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What is SBML?

e Systems Biology Markup Language
o corelanguage
o packages for additional functionality

e Standard exchange format for i maso )

Tissues & Whole-body comp 4*"'

computational models in biology  (cenmnte
o >300 tools support
o large ecosystem: model building,
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SBML Level 3: an extensible format for the exchange and reuse of biological models.
Keating SM, Waltemath D, Kénig M, Zhang F, ... Hucka M; SBML Level 3 Community members.
Mol Syst Biol. 2020 Aug;16(8):€9110. doi: 10.15252/msb.20199110. PMID: 32845085.

The Systems Biology Markup Language (SBML): Language Specification for Level 3 Version 2 Core Release 2.

Hucka M, Bergmann FT, Chaouiya C, Dréger A, Hoops S, Keating SM, Kénig M, Noveére NL, Myers CJ, Olivier BG, Sahle S, Schaff JC, Sheriff R, Smith LP, Waltemath D,
Wilkinson DJ, Zhang F.

J Integr Bioinform. 2019 Jun 20;16(2):20190021. doi: 10.1515/jib-2019-0021. PMID: 31219795; PMCID: PMC6798823.
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How to create an SBML model?
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Uiz
//Feed Forward Network (Coherent Type 1)
//The FFN is meant to reduce noise -- the signal x has to last

// long enough. If x is short lived, g2 does not receive the
26// signal
Ll
model ffn(x, s2)
gene gl, g2;
species x, sl, s2;

Antimony COPASI (CellDesigner)

text-based format e GUIl-based

no validation e no/difficult programmatic
no type hinting interaction

SBML core & distrib

# (Reactionl) Creates a Reaction object ("veq").

reaction = model.createReaction()

reaction.setId("veq")

# (Reactantl) Creates a Reactant object that references Species "E"

# in the model. The object will be created within the reaction in the

# SBML <listOfReactants>.

spr = reaction.createReactant()
spr.setSpecies("E")

# (Reactant2) Creates a Reactant object that references Species "S"
# in the model.

spr = reaction.createReactant()

spr.setSpecies("s")

# (Productl) Creates a Product object that references Species "ES" in
# the model.

spr = reaction.createProduct()
spr.setSpecies("ES")

libSBML (JSBML)

e verylow level
e many silent failures (return
code handling)



What is sbmlutils?

Collection of python utilities for
programmatically developing SBML models i
https://github.com/matthiaskoenig/sbmlutils/ @ = X

https://sbmlutils.readthedocs.io

core
fbc
Features \_ ] distrib
T s =
e model creation, manipulation & merging 5
e unit support <o
e type annotations <som>
. </sbml>
e annotation support comp = >
</sbml>
e model reports
e interpolations
e file converters (XPP)
Packages

e core, fbc, comp, distrib, layout code style| black


https://github.com/matthiaskoenig/sbmlutils/
https://sbmlutils.readthedocs.io/en/latest/introduction.html

Model creation with sbmlutils

mid:

[ ) Iayer around |ibSbm| compal‘tme;tsz List[Compartment] = [
. . Compartment ( = = )
1
o programmatl.c generatlo'n (Eython) e ety
e type annotations, type hinting, srecies
aUto-Completionl documentation |])arameter‘s: List[Parameter] = [
e validation with warnings/errors | R .
reactions: List[Reaction] = [

e model reports reactionC

]




species: List[Species] = [

Species(

Model annotations

e object level annotations
o every SBase can be annotation 5
. . g =UNIT_mmol
o restricted set of MIRIAM qualifiers -

e pattern based annotations
=SBO_SIMPLE_CHEMICAL
o  match objects based on regular i
expressions

e validation against identifiers.org TG
resources (BQB. IS
o  regular expressions patterns

=[

<annotation>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xmlns:dcterms="http://purl.or¢
<rdf:Description rdf:about="#meta S1">
<bgbiol:is>
<rdf:Bag>
<rdf:1i rdf:resource="https://identifiers.org/chebi/CHEBI:4167"/>
<rdf:1i rdf:resource="https://identifiers.org/inchikey/WQZGKKKJIJFFOK-GASJEMHNSA-N"/>
</rdf:Bag>
</bgbiol:is>
</rdf:Description>
</rdf:RDF>
</annotation>



Data interpolation

10

use data to add spline functions to

models

driving model by input; clamping

constant interpolation

o ydata
® zdata
i )

—7

10

linear interpolation

o ydata
® zdata
—y

o— -2

10

cubic interpolation

o ydata
o zdata
)

— 7

10




BMiee sbmlutils

Model development
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sbmlsim

Model simulation
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Model visualization
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What is cysbml?
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This is 2 demonstration model in SBML format
The coten f this model has been carefly created i @ manusl
5 e haa been produced by Maiiian Kowris

Terms of use

ml

Copyright © 2016 Matthias Koenig

Redistribution and use of any part of this model, with or without
modification, are permitted provided that the following conditions.
a4 (C->B) are met.
3 Redstrbutionsof s SO fle must retain e above
pyright notice, this lit of canditions and the following
Giscai
Redistrbutions in a diferent form must reproduce the
above copyright notice. this lst of conditions and the
bB (B ¢xport) bC (C gxport) following disclaimer in the documentation and/or other
materials provided with the distribution.
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What is sbmlsim?

Collection of python utilities for simulating
SBML models (ODE)

https://github.com/matthiaskoenig/sbmlsim
https://sbmlsim.readthedocs.io

Features

model simulation

data support

unit support (& conversion)
multi-core execution (ray)

simulation experiments (publications)
parameter scans

parameter fitting
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