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Overview

SBML' is a popular XML-based standard format for mathematical
models in systems biology. As mathematical models in cell biology
are growing in number and size, flexible ways to combine models will
gain additional importance; model combination requires that the
meaning of model elements is specified by annotations.

The SemanticSBML tools assist the user in annotating, checking,
and combining SBML models: SBMLannotate helps the user to
annotate SBML modell elements with unique identifiers pointing to
databases such as KEGG or Gene Ontology. SBMLcheck verifies
the syntactic and semantic validity of SBML files. SBMLmerge helps
the user to merge SBML models. In the future, we envisage to
support annotations for protein complexes, phosphorylation states,
substance classes, and lumped reactions.

The SemanticSBML tools can be freely downloaded and accessed

via a web interface at http://sysbio.molgen.mpg.de/sematicsbml.

Biochemical models in SBML format

sAmiwaTatian:

ol redalimg

47 cOEp AUt nt

LiukOLSmeun ivus

sl redal i

SBMLannotate

helps the user to annotate model elements
(compartments, metabolites, and reactions)
with unique identifiers from various databases.

SBMLcheck

checks whether the SBML model contains
correct and consistent annotations.

SBMLmerge

merges SBML models into a single
consistent model.

Merged SBML file
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SBMLannotate

SBMLannotate allows you to link the elements of an SBML model to unique identifiers (IDs) from
different databases (currently GO, KEGG, ChEBI, PubChem, 3DMET, and CAS; we envisage to

support Reactome, Uniprot, MetaCyc). Users can also include new databases into SBMLannotate.

<species metaid="atp" id="atp" compartment="cell" initialConcentration="1.31">
<annotation>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xmlns:dc="http://purl.org/dc/elements/1.1/">
<rdf:Description rdf:about="#atp">
<dc:relation>

" " <rdf:Bag>
The annotations are stored in 279 L4 rdfsresource="http:/ /. cas .org/#56-65-5%/>
. <rdf:li rdf:resource="http://pubchem.ncbi.nlm.nih.gov/#3304"/>
the SBML COde N a MIRIAMB- <rdf:1i rdf:resource="http://www.genome.jp/kegg/compound/#C00002" />
<rdf:1li rdf:resource="http://www.ebi.ac.uk/chebi/#15422"/>
I /rdf:B
compliant data format. </derrelations
</rdf:Description>
</rdf:RDF>
</annotation>
</species>

SBML species tag “ATP” with annotations

For automatic annotation, SBMLannotate screens the SBML code for known names and IDs and
suggests appropriate annotations; the user can also retrieve names and database |IDs via a string
search. To annotate a chemical reaction, SBMLannotate searches the KEGG? database for reactions
containing the respective metabolites as substrate and products. It is also possible to create entire
annotated SBML models from a list of KEGG reaction IDs.

SBMLcheck

SBMLcheck performs various checks on the input SBML files. First of all, it verifies whether the model
contains readable and consistent annotations. Elements without annotations are reported to the user.
Furthermore SBMLcheck detects mistakes in the model structure, such as circular dependencies

among algebraic equations or violations of atom number conservation in chemical reactions.

SBMLmerge

SBMLmerge® assists you in merging two or more annotated models: during merging, it detects and
resolves various syntactic and semantic conflicts, such as conflicting variable names, elements that
appear in both input models, and also mathematical problems arising from the combination of
equations. First, the program screens the models for identical elements. If the input models make
contradicting statements about the same biochemical quantity, the user is asked to choose one of
them. Afterwards, the program resolves circular dependencies in assignment rules, which may arise by
the user's choices. In the end, the merging process results in a new, valid SBML model that can be

visualised as a reaction network graph®.

] =——— 00 - _

- . : . . - ¥ gl | h2o 4-nitrophenyl phosphate ) ]'w]ma]m
¢ File Edit View Go Bookmarks Tools Window Help i ,// : . : S <
eI Bkl imp dehydrogenase \ ’f l

IE_:l ‘ SBMLmEf’gE - merge SBML files ... | W WIklpEdlﬂ * wp ghwamine  mh nnﬂ::miphulphlh hydrogen alkaline phosphatase 3-isopropylmalate dehydratase
Semantic .
gdp
. ‘
Home Description Download Options  FAG - v
default
Please select SBML files to be merged e
Browse... nad+ ibrarat -,W- itrate B
i ey
Browse . \\\ /
StartSEMLmerge homoisocitrate dehydrogenase "
I Display input models as reaction networks . _ -
I Tolerate multiple occurences of ids within SEML input files Srsloaey gEly sl 0 | o a
I Reactions have akvays higher priority than rules
I Settings from first model have akvays higher priority
I Settings from last model have always higher priority
I Rules from lower-priority model are always removed in case of conflicts .
I™ Owerwrite old annotations =y i o
I Don't change annotations in the model \ \ /
Select less files | Select more files EECR R
n6-(1.2-dicarboxyef . thyl)-amp gdp ersible
Y
}
SemanticSEML is developed at Computational Systems Biology group, Max Planck Institute for Molecular Genetics, Berlin. T ey
Flease send general comments and suggestions to waolfram Lishermeister, technical questions and bug reports ta Jannis SeRE et /
[hlendorf or Falko Kraose. For citing SernanticSEML, please refer to "Schulz M., Uklendorf J., Elipp E., Lishermeister W,
(206N, SEMImerge, & svstem for combining Mochemical rehword moagels, Genorne Informatics Series 17 (10" . : :
SernanticSEML is free software distributed under the GMNU public license. SemanticSEML supports the use of KEGG = W
iclentifiers within SEML annotations; for using this feature, commercial users need to obtain a KEGG end-user license \ /
agreement frorn Pathway Solutions Inc. Please contact licensingd&@pathyway jp for further information. -
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