald()


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


Annotation API

@

COMPARTME

~

mAnNnotation

r

setAnnotation

getAnnotation()

AnnotationString()

appendAnnotation

unsetAnnotation()


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


Annotation API

SBase.h™| Start Page

(Unknown Scope) -
1172 * Sets the wvalue of the " Qelement of this SBML object.
1173 */
1174 virtual int setAnnotation tation) ;
1175
1176
11".."':' l:_:l II,-"'A"A‘
1178 * Sets the wvalue of the "annotation™ subelement] of this SEML object.
1179 w
1180 virtual int setAnnotatiyn (const std::strings notation) ;

=
=t

g
81
1182
1183 /**
1184 * Appends the given @p annotation to the "annotation™ subelement of this
1185 * object.
liaei */
1187 virtual int appendfnnotation (const XMLNode* annotation)
1188
1189
11500 [ ew
1191 * Appends the given @p annotation to the "annotation™ subelement of this
1192 * object.
1193+ */
1194 virtual int appendAnnotation (const std::string& annotation);
(=] =
=T

b
=t


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


MIRIAM compliant annotations

SBase.n™| Start Page

(Unknown Scope) -

2868
2889
2870 std::string mMetald;
2871 XMLNode™® mNotes;
2872 XMLNode* mAnnotation;
2873 SEMLDocument® mSBML;
2874 SEMLNamespaces® mSBMLNamespaces;
2875
2876 int mSBOTerm;
2877
2878 unsigned int mLine;
2879 unsigned int mColumn;

2880

2881 /* store the parent SBML ocbject */

2882 SBase¥ mParentSBMLObject:;

2883

22 /* storing annotations */

List * mCVTerms;
ModelHistory® mHistory;

887

2888 /* flag that allows object to know it has| been deleted
2885 * for 0S5 where the memory is still readable after a delete
2850 - *

2891 bool mHasBeenDeleted:;

e R=Natel


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


ModelHistory

¢ t

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.


addModelHistory.cpp

& libsbml_ }
~_1 docs N
.ﬁ E'IEIFI"IFII|E'S d = readSBML(argv[1]);
D errors = d->getNumErrors ()} ;
i C

..ﬁ c++ ] if (errors > 0)

H H {
cout <« "Read Error(s):" << endl;
d->printErrors (cout) ;

cout << "Correct the above and re-run." << endl;

l echoSBML.cpp B

u Makefile.i ‘

'. Makefile.in ModelHistory * h = new ModelHistoryl();
---m printMath.cpp

. ModelCreator *c = new ModelCreator():
m printSBML.cpp c—->»setFamilyName ("Keating”) ;

i--m printUnits.cpp c-»setGivenName ("Sarah™) ;

c—>s5etEmail ("sbml-team@caltech.edu™) ;
c—>»setOrganisation("University of Hertfordshire™);

-m readSBML.cpp

--m translateMath.cpp

i e e )

i--m util.c A=

- util.h Date * date = new Date("1999-11-13T06:54:32");

--m validateSBML.cpp Date * dateZ2 = new Date("2007-11-31T06:54:00-02:00");

.D java
h-»setCreatedDate (date) ;
'D |E|YDUt h-»setModifiedDate (date2) ;

~{_1 perl
l:l sample-models

W .Cvsignore
. README. byt writeSBML (d, argv[2]);

B Sl AR i o v gkt o by w3y




® :
<annotation>

<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:dcterms="http://purl.org/dc/terms/"
xmins:vCard="http://www.w3.0rg/2001/vcard-rdf/3.0#"
xmins:bgbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bgmodel="nttp://biomodels.net/model-qualifiers/">

<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.


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

<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>


Presenter
Presentation Notes
The ModelCreator is written out.


<vlLara:\N rar:parse iype= ~esource -~
<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:created rdf:parseType="Resource">
<dcterms:W3CDTF>

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

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


Presenter
Presentation Notes
The dates are added.


@annotatiom
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmins:dcterms="http://purl.org/dc/terms/"
xmins:vCard="http://www.w3.0org/2001/vcard-rdf/3.0#"
xmins:bgbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bgmodel="http://biomodels.net/model-qualifiers/">
<rdf:Description rdf:about="#_000001">
<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>
<dcterms:created rdf:parseType="Resource">

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

</dcterms:created>

<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.


ModelHistory API

@

COMPARTME

& D

setModelHistory mModelHistory

getModelHistory()

&

unsetModelHistory()


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

encoded in public machine-

readable format
Reference correspondence
related to single reference

2 ; citation
Attribution annotation <
model creators

unambiguously relate a piece
External resource annotation —— 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.


{data item}

[ Reaction H

MIRIAM

Annotation format

{optional qualifier}

IS a

D

{entity identifier}

4 N
enzymatic activity

]
)

[ Species X

version
of

S
part

Pt

as identified by ...

- A

" the molecular )
complex identified

]
)

of

8

as “ABC” In
\_data resource “D” /



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


CVlerm

Public Member Functions Protected Attributes

ClualifierType_t  getCualifierType () WMLAtributes * mResources

Retums the Qualifier Type code for this GV Term. QualifierType_t mQualifier

ModelGualifierType_t  getModelQualifierType ()

N _ ModelQualifierType_t mModelQualifier
Retums the Model QualifierType code for this CVTem:.

BiolClualifierType_t mBiolGualifier
BiolQualifierType_t getBiologicalQualifierType ()

Retums the Biological QualifierType code for this CVTerm.

AMLAftributes *  getResources ()
Retums the resources for this CVTerm.

const XMLAttributes * getResources () const
Retums the resources for this CVTerm.

void setCualifierType (ClualifierType_t type)
Sets the "QualifierType t" of this CVTerm.

void setModelQualifierType (ModelQualifierType_t type)
Sets the "ModelQualifierType_t" of this CVTerm.

void setBiologicalQualifierType (BiolQualifierType_t type)
Sets the "BiolQualifierType_t" of this CVTerm.

void addResource (std::string resource)
Adds a resource to the CVTerm.


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


& libsbml_ {
-_| docs | 5 = d-»getModel () ->getSpecies(0);
@ examples
. bElc

CVTerm *cv = new CVTerm();
cv->setQualifierType (BIOLOGICAL QUALIFIER);
cv->setBlologicalQualifierType (BQB IS VERSION OF);
cv->addResource ("http://www.geneontology.org/$#G0:0005892") ;

- N e edelistery D
--m convertSBML.cpp CVTerm *cv2 = new CVTerm();

. echoSBML.cpp cv2->setQualifierType (BIOLOGICAL QUALIFIER);

-l Makefile cv2->»setBiclogicalQualifierType (BQB IS);

. cv2->addResource ("http: //www.geneontology.org/$#G0: 0005855"™) ;
--m Makefile.in

" printMath.cpp CVTerm *cvl = new CVTerm();

@ printSBML.cpp cvl->setQualifierType (BIOLOGICAL QUALIFIER);

--m printUnits.cpp cvl-»setBiologicalQualifierType (BQB IS VERSION OF);

.. readSBML.cpp cvl->addResource ("http://www.ebi.ac.uk/interpro/$IPR002394")

.. translﬁtEMﬁth-Cpp s->»addCVTerm(cv) ;

I. Ut?:'ﬁ s->addCVTerm(cv2) ;
'. util. s->addCVTerm(cvl) ;
i -mvalidateSBML.cpp
g""_IJEI"-"EI writeSBML(d, argv[2]);
-1 layout }
_I sample-models
- .cvsignore delete d;

. README. bt return errors;



<annotation>

<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:dcterms="http://purl.org/dc/terms/"
xmins:vCard="http://www.w3.0rg/2001/vcard-rdf/3.0#"
xmlns:bgbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bgmodel="nttp://biomodels.net/model-qualifiers/">

<rdf:Description rdf:about="#_speciesl1">



<rdf:Description rdf:about="# speciesl1">

<bgbiol:.isVersionOf>
<rdf:Bag>
<rdf:li rdf:resource="urn:miriam:0bo0.go:GO%3A0005892"/>
<rdf:li rdf:resource="urn:miriam:interpro:IPR002394"/>
</rdf:Bag>
</bgbiol:isVersionOf>
<bgbiol:is>
<rdf:Bag>
<rdf:li rdf:resource="urn:miriam.0bo0.go:GO%3A0005895"/>
</rdf:Bag>
</bqgbiol:is>


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.


CVilerm API

2
o )
COMPARTMENT
f% getNumCVTerms()
addCVTerm MCVTerms QRICYICInSg
getCVTerm(int)



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.


806

MIRIAM Resources

Miriam Resources

4 b !}hltp‘Hwww.eb\.ac.uktcumpneurfsrwm\riamfmaintmdb?section=bmwse

Browse
Query
Submit new
Export
Sign In

News

Web Services
Miriam Standard
BioModels
Qualifiers

FAQ

Miriam on
SourceForge

Contact

Compt
NeuFatialagy

@ 2(Q- Google

Give us
feedback

Site ing

MIRIAM

Browse the data-types

Brief overview of the different data-types stored in Miriam Database.

BIND ttp/# bind.ca/ BIND is a database of protein-protein interactions. This

data-resource is not open-access.

BioModels Database is a data resource that allows
biologists to store, search and retrieve published
mathematical models of biological interests.
Chemical Entities of Biological Interest (ChEBI) is a
freely available dictionary of molecular entities focused
on 'small' chemical compounds.

The CluSTr database offers an automatic classification of
UniProt Knowledgebase and IPI proteins into groups of
related proteins. The clustering is based on analysis of all
pairwise comparisons (Smith-Waterman) between protein
sequences.

The Digital Object Identifier System is for identifying
content objects in the digital environment.
Ensembl is a joint project between EMBL - EBI and the
Sanger Institute to develop a software system which
produces and maintains automatic annotation on selected
eukaryotic genomes.

The Enzyme Classification contains the
recommendations of the Nomenclature Committee of the
International Union of Biochemistry and Molecular Biology
on the nomenclature and classification of enzyme-
catalysed reactions.

FlyBase is the database of the Drosophila Genome

BioModels

BreEEs http://www.ebi.ac.uk/biomodels/

ChEBI http://www:.ebi.ac.uk/chebi/

http:/iwww.ebi.ac.uk/clustr/

[p]e]] http://www.doi.org/

Ensembl http://www.ensembl.org/

Enzyme

Nomenclature http:/fwww.ec-code.org/

ElyBase e fiybasa orgf Projects and of associated literature.
The Gene Ontology project provides a controlled
Gene Ontology http:/iwww.geneontology.org/ vocabulary to describe gene and gene product attributes
in any organism.
The International Classification of Diseases is the
IcD hitp:/7 who.int/classificationsficd/ |mernm|0|_1al sl_anda_rd diagnostic classification for all
general epidemiological and many health management
purposes.
IntAct hitp:/h - ebi.ac.uk/intact/ IntAct provides a freely available, open source database

evetam and analueie tnnle far nratain intarartinn Aata

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

Guidelines for model quality

- Authorship, publication info

- Links to other data resources

@nantics of the mathematics 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

SBO term

entity participant quantitative interaction modeling mathematical

role parameter framework expression

pre
rate law .. . conservation law
mass-action rate law enzymatic rate law
irreversible reversible +++ Kkinetics of
mass-action rate law mass-action rate law unireactant enzymes
zeroth order irreversible - - - first order irreversible - - - P s

mass-action rate law mass-action rate law


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

notes 0..1

Motes

xmins: string { "hitofwww.w3.org/1999%html"” }
{ Almost any well-formed content permitted in XHTML,
subyject to a few restrictions; see ftext. }

annotation 0..1

Annotation

{ Any well-formed XML content, and with each top-ievel
element placed in a unique XML namespace; see fext. }



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


SBase — the l[IbSBML base class

SBase.h™| Start Page

(Unknown Scope) -
70 std::string mMetald;
71 XMLNode* miNotes;
72 XMLNode™® mAnnotation;
73 SEMLDocument* mSBML;
74 amesp & MSBMLNamespaces;
7
'I\ int mSBOTerm;

SN—

unsigned int mLine;
unsigned int mColumn;

/* store the parent SBML object */
SBase* mParentSEMLObject;

/* storing annotations */
List * mCVTerms;
ModelHistory® mHistory;

o o T O Y o T W Y e T T

-] /* flag that allows object to know it has| been deleted
* for 08 where the memory is still readable after a delete
- */
bool mHasBeenDeleted;

S e T e T o T e T % i O o Y % Y st Y Y i T Y T T Y T Y T O T 0 T O e N %

OO 0D o CoO OO OO0 OO0 Co CO OO0 OO0 OO OO0 OO0 OO0 Co CO OO0 Oo0 OO OO OO0 OO Co

Wy W oo o 0 oo 0 0 OO 00 Co Co

B I S T e T Y O i


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. 


S

f

setSBOTerm(3)
setSBOTerm(“SBO:0000003")

BOTerm API

@

COMPARTME

<
S i
% getSBOTermID() =
N\

“SB0O:0000003”
IAEOTVET getSBOTerm() = 3

ﬁ A

unsetSBOTerm()


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.
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