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SBU L - the System s Biodogy U arkup Language - 15 3
com puter-readable fornm at for representing nmodels of
blochen tcalreaction netw orks,applicable to:

on etabolicnetw orks

oo ll-signaling pathw ays,

vqenon dcregulatory netw orks,and

vothern odeling problen sin systenm sboiology.

SBU L as Dbased on XU L, a standard nedwn for
representing and transporting data that is widely
supported on the hternetas wellas in comoputational
biologyand bioinforn atics.

Because SBU Lustool-imdependent,itenables

oyse ofm ultiple sin ulation and analysistoolsin a
Single research propetw ithoutrew riting n odels for
each tool;

opub lication ofm odelsinpeer-re\mu ¢

purnals- otherresearcherscan download and use
jourm odelexen ifthey use adifferentsoftw are
enNTONm ent;

estrnzlofn odels- theycan outline the softw are
ised to create them ,makimg yourworkstilluseful
exgn ifa particularsin ulation package asno longer

supported ;

SBU Loaswellon itswaytobecon ing the lingua franca of
conm putational system s biology. SBW L 15 currently
supported by oer@ toolsimcliding the follow g :
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<?xml version="1.0" encoding="UTF-8"7>

<sbml xmIns="http://www.sbml.org/sbml/level2"
level="2" version=""1">

<model 1d="ex1">
<listOfFunctionDefinitions>

<}iistOfFunctionDefinitions>
<listOfUnitDefinitions>

<}iistOfUnitDefinitions>
<l1stOfCompartments>

<}iistOfCompartments>
<li1stOfSpecies>

;}iistOfSpecieS>
<listOfParameters>

<}iistOfParameters>
<listOfRules>

<}iistOfRules>
<listOfReactions>

<}iistOfReactions>
<listOfEvents>

<}iistOvaentS>
</model>
</sbhml>
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ath S8 Lasanopen-source | athen atica package

:A P ¢
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that

facilitatesw orkimg with SBU Lmodels.Featuresinclude
oI portofSBI Looodelstol athen atica
o S ulation and plotting ofSEU Lmodels

Simulation ofn odelsw ith events

S ulation ofdifferential-algedraic systen s
Exportofn odelsto SBU L,HI L Berkeley
Iadonna ,XPPFortran form ats

o Com plete APIforcreating and n odifying
o Tabularn odeldisplay and exportto HII L
o Abality to use any ll athenm atica capab ility
vOpensource /freelydownloadable ((CPL)

0dels

IodellInteroperab tlity

Wiath W ath S8 L mvestigatorscan explore S8 Lmodels
ioath o the  full range of 0 oathen atica features.
I athen atica 1isone ofseveralplatforn swidely used by
prologicaln odelers and 1s avatlable inn any acaden ic
and con noercial environn ents (e.g.,0ver 500 US

collegesand universitieshave site licenses).

ath S8 Lprovidesfullm odelinteroperab tlity v ith this
environm ent as II as a candidate reference
mplen entation of S8 support ofother general-
DUrpose Ianguages,lncludlng C/C++,hva,Python Perl,
LISP and MAHAB have been developed separately
dsing  Hb S8 L,a platfornm -ndependent library that is
notpartofMahSBML

tSBI Lsupports BN L Leveld,Versions Zand 2,800 S8U L
a t

§
evel2.The I ath S8 L odelEdttorsupports S8 L Level2.

Iath S8 Low tlrun on any platforn thathas |l athen atics 4.1
or hagher mstalled. The solution of differential-alget raic
systen s (SBU Lonmodels that have alpebraic rules) requires
Iather atica S0o0rhigher;purely differentialsysten s (84 L
Fathoutalgedbraicrules)can besolved on I athen atica 4.1,
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Thel odelBurloer:hn SBU LAPI
|

Iath S8 Lcontams a simple nodeleditor,allow img users to
create SBU Lmodelscon patiole with othersm vlators,asw ell
as 4 I athen atica text-command based APIthatcan e used
toproduce aroatrarty com plex S8 L files. The nodeleditor
contains a suite of commoands to add, nodify, or ren ove

sing le 00 pots Gueh as a reaction, chen icalspecies,or
eqlatlon)from the currentnodel Thenodeln aybe either
created de-novo orread from a file. Afterbuilding thenodel,
theusercan testitoyrunning sim ulations,contimue ton odify
it,orw rite the resultsasan SBU L file,manyorder

Ao Exanople

The follow g exan ple iIIustratesagrow g cellw ith an itotic
oscillator [Goldbeter, 1991 Jin which cell division 1s initiated
Fhen a variable passes a thresho Id.CeIIdlvision 1S 00 1cated
by defining a variaple "I ass"thatdivides in halfwhen both of
the follow ing tests are true at the same tine:l >0.7 and
I 25s>0.6. The APlcon nandstobuild and save then oaelto
a file are shown i the box to the right. To read this file into
thesimulator,one could enter
= SBMLRead["'gmo.xml"];

bfile on diskcean be translated to htn lvia

SBMLWrite[inputfile->"gmo.xml", outputfile->
"gmo.html", format-> "HTML"];

The output s tlustrated m the large figure delow . Other
itputforn atsmclude XPP Berkeley I a donnaandFortran.

When building amodel the usercan save itto a file,ortestit
oath the s ulator,atany tio ¢, Forexan ple,

s = loadSimulator([];
returns a data structure Called s, I this case) that Is
con patible with the simulator;experienced I athen atics
Gserscanmoanipulate thisaata structure directly.

Toren asimulation for,say,200tim e units,and plotalln odel

variables,onewould enter

= SBMLNDSolve[s,
plt = SBMLPlot[n];

Theresulting screenpltisshonnbelow .

200] ;
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MathSBML: A Mathematica Package For Systems Biology

Andrew Finney"

(L)Controlana Dynan tcalSysten s,California Institute ofTechnology,Pasadena,CA,USA;(2)JetPropulsion Laboratory,Californi
(JSctenceand Technology Research Instity te,!

VP ICon m andsto Buirld thell odel

<<mathsbml.m;
newModel ["'GMO""] ;
addCompartment['cell''];
addFunction[id->mitosis,arguments->{m,mpf},math->
((m>0.6)&&(mpT>0.7))];
addSpecies|[C, initialConcentration->0.01];
addSpecies|[M, initialConcentration->0.01];
addSpecies[X, initialConcentration->0.01];
addSpecies[MI,initialConcentration->0.99];
addSpecies[Xl,initialConcentration->0.99];
addParameter[Mass,value->0.1,constant->False];
addParameter[mu,value->0.05];
addParameter[V1,constant->False];
addParameter[V3,constant->False];
addParameter[VM1,value->3];
addParameter[VM3,value->1];
addParameter[Kc,value->0.5];
addRule[type->"RateRule",variable->Mass,
math->mu*Mass] ;
addRulle[type->"AssignmentRule" ,variable->V1,
math-> C*VM1/(Kc+C)];
addRule[type->"AlgebraicRule' ,math->M*VM3-V3];
addReaction[products->{C},kineticLaw->(vi-kd*C),
parameters->{vi->0.025,kd>0.01},
reversible-> False];
addReaction[reactants->{C},modifiers->{X},
kineticLaw ->vd*X*C/(Kd+C),parameters->{vd->0.25,
Kd-> .02}, reversible-> False];
addReaction[MI->M,kineticLaw->
(V1I*MI/(K1+MD)),reversible-> False,parameters->{
K1-> _005}];
addReaction[M->MI ,kineticLaw->V2*M/ (K2+M),
parameters->{V2-> 1.5, K2->_.005},
reversible->False];
addReaction[XI->X,kineticLaw->V3*X1/(K3+X1l),
parameters->{K3->.005 }, reversible->False];
addReaction[X->X1,kineticLaw->V4*X/ (K4+X),
parameters->{K4->_.005, V4->_.5},reversible->False];
add Event["CellDivision",trigger->mitosis[Mass,M],
eventAssignment->{Mass->(Mass/2)}];

createModel["'gmo.xml""] ;

Plots can be exported atany resolution and mmto any
standard graphics forn at;otheroptions allow one to
plot specific variables, om it the lines favor of
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Togenerateacon ma-separated value table ofofthe four
variablesC b X and Il assfor50 t 60atan mtervalofdt=1,

dataTable[{GMO™C, GMO M, GMO X, GMOMass}, {t, 50,

60, 1}, n, format -> "CSV",file -> "data.csv''];

Thecontentsofdata.csvare tlustrated:

time,GMO C,GMO M,GMO X,GMO Mass
50,0.5531960614058784,0.32297675469259335,0.008544577847197967,1.218249503953895
51,0.5694625611260513,0.41758093719068,0.01929209858863036,1.2807104916813272
52,0.5805031065678671,0.5239375719687274,0.05587927848922922,1.3463739227299842
53,0.5756801326474978,0.6291416198807009,0.15620661234571817,1.4154039898804824
54,0.5373906493972498,0.7013549355550314,0.3324825354021163,0.37199332637414895
55,0.4527248304099748,0.6847319906364808,0.5354327000099962,0.39106583205863366
56,0.330194470482806,0.4981814406885105,0.6415980510429778,0.4111162060234223
57,0.2178461614594566,0.06960985591427386,0.44478150183536824,0.4321945846442003 5
58,0.19338295768478647,0.006216087295053213,0.0001306387689812787,0.4543536 748467455
59,0.2163184042608536,0.007500819159890513,0.00007562049985154949,0.47764888704250336
60,0.23902241960847276,0.008987764654136041,0.00009088794848534929,0.502138469941423

Avatao ity and Docun entation

IathSBU Loisavatlable free ofcharge from SourceForge underan
LOPL license. Ttas open source and nay be downloaded with g
single click from ourdownload site at:

http Sfstaet/pro pots/son |

e woith the download ,an
b site:

Exéensive docunm entation 1s ¢l 1 1S

also avatlable online atthe SBI Lo

http S son Lorg /softw are/n athshn 1/

Forexan plethe site nap contains linksto docun entation on all
Plfunction pomts asillustrated inthe figure delow .

nterpolated pomts,or generate a table of data.
exan ple,to plotvaluesofnm odelvariables i and M 358
at an imtervalof dat=1 and then draw a snooth line
show ing thecon pleteplot
pl = SBMLLIistPlot{GMO M, GMO Mass},

{t, 0, 100, 1}, n, PlotJoined -> False,

PlotStyle -> {PointSize[0.01]} |;
p2 = SBMLLIistPlot{GMO M, GMO Mass},

{t, 0, 100, .01}, n,

PlotJoined-> True]; OO0

MathSBML

p3 = Show[{p1, p2}];
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Thisplotisillustrated above to theright. | & %2 ystiems oiloiogy
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<::I E:/ %%] ‘n) € file:// /Users/jamestkirk /GMO. html v MathSEML
Getting Started Latest Headlines ™ e
FILE NAME: GMO.XML Site Ma
SBML LEVEL 2 VERSION 1 P
M;DEL HAHE:GE!I,EU | MathSEML Functions Other Pages
ODEL ID: |
modifySpecies
MobpeL NoOTES | | modifyunit
A Simple Mitotic Oscillator. Reference:Goldbeter A (1991)A4 minimal cascade model for the mitotic oscilfator involving cyclin and cdc2 kinase, I newModel Rt ST g e e it
PNAS 88:9107-9111 I _ parameterToSBML : Implementation of Level 3 Proposal)
In addition, this model includes a variable Mass, which splits in half when the variable M passes a threshold. .parameterTc:SwnbnlicSBML
reactionToSBML :
The purpose of this model is to demonstrate an SBML model that contains all of the following: a rate rule, an algebraic rule, an assignment ' reactiDnTr::Symbc-licSEI-LL. i
rule, one-sided reactions, two-sided reactions, modifiers, differential-algebraic equations, a function, and an event .
removeCompartment
removeEvent
FuncTION DEFINITIONS | removerunction
NAME DeFINITION (ID[ ARGUMENTS ]:=DEF ) .’ | removeParameter
mitosis mitosis[m, mpf]:=m > 0.6 && mpf > 0.7 removeReaction E’
removeRule
removespecies
COMPARTMENTS A
ID MName Dimension Size Umnits Derivep Units QOutsipe CoNSTANT
_ ruleToSBML _
cell cell o volume litre True : : ;
ruleToSymbolicSBML 3
SBMLCOpY '
SPECIES SBMLGridPlot
ID MNaMme COMPARTMENT INITIALT YPE VaLve Umwnits ofF THE SPEcIES DerIveD Units oF THE Species B.C Cownstant CHARGE SBMLListPlot
L C cell initialConcentration 0.01 substance/volume maole/litre False False SBMLNDSolve
M M cell initialConcentration 0.01 substance/volume maole/litre False False SBMLPlot
X X cell initialConcentration 0.01 substance/volume maole/litre False False : SBMIRead !
MI MI cell initialConcentration 0.99 substance/volume mole/litre False False 1 : :
X1 X1 cell initialConcentration 0.99 substance/volume maole/litre False False | SOMLAT . Le = i
[ setAnnotationNamespace
| . setAnnotationPackage |
GLoBAL PARAMETERS setAnnotationURL
ID MNaME VALUE Units DeErRIVED UnNiTs CONSTANT setModelAnnotation
Mass Mass 0.1 False setSBMLANnotation
mu  mu 0.05 True showMode 1 e
V1 V1 Indeterm?nate False SpeciesToSEML
V3 V3 Indeterminate False : 5
VM1 VM1 5 True | . speclesToSymbolicSBML
VM3 VM3 1 True | unitToSBML
Kc Kc 0.5 True ! unitToSymbol icSBML .
RULEsS
MEeTAID TyrE ForMuULA A kn I d m nt
rulel rateRule Mass'=0.05*Mass c OW e ge e S
rule2z assignmentRule V1=(3*C)/(0.5 + C) h | h If . - f h I h
i et e MathSBML was developed at the California Institute of Technology. Support has
been provided by ERATO Kitano Project, the US National Institutes of Health, and
ll'h.".Ejlfln!ITlZI:I-l'wISJ‘r GLOBAL AND LOCAL CONTEXTS SUPPRESSED the US Nat|0na| SCIence Foundat|0n.
ID MName Fast Reacrion MobpiFieErs PARAMETERS FormMuLA ConTriBUTION TO ODES
reactionl reactionl False 28 1 ?;:DDDSIE 0.025 - 0.01*C C'=0.025 - 0.01*C
reaction2 reaction2 False C — X Egzg'gg (0.25*C*X)/(0.02 + C) C'=(-0.25*C*X)/(0.02 + C) References
_ : _ s M'=(MI*V1)/(0.005 + MI) - " - ) "o
reaction3 reaction3 False MI — M K1=0.005 (MI*V1)/(0.005 + MI) . My 1)/(0.005 4+ MI)) Finney A, Hucka M, "Systems biology markup language: Level 2 and beyond," Biochem. Soc.
reactiond reactiond False M - MI SLE asmooos Wy MIZCLIMI0.005 + ) Trans. (2003) 31:1472-1473.
reactionS reactionS False XI =X K3=0.005 (V3*X1)/(0.005 + x1) X =(V3*XD)/(0.005 + XI) Goldbeter A "A minimal cascade model for the mitotic oscillator involving cyclin and cdc2
XI'=-((V3*XI)/(0.005 + XI)) . " .
N XT'=(0.5%X)/(0.005 + X) kinase," Proc Natl Acad Sci USA, 88:9107-9111 (1991).
reaction6 reaction6 False X -+ XI ' (0.5*X)/(0.005 + X)
V4=0.5 X'=(-0.5*X)/(0.005 + X)

DIFFERENTIAL EI!;_I‘l..IJIII;TlZI:ZH'«ISl‘r GLOBAL CONTEXT SUPPRESSED
VARIABLE ODEs
C C'=0.025 - 0.01*C - (0.25*C*X)/(0.02 + C)
M M'=(-1.5*M)/(0.005 + M) + (MI*V1)/(0.005 + MI)
Mass Mass'=0.05*Mass
MI MI'=(1.5*M)/(0.005 + M) - (MI*V1)/(0.005 + MI)
X X'=(-0.5*X)/(0.005 + X) + (V3*XI)/(0.005 + XI)
X1 XI'=(0.5*X)/(0.005 + X) - (V3*XI)/(0.005 + XI)
EVENTS
ID NamME TRIGGER DeLay TimeUniTs EvENT
CellDivision CellDivision mitosis[Mass, M] 0 time Mass->Mass/2
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