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ABSTRACT SBML (a Systems Biology XML format) is the most widely used data format to encode biochemical network models. Many aspects required for COBRA modeling, however, are difficult to
encode in this format. The recently proposed Flux Balance Constraints extension (FBC) adds many features of COBRA to the SBML standard. More features of COBRA are being added
/&3
BMVL

with the next release of FBC. In order to parse, write, and manipulate the data structures of SBML, an efficient programming library is prerequisite. Here we introduce JSBML, a compre-
hensive implementation of the SBML standard for the Java™ programing language as an alternative to liIbSBML. The JSBML team actively maintains and updates the project.

FLUX BALANCE CONSTRAINTS

Main data structures of
the FBC package: JSBML :

Model (extended)

INTRODUCTION

 The XML-based format SBML is the de facto encoding standard
for biochemical network models [1].

FBC EXAMPLE

Java source code example to create a fully valid SBML model in-
cluding flux balance constraints with the objective to maximize the

» The most recent specification of SBML (Level 3 Version 1) hasin- = closely follows this speci- . 0 catalase reaction 2 H O, — O, + 2 H O:
troduced the possibility to extend the core language with specific = fication. Tussoms import org.sbnl.jsbmli;
packages in order to support more aspects of systems biology Jblic class FBCTest <
models. L edtended) Dot dag IPIn(SEinal] aros) thigus Exception |

Model model = doc.createModel('"COBRA Model');

: : : : : | Species (extended aciveObjecive: SiaRe
* One particularly important package for dealing with constraint- i ° | ) Tasece 1

FBCModelPlugin plugin = (FBCModelPlugin) model.getPlugin('fbc");

: _ _ | — Objective String namespace = plugin.getElementNamespace();

based models is FBC (Flux Balance Constraints) [2]. This pack- Cﬂarge ||r|1:teger|{uset ‘optional’} o Compartment ¢1 = model. createCompartment ("c1");

o - . chemicalFormula: string {use="optiona A — c1.setConstant(true); ’
age IS Intended tO Standardlze the Content Of COBRA-SpeCIfIC 7777777777777777777777777777777777777777777777 g{ 77777777777777 p 777777777777 } ! ?ﬂ:::f::::?éiwes _ S;ecji_zcs: sltz :](()-(tjel_():;'eateSpeCj!_es("sl"’ Cl);
model extensions. Shecics 33 = madel createspecicat’cors )i

. . . . . ag reaction: SldRef or (Species s : model.getListOfSpecies
* For efficient creation, manipulation, parsing, and writing of SBML - . -setConstant(false); i iver;

models, a spedialized programming library is useful. The JSBML - Additional elements added fo the mode: flux bounds and objective e T (2105 eciesPiupin(o)
prOJeCt haS been developed Wlth the alm to prOVIde platform' unCtIOnS or IUX Optlmlzatlon (maXImlzatlon or mlnlmlzatlon) %(FBCSpeciesPlugin) sl.getExtension(namespace)).setChemicalFormula('"H202");

((FBCSpeciesPlugin) s2.getExtension(namespace)).setChemicalFormula('"02");
((FBCSpeciesPlugin) s3.getExtension(namespace)).setChemicalFormula('"H20");

Additional properties can be stored in the species: charge and
chemical formula.

BENEFITS OF JSBML

Comprehensive open-soruce implementation of SBML

independent open-source implementation of the latest SBML
specification for Java [3].

Reaction r1l = model.createReaction("rl1'");
rl.setName(''catalase");
rl.setReversible(true);

rl.setFast(false);

SpeciesReference srl = rl.createReactant(sl);
srl.setConstant(true);
srl.setStoichiometry(2d);

SpeciesReference sr2 = rl.createProduct(s2);
sr2.setConstant(true);
sr2.setStoichiometry(1d);

SpeciesReference sr3 = rl.createProduct(s3);

Java source code example to parse an SBML
file and to display its content in a simple graphi-
cal user interface using JSBML.:

& M case00026

B SBML Level 3 Version 1
¥ B case00026
k[ listOfUnitDefinitions ®
¥ [ listOfCompartments

import javaxX.swing.x;

tmport org.sbml.jsbmt.x; e Support for latest SBML standards including extension packages FLuxBound b1 = plugin. cresterLuxBound(" b1°);
/*x Displays the content of an SBML file in a {@link JTree} *x/ ":'"St?:farammg A|ready used by several research groups IN diverse software fbl:::tOSZf‘a’toignl{FlaxBound.Operation.GREATER_EQUAL);

public class JSBMLvisualizer extends JFrame A

P
S

compartment
¥ | listOfSpecies

¥ | listOfReactions
¥ [ reactionl
» | listOfReactants
# | listOfProducts
» || kineticLawireactionl)

ublic JSBMLvisualizer(SBMLDocument doc) {
uper(doc.getModel().getId());

Platform-independent, based on Java™ 1.6

projects, e.g., a Jython-based version of COBRApy
Well established and maintained project

sr3.setConstant(true):
sr3.setStoichiometry(2d);

fbl.setValue(10d):

Objective obl = plugin.createObjective("ob1");
obl.setType(Objective.Type.MAXIMIZE);
FluxObjective fol = obl.createFluxObjective('"fol");

v [ listOfEvents fol.setReaction(rl);

tContentP .add JS LLP JT d : . .
getContentPane().add(new JScrollPane(new JTree(doc))) . International Communlty effort

: . ¥ — avan fol.setCoefficient(1d);
;:E%?ultaoseweratmn (EXIT_ON_CLOSE) ; Ween | - plugin. setActiveObjective(obl.getId()):
etVicible(true): > O ot » Usable as back-end for several modeling platforms in diverse SBMLWr Lter.write(doc, System.out. © ¢, (short) 2);
) — rogramming environments }
/** @param args Expects a valid path to an SBML file. x/ p g g _ _ ’ _
public static void main(String[l args) throws Exception { « JSBML development team involved in further development of Resulting SBML code:
<?xml ver51on '1.0' encoding="'UTF-8' standalone='no'?>
UIManager. setLookAndFeel(UIManager.getSystemLookAndFeelClaSSName( )); <sbml xmlns="http://www.sbml.org/sbml/level3/versionl/core" level="3" version="1" fbc:required="false"
new JSBMLvisualizer(SBMLReader.read(new java.io.File(args[0]))); FBC paCkage for SBML oot ionConha Mo nomt-ora/sbut/tevets/uersiont/be/versiontt
) . Support for new developments and further COBRA features <Poc LT LoGons wnune focetps e st org o \eveofversiont e/ versiont
</fbc:listOfFluxBounds>
} ° <4bc.llst5$OE]ec§1ves xmlns: fbc="http://www.sbml.org/sbml/level3/versionl/fbc/versionl" fbc:activeObjective="0b1">

<fbc:objective fbc:type="maximize" fbc:id="obl">
<fbc: llstOfFluxObJectlves>

Next step: a standard for the representation of gene associations
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</fbc: llstOfFlux0b]ect1ves>

</fbc:objective>
</fbc:list0fObjectives>
<listOfCompartments>

<compartment id="cl" constant="true"/>
</list0OfCompartments>
<listOfSpecies>

<species 1id="s1" constant="false" hasOnlySubstanceUnits="true" boundaryCondition="false" compartment="cl1l" fbc:chemicalFormula="H202"/>

<species id="s2" constant="false" hasOnlySubstanceUnits="true" boundaryCondition="false" compartment="cl" fbc:chemicalFormula="02"/>
<species 1id="s3" constant="false" hasOnlySubstanceUnits="true" boundaryCondition="false" compartment="cl1l" fbc:chemicalFormula="H20"/>
</list0fSpecies>

<listOfReactions>
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