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What is the goal of using mathematical models?

Describe
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What is the goal of using mathematical models?

Describe Explain Predict
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Computational models on the rise
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@ BioModels Database growth (published models branch) since its creation

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




Improvised Designed
One off Many
Unique Standard

Manually produced Automated production
One or few artists Collaboration
Produced in one go Workflow

Fragile Robust
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We need to

Verify ‘ Re-use ‘ Modify ‘

Build upon ‘ Integrate with ‘

Therefore we need to share

Model descriptions Simulation descriptions
\ \
Parametrisations Biological meaw
\ \
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Three types of standards

Minimal
—»| requirements

WHAT

What to encode in order to

share experiments and I | l\/” 3

S|

> Data-models
HOW

understand results

How to encode the information defined

above in a computer-readable manner
o

Cl

Terminologies

Structured representation
of knowledge, with
concept definitions

and their relationships

14" Intl Workshop on Bioinformatics and Systems Biolo




A language to describe computational models in biology
Model Born in Caltech 2000
descriptions -

Hiroaki
. Kitano

s

&BML

Data-models )

4

Hamid Mike Herbert
Bolouri Hucka Finney Sauro

Hucka et al. (2003) ?
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<?xml version="1.0" encoding="UTF-8"7>
<sbml xmlns="http://www.sbml.org/sbml/level2/versiond" level="2" version="4">
<model name="Simple Model ">
<list0fCompartments>
<compartment id="cell" size="1" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" initialConcentration="1"/>
<species id="B" compartment="cell" initialConcentration="1"/>
</1ist0fSpecies>

<list0OfParameters>
<parameter id="kl" walue="0.1"/>
</list0fParameters>

<list0fReactions>
<reaction id="rl" reversible="false">

A
<list0fReactants> A Very SImple
<speciesReference species="A"/> .
</list0fReactants> SBML flle
<list0fProducts>
ﬂ <speciesReference species="B"/>

</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
(i{l?] <times/>
p— kl X [A] <ci> cell </ci>

<ci> kl </ci>
<ci> A </ci>
</apply>
</math>
</kineticLaw>
</reaction=>
</list0fReactions> f]tt[)://&it)l!ll.()rg; ‘
</model>
</sbml>

dt
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RESOURCE

A not so simple
SBML file (Recon2)

A community-driven global reconstruction of human
metabolism

Ines Thielel2:37, Neil Swainston?#37, Ronan M T Fleming!-3, Andreas HoppeS, Swagatika Sahool,
Maike K Aurich!, Hulda Haraldsdottir!, Monica L Mo?, Ottar Rolfsson!, Miranda D Stobbe®?,
Stefan G Thorleifsson!, Rasmus Agren!®, Christian Bolling®, Sergio Bordel'%, Arvind K Chavalill,
Paul Dobson!2, Warwick B Dunn?!3, Lukas Endler!4, David Hala!5, Michael Hucka!®, Duncan Hull4, ]
Daniel Jameson4, Neema Jamshidi’, Jon J Jonsson?, Nick Juty!7, Sarah Keating!?, Intawat Nookaew!0,
Nicolas Le Novere!7:18, Naglis Malys>1%20, Alexander Mazein?!, Jason A Papin!!, Nathan D Price??,
Evgeni Selkov, Sr23, Martin I Sigurdsson!, Evangelos Simeonidis?>24, Nikolaus Sonnenschein?3, Kieran Smallbone326, u
Anatoly Sorokin?!-?7, Johannes H G M van Beek?8-30, Dieter Weichart?31, Igor Goryanin2!:32, Jens Nielsen!9,
Hans V Westerhoff3:28:33:34 Douglas B Kell*35, Pedro Mendes?#436 & Bernhard @ Palsson!"’

8 compartments
5 063 metabolites
m 2 194 proteins

Multiple models of human metabolism have been reconstructed, but each represents only a subset of our knowledge. Here we
describe Recon 2, a community-driven, consensus ‘metabolic reconstruction’, which is the most comprehensive representation
of human metabolism that is applicable to computational modeling. Compared with its predecessors, the reconstruction has
improved topological and functional features, including ~2x more reactions and ~1.7x more unique metabolites. Using Recon 2 [ |
we predicted changes in metabolite biomarkers for 49 inborn errors of metabolism with 77% accuracy when compared to
experimental data. Mapping metabolomic data and drug information onto Recon 2 demonstrates its potential for integrating and
analyzing diverse data types. Using protein expression data, we automatically generated a compendium of 65 cell type-specific
models, providing a basis for manual curation or investigation of cell-specific metabolic properties. Recon 2 will facilitate many
future biomedical studies and is freely available at http://humanmetabolism.org/.

7 440 reactions

© 2013 Nature America, Inc. All rights reserved.

@

An understanding of metabolism is fundamental to comprehending
the phenotypic behavior of all living organisms, including humans,
where metabolism is integral to health and is involved in much of
human disease. High quality, genome-scale ‘metabolic reconstructions’
are at the heart of bottom-up systems biology analyses and represent
the entire network of metabolic reactions that a given organism is
known to exhibit!. The metabolic-network reconstruction procedure

is now well-established? and has been applied to a growing number
of model organisms®. Metabolic reconstructions allow for the con-
version of biological knowledge into a mathematical format and the
subsequent computation of physiological states!#* to address a variety
of scientific and applied questions®®. Reconstructions enable network-
wide mechanistic investigations of the genotype-phenotype relation-
ship. A high-quality reconstruction of the metabolic network is thus
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QML.org The Systems Biology Markup Language

¢ News Documents Downloads Forums Facilities Community Events About m 2t Q Google Site Search.

Parent pages: SBML.org

SBML Software Guide

The following pages describe SEML-compatible software packages known to us. We offer different ways of viewing the
information, all drawn from the same underlying data collected from the systems' developers via our software survey. The
Matrix provides a table listing all known software and a variety of their features; the Summary provides general descriptions
of most of the software; and the Showcase provides a sequential slideshow of a subset of the software,

Number of software packages listed in the matrix today: 263.

Go to the SBML Go to the SBEML Go to the SBML
Software Matrix Software Summary Software Showcase

e —_———————
P — - -

Flease tell us about additions and updates.

Historical trend

The following graph shows the total number of known SEML-compatible software packages each year, as counted by the SEML
Team. The counts shown are for approximately the middle of each year,

300

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013




Adding the semantics to the syntax

Born in Heidelberg 2004

Model
descriptions

Minimal
requirements

Data-models

Terminologies

Le Novere et al. (2005), Courtot et al. (2011)
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Encoded in public standard format
Single reference description
Reflect biological processes

Simulatable and reproduce results

Model creators details
Time of creation and last modification

Precise terms of distribution

Model components identified

Cross reference as triplets {collection, record, qualifier}

RNEA BB B AEA

Collection and record in one agreed-upon URI

http://co.mbine.org/standards/miriam
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Encoded in public standard format
Single reference description
Reflect biological processes

Simulatable and reproduce results

Model creators details
Time of creation and last modification

Precise terms of distribution

-
Model components identified

Cross reference as triplets {collection, record, qualifier}

NN BEE © EEA

Collection and record in one agreed-upon URI
\ S
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) e O
identi fleé's (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

o R

protocol type of URI collection record

T
“' .

Camille Laibe Nick Juty Sarala Wimalaratne
Juty et al. (2012)

/\é EMBL-EBI
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) a0
identi fleé's (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

S VN

protocol type of URI collection record

http://identifiers.org/pubmed/22140103

http://identifiers.org/ec-code/1.1.1.1

http://identifiers.org/go/G0:0000186

Baé*:%? EMBL-EBI °=;:§f-
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74 MIRIAM Registry.

Search

Examples: ontology, enzyme, Japan, EMBL GE

Home Browse : Download Web services Documentation Contribute Identifiers.org | About

Persistent identification for life science data

The MIRIAM Redqistry provides a set of online services for the generation of unigue and perennial identifiers, in the
form of URIs. It provides the core data which is used by Identifiers.org.

The core of the Registry is a catalogue of data collections (corresponding to controlled vocabularies, databases, ...},
their URIs and the corresponding physical URLs (or resources). These resources are monitored daily to ensure data

accessibility and the validity of the resolution mechanism.

Access to the Registry's dataset is made available via exports (XML and RDF) and Web Services (SOAP and REST).

All provided data and services are free for use by all.

Access data Contribute Learn & discover
Browse by data collection name Contact the team and Getting started with the Registry
Browse by types of data cc ity Freqguently Asked Questions

Publications, presentations,
posters, ...

Review of URI based
icdentification systems
Documentation

About the Registry

(categories & tags) E ting data collection
Web services Request new data collection(s)
Download complete dataset (XML) Provide feedback
Identifiers,org

Latest publication

Identifiers.org and MIRIAM Registry: community resources to provide persistent identification.

Juty M., Le MNovére M., Laibe C.
Nucleic Acids Eesearch. 2012, 40 (Database issue):

Laibe et al. (2007)

http://www.ebi.ac.uk/miriam/ —-
http://identifiers.org/registry

®: Feedback

Registry statistics
Published
Data collections: 521 (531)
Resources: 651 (704)

Last update:; Aug 12, 2014
Under curation

Data callections:

Resources:;

Last update:

409
415
Jun 30, 2014

Dataset descriptor and RDF representations

August 2013
The Registry now provides a dataset
descriptor and RDF representations of the
whole Registry and individual data collections
(in RDF/XML and Turtle formats). Read
more...

Primary resources

July 2013
Identifiers.org and its Registry now highlight
the "primary resource"” for data collections.
Read more. .,

Presentation at BioHackathon 2013

June 2013
Presentation "Identifiers.org: practical
integration tool for heterogeneous datasets"
o dackathon 2013 Symposium in

International Conference on Systems Biology 2014, Melbourne
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Resolvable
Homogeneous

Human
readable




SBML and Identifiers.org cross-references

<species 1d="ca calmodulin" metaid="cacam"=>
<annotation>
<rdf: RDF
xmlns: rdf="http: //www.w3.0rg,/1999,/02/22-rdf-syntax-ns&"
kmlns:bgbiol="http://blomodels.net/biology-qualifiers/"=
<rdf:Description rdf:about="#cacam"=>
<bgbiol :hadPart>
<rdf:Bag>
<rdf:li rdf:resource="http://1dentifiers.org/uniprot/62158" />
<rdf:li rdf:resource="http://1dentifiers.org/cheb1/CHEEI: 259108" />
</rdf :Bag>
</bgbiol : hasPart>
</rdf:Description>
</rdf :RDF=>
</annotation>
</species>

0950
(] ®
[ %
0g o

EMBL-EBI :: .
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Surely, this is enough?
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Simulation experiment = model + what to do with it

fig ab
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Bornheimer et al 2004 (BIOMDO0O000000086)

Huang & Ferrell (BIOMDO0O0O0000009)
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Choice of algorithm affects behaviour

Gibson-Bruck Mﬁ WW l Isode
| il ]
e @
[z>corasi

! é—é} EMBL-EBI
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Description of simulations and analyses

Model
descriptions

Simulations
and analysis

Minimal
requirements '

WASE”

ML
BGN

Data-models

L

Terminologies

Anna Zh'l'Jkova

Waltemath et al. (2011, 2011), Courtot et al (2011)
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Provide models or mean of access

Equations, parameter values and necessary conditions

Standard formats, code available or full description

Modifications required before simulation

Simulation steps, algorithms, order, processing

Information for correct implementation of all steps

If not open source, all information to rewrite

If dependent on platform, how to use this platform

Post-processing steps to generate final results

RE RHEAN HAEAA

How to compare results to get insights

http://co.mbine.org/standards/miase

International Conference on Systems Biology 2014, Melbour



Simulation Experiment Description Markup Language

<?xml version="1.0" encoding="utf-8"7>
<sedML xmlns="http://sed-mlL.org/"
xmlns:math="http://www.w3.0org/1998/Math/MathML"
level="1" version="1">
<list0fSimulations>=/-- --= </list0fSimulations>
<list0fModels>
<model id="" source=""> @ Any XML format
<list0fChanges=>='-- --=</list0fChanges=>
</model>
</list0fModels>
<list0fTasks><'-- --=</1ist0fTasks>
<list0fDataGenerators><'-- --=</list0fDataGenerators>
<list0fOutputs>
<plot2D />
<plot3D />
<report />
</list0f0utputs>

</sedML> _ )
@MLJ http://sed-ml.org

International Conference on Systems Biology 2014, Melbourne



Etc.

Model Simulations Numerical
descriptions and analysis results

Minimal ol
requirements

SML o
BGN

NuML

Data-models

Terminologies cacy —
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That looks very useful.
Where can | find those?

/—%? EMBL-EBI
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M g

¥4 BioModels Database

=~ BioModels Database is a repository of computational models of biological
processes. Models described from literature are manually curated and enriched

information about BioModels Database can be found in the FAQ.

Models published in the literature
Broawse

5

Alternative access

Gene Gene Advanced
Ontology Ontology search
classification

Models automatically generated from pathway resources (Path2Models)

Browse Alternative access

ic (112,898 models)
[N olic (27,531 models)
Whole genome metabolism (2,641 models)

Taxonomy

Contact us | © Main instance at EMBL-EBI, UK | 2 Mirror at Caltech, USA | .. Modd

2.4 BBSRC

bioscience for the future

Acknowledgements: E MBL

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

Le Novere et al. (2006), Li et al (2010)

tree e”|
a

Model of the month

A mathematical model m.:-_? -
describing the molecular ».J-g; Al
i

mechanisms involved in AD de
and the effect of immunisation  §7aess s hos 1 -
against AR on soluble AB, - -

provide a
. Also, a
models
ve been

SYSLES FTE d ¥ <
Nature Publishing Group (PSPod) is now online.
Listen it.




>140 000 model

>10 millions math relati

fs

~ 200 millions cross-r

> 300 journals advise deposition

~ 1000 citation

1 million page requests per year

é—%? EMBL-EBI i 7}
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Cellular component assembly

Immune response
Immune system development

Cell differentiation
Anatomical structure
development

Neurological system process
Circulatory system process
Reproductive process
Digestive system process
Pattern specification process

Rhythmic behavior
Circadian rhythm

Cellular
component

organization
or biogenesis

Immune
system
process

Developmental
process

Multicellular
organismal
process

Biological process
(GO:0008150)

International Conference on Systems Biology 2014, Melbourne

Response to
stimulus

Metabolic
process

Biological
regulation

Cellular

process

Babraham
Institute

Signal transduction
Response to stress
Response to chemical
Response to hormone
Response to abiotic stimulus
Response to biotic stimulus

Organic substance metabolic process
Photosynthesis

Oxidation-reduction process

Nitrogen compound metabolic process
Catalytic activity

Regulation of biological process
Gene expression

Regulation of molecular function
Homeostatic process

Regulation of localization
Regulation of membrane potential

Cell cycle
Apoptotic process
Synaptic transmission

/ é) EMBL-EBI i




Biochemical models

Fernandez et al. DARPP-32 is a
7.00E-6 robust integrator of dopamine

and glutamate signals
6.00E-6 PLoS Comput Biol (2006) 2: e176.
G ¥ BIOMD0000000153

3.00E-6

2.00E-6

PP2BiCa,
1.00E-6

M T

PP2B ———————" D34:75:137
2+
0.00E+0 o— cia —Q D137 /
) D75-137
-1.00E-6 i
350 400 450 500 550 600 650 700 750 Y CK1P CKA
|' t_/
5y
1]
L]
1Y
[}
A
1]
L
L[] “
reaction:

Von = kon X [D] x [CDK5] x Vol

~aa
sssss
.........

-
-
-

hhhh

L
A pp2APCa
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Pharmacometrics models

8 T T T T T 16000

1 14000

1 12000

41 10000

-1 8000

1 6000

Tumour Size (cm)
IS
Dose and Ce (mg)

1 4000

1 2000

o 10 20 30 40 50 60
Week

Dose

Tumour Size

rate rule:

dS1
dztze - (Ratein X EﬁeCt - Kover X SZZG) X Size

Tham et al (2008) A pharmacodynamic
model for the time course of tumor
shrinkage by gemcitabine + carboplatin in

non-small cell lung cancer patients.
Clin Cancer Res. 2008 14(13): 4213-8.

Ay
1’ ;

¢4 BIOMD0000000234

-
aP

assignment rule:

E C
Effect =1 — —/—22 e

International Conference on Systems Biology 2014, Melbourne
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RS:c=-65mvVd=8

Neuroscience models

CH:c=-50mVd=2

|zhikevich EM. Simple
model of spiking neurons.
IEEE Trans Neural Netw

.......... B (2003) 14(6):1569-1572.
ST
H J BIOMDO0000000127
LW
Elate rule: event. Vv =c
U ]
= =0.047 455V + 140 ~ U+ Whenw%hregh{ U=U-+d

L)
* 3
(] ®
° %
0g o
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Was it worth it?
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“You should not develop standards and easy to use
modelling software. This allows biologists to write models,
and they don't know how to do it properly.”

Biomathematician, 2007

“By developing BioModels you harmed the cause of
modelling in biology. My students do not learn how to make
a model, they download it ready to use instead”

L Theoretical biologist, 2006

* *
(] ®
eeeee

EMBL-EBI . :
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Erb receptor signalling
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Clustering models (and data)
based on metadata

.
Ty
1

OMDOO00000028_iMarkevich2004_MAPK_phosphoRandomElementany

OMDOO00Q000026_{Markevich2004_MAPK _orderedElementany
OMDOO00000030_iMarkevich2004_MAPK_AlIRandomElementany
OMDOO000000029_(Markevich2004_MAPK_phosphoRandomMh)
OMDOO00000027 _(Markevich2004_MAPK _orderedMM)
OMDOO0000003 1 _(Markevich2004_MAPK_orderedMM 2Kinases)

OMDO000000011 _(Levchenko2 000 _MAPK_noScaffold)
OMDOO000000032 _(Kofahl2004_pheromaone)

OMDOO00000014 _{Levchenko2 000 _MAPK _Scaffold)
OMDOO00000048_(Kholodenko199%_EGFRsignaling)

OMDOO0Q0O000049_(Sasagawa2 005 _MAPK)
OMDOO00000175 _(Birtwistle2007 _ErbB_Signalling)

OMDO000000009_(Huangl996_MAPK _ultrasens)
OMDQO00O000149_(Kim2007_Wnt_ERK_Crosstalk)
OMDOOOO000033_()

OMDOO00000205 _(Ung2 008_EGFR_Endocytosis)

OMDOOOOO00010_0
OMDOO00000019_{)

J ; = ATP:protein_phosphotransferase_(hon-specific)
i [ RAF_proto-oncogene_serine fthreonine-protein_kinase
. ; inactivation_of _MAPKKK_activity
: | | inactivation_of _MAPKK_activity

protein_amino_acid_dephosphondation
protein_amino_acid_phosphondation
MAP_Kinase_kinase_kinase_kinase_activity
| [ MAP_Kinase_kinase_Kinase_activity
| | activation_of _MAPKKK_activity
‘ : activation_of_MAPKK_activity

‘ Ras_small_CTPase, _Ras_type

. mitogen-activated_protein_kinase_kinase_kinase_binding
| . urn:miriam:reactome:REACT _143
urn:miriam:reactome:REACT _996
urn:miriam:reactome:REACT _614
: Serinefthreonine-protein_kinase_mos

s urn:miriam:reactome:REACT _525
- s Mitogen-activated_protein_kinase_1
E ; ATP:protein_phosphotransferase_(MAPKKK-activated)
S . MAP_Kinase_kinase_activity
- - . || activation_of _MAPK_activity
inactivation_of _MAPK _activity

i
, Dual_ speclflut\/ mitogen- actlviaéed protein_kinase_kinase_1 SChUlZ et a/_ (201 1)

iy _ urn:miriam:reactome:REACT

‘ : urn:miriam:reactome:REACT _2247
urn:miriam:uniprot: Q90WSs 8
Babraham
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| I | | phosphoprotein_phosphatase_activity
! - mitogen-activated_protein_kinase_binding
J E mitogen-activated_protein_kinase_kinase_binding

| urn:miriam:reactome:REACT _1780
urn:miriam:reactome: REACT _495

‘ peptichd-threonine_phosphondation

peptichd-tyrosine_phosphondation
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Ranking and retrieval of models

Model BioModel Similarity P-value Overlap P-value
Huang1996_MAPK_ultrasens BIOMDO0000000009 L.000  <=1e-3 30 0.0er00 M
Levchenko2000_MAPK_noScaffold BIOMDO0000000011 0.930 <=1le-3 28 0.0e+00 EEEEEEEEEEEEEEEEEE——
Levchenko2000_MAPK_Scaffold BIOMDO0000000014 0.874 <=le-3 26 0.0e+00 FE e
Kholodenko2000 MAPK_feedback BIOMDO0000000010 0.830 <=1e-3 20 0.0e+00 T
Markevich2004_MAPK_orderedElementary BIOMDO000000026 0.749 <=le-3 16 2.9e-15 ITm——
Markevich2004_MAPK_phosphoRandomElementary BIOMD0000000028 0.692 <=1e3 15 9.1¢e-14
Markevich2004_MAPK_AlIRandomElementary BIOMDO0000000030 0.692 <=1e-3 15 g.1e-14 NEEEEEEEEEEEEEEETEET——
Markevich2004_MAPK_orderedMM BIOMDO0000000027 0.691  <=le-3 12 9.80-10 I MAPK
Markevich2004_MAPK_orderedMM2kinases BIOMDO0000000031 0.691 <=le-3 12 9.8e-10 T
Markevich2004 MAPK_phosphoRandomMM BIOMDO0000000029 0.626 <=le-3 11 1.6e-08 N—
Hornberg2005_ERKcascade BIOMDO0000000084 0.523 <=1e-3 9 p o
McClean2007_CrossTalk BIOMDO0000000116 0.453 <=1e-3 2.7e05 N
B'w
Goldbeter1991 MinMitOscil Explinact BIOMDO0000000004 0,389 <=le-3 3 D0 ——
Brown2004_NGF_EGF_signaling BIOMDO0000000033 0.371 <=le-3 9 2.7e06 B
Ung2008_EGFR_Endocytosis BIOMDO0000000205 0.363 <=le3 8 2.7¢-05 ——
L€ 2007 Wit EDI_Crosetall RIQADON000001AQ. 0. 355 PR P T s 22007
inMitOscil BIOMDO00ON00003_0 349 <=le:3..3 Locnl N
I Sasgawazuus MAPK BIOMDO0000000049 0,339 <=le-3 9 2 7e-06 I ]
Swat2004_Mammalian_G1_S_Transition BIOMDO0000000228 0.317 <=le-3 2 4.0e-01 B
Tysonl1991_CellCycle_6var BIOMDO0000000005 0.304 <=le-3 4 4.2e-02 I
Goldbeter1995_CircClock BIOMDO0000000016 0.274 <=le-3 4 42002 |
Novak1997_CellCycle BIOMDO0000000007 0.259 <=1e-3 1 7.6e-01
Novak2001_FissionYeast_CellCycle BIOMDO000000111 0.255 <=le3 2 4.0e-01
Leloup1999_CircClock BIOMDO0000000021 0.246 <=le-3 4 4.2¢-02 I
Birtwistle2007_ErbB_Signalling BIOMDO0000000175 0.236 <=le-3 1 7.6c-01 I
Neves2008_Cell_Shape BIOMDO0000000182 0.222 <=le-3 6 1.6e-03 I
Leloup1998_CircClock LD BIOMDO0000000171 0.219 <=le-3 4 4.2¢-02 N
Veening2008_DegU_Regulation BIOMDO0000000240 0.211 4.0e-03 2 4.0e-01
Chen2004_CellCycle BIOMDO000000056 0.209 4.0e-03 4 4.2e-02
Fernandez2006_ModelA BIOMDO0000000152 0.207 5.0e-03 2 4.0e-01
RIQNMDO000000123..0.199 Z.02:03..2 A0e:0]
W BIOMDO00ON00146 0 198 2003 1 Z.6e:01
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Retrieval of models using gene expression

Model

Wolf2001 respiratory oscillations
Chassagnole2001_Threonine Synthesis
Curien2009_Aspartate_Metabolism
Curien2003_MetThr_synthesis
Proctor2007_ubiquitine
Curto1998_purineMetabol
Ibrahim2008_Spindle_Assembly_Checkpoint_dissociation
Ibrahim2008_Spindle_Assembly_Checkpoint_convey
Rodriguez-Caso02006_Polyamine_Metabolism
Nijhout2004_Folate_Cycle
Morrison1989_FolateCycle
Zatorsky2006_p53_Model3
Zatorsky2006_p53 Model6
Hunziker2010_p53_StressSpecificResponse
Zatorsky2006_p53_Modelb
Zatorsky2006_p53_Model4
Zatorsky2006_p53_Model2
Zatorsky2006_p53_Modell
Proctor2008_p53_Mdm2_ATM
McClean2007_CrossTalk
Proctor2008_p53_Mdm2_ARF
Haberichter2007_cellcycle
Sasagawa2005_MAPK

BioModel

BIOMDO00000000S0
BIOMDO000000066
BIOMDO0000000212
BIOMDO000000068
BIOMDO0000000105
BIOMDO000000015
BIOMDO0000000186
BIOMDO0000000187
BIOMDO0000000190
BIOMDO0000000213
BIOMDO0000000018
BIOMDO0000000154
BIOMDO0000000155
BIOMDO0000000252
BIOMDO0000000156
BIOMDO0000000157
BIOMDO0000000158
BIOMDO0000000159
BIOMDO0000000188
BIOMDO0000000116
BIOMDO0000000189
BIOMDO0000000109
BIOMDO0000000049

International Conference on Systems Biology 2014, Melbour

Similarity P-value

0.207 <=le-3
0.184 <=1e-3
0.170 <=1e-3
0.141 <=le-3
0.098 2.0e-03
0.063 1.1e-02
0.057 1.8e-02
0.057 1.8e-02
0.040 7.1e-02
0.032 1.1e-01
0.030 1.3e-01
0.023 2.5e-01
0.023 2.5e-01
0.023 2.5e-01
0.022 2.7e-01
0.022 2.7e-01
0.022 2.7e-01
0.022 2.7e-01
0.013 4.3e-01
0.012 4.7e-01
0.012 4.9e-01
0.011 5.0e-01
0.006 5.6e-01

Overlap P-value

6.6e-09
1.5e-05
3.6e-07
1.0e-02
1.4e-01
1.0e-02
1.0e+00
1.0e+00
1.4e-01
1.4e-01
1.4e-01
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
1.0e+00
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Logical models g
signalling pathways

Chemical kinetics models
metabolic pathways

#® METACYC
Flux Balance Analysis
SBMLsqueezer whole genome reconstructions
SABIO—RK

Buchel et al. (2013)
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Are-we ready to develop comprehensive models of
whole cells, organs and organisms?
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Challenge 1: scales

Coupled
multi-scale
models

- RSN _ . . . B AR i .Theoretical and
: f R 1 Computational
1

' ' roadblockers
1

L S N ]

24 orders of
magnitude

9 orders of s
magnitude Castiglione et al. (2014)
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CARBON DYNAMIC

P
FUNCTIONAL-STRUCTURAL

MODEL (A) PLANT MODEL (B)
. " . Rosette area
CheW et al (20 1 4) Hontieretty Photosynthesis and - Plant
: respiration Root size structure
‘ '
CO, level szee;tei
partitioning organ growth Light-use
Temperature - 1 | efficiency
W = e Organ i 4
-» Fook-hoot appearance ! d
. g allocation v X W
Bunrisefsunset | B | | + ~-------cp-memaoo rate i :
time 7 Biomass
””””””””” used for
growth
Rosette area
PHOTO-
SPERIODIS VEGETATIVE GROWTH [Emergence] [ Cessation ]
MODEL (D
Clock gene I Flowering time
expression
circuit PHOTOTHERMAL Reproductive Yes Cumulative MPTU >
MODEL (C) switch Threshold?
'3 n
Photoperiod Fl'| eceee-- v ‘
control of FT 4 Lo Thermal — Modified Photothermal
-} Vi | t =
RNA g Phoiopenod‘: X [ i ] X [ ernalisa IO[‘I] [ Unit (MPTU) ]

Schliess et al. (2014)
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Challenge 2: automatic generation

Ed 1@ PRIDE Inspector 1.2.7 BEBR
File Examp,gg Export Halp <assignmentRule metaid="metald_0000023" variable="CT"=>
g o [ DOreptide (8480) | O Spectrum (8480) [ B Quantification | Jsill Summary Charts (8) | <math _T'"]-n5="h'ttp=f/WW-‘~'3- org/1998/Math/MathML" >
Open File(s) | (=) Overview | 2 Protein (2151) | <apply=
:‘t search PRIDE Protein Type: Gel Free & Obtain Protein Details [ Decoy Filter & Shared Peptides Disclaimer [ (@) “:IJ-!US/?-“ . d[CZ]/dr - k6[M] - kS[NP][CZ] + kg[cp]
. # Submitted Mapped & Score Threshold # Peptides  # Distinct Peptides # PTMs More [ <cl> C2 =</ci= d[CP]/dt = _kg[CP][Y] + kg[""P][CZ] - k’[CP]
| 1542 |IPI00465204 |PI00465294 59,0 27.0 1 1 0 <ci> CP </ci= = _ _
'*=“anate poumioad 367 |PI00470401 [PI00470401 44.0 29.0 1 1 0 <ci= M </ci> d[pM]/dl k3[CP}[Y] [pM]F([M]) + ks[ PI[M]
wHSlp 1142 |PIOD470587 |PI00470S67 |37.0 28.0 1 1 0 . <ci> pM </ci» d[M]/d’ = [pMIF([M]) — ks[~P)[M] - kG[M]
1090 |PI00470674 [PI00470674 50.0 32.0 1 1 0
O e 1616 IPI00472028 |PI00472028 |40.0 39.0 1 1 0 -ﬂ/apply:- d[Y]/df = k,[aa] - kz[Y] - k3[CP}[Y]
1846 |PI00473101 [PI00473101 48.0 28.0 i 1 0 </math=> = —
) PRIDE Experiment L., X 7821P100450033 |pi00a80033 5.0 5o | o o </assignnentRul e> d[YP]/dt = ke[M] — ks[YP]
590 |PI00549318 PI00S48318 360 28.0 i 1 0 ;
912 |PI00S54481 |PI00SS4481 |36.0 29.0 1 1 N - {ﬂ_.lstﬂfRu'lB?)-
574 |PIO0S55947 |PI00S55947 |48.0 30.0 1 1 RN o <list0fReactions= ) ) _ o
- =<reaction id="Reactionl" name="cyclin_cdc2k dissoclation" metaid="_0000Ll0" reversible="false"=>
"ipt“’e “P'“szg:“] - ::NE Delta m/z P #PTMs | PTM List| # | Length | start st More B <annotation>
eptide arge elta m, recurso... S 151 ons eng al ore I+ . . _n B n . _n N o
Al e e o | E s 5 = =rdf:RDF xmlqs.rdf— http./!ww?.wB.org!}QQQIDEIEE-rdf-syntax-ns# xmlns:bgmodel="http://biom
2 MISEPGEAEVFMTPEDFVR |1 |32.0207 2184.06 |0 | o 19 136 154 <rdf:Description rdf:about="# 000010">
<hgbiol :hasVersion>
=rdf:Bag>

<rdf:11 rdf:resource="http://identifiers.org/reactome/REACT_&308"/=>
</rdf:Bag>
</bgbiol :hasVersion>
ol ion0f-

| spectrum | sequence

= Experiment Summary 25000

. Spectra found |
- Proteins found |

. 5,000
./ Peptides found | o S YT R T I T L 1 | |

0 100 200 300 400 S00 €00 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
m/z

20,000
15,000
10,000

Ed

<rdfili rdf:resource="http://identif ( " hEee7" />
</rdf:Bag>
</bgbiol :isVersion0f=

</rdf:Description=
</rdf:RDF>
</annotation=

| é - .. Jmact s
@O eEain T @ Zemaet” <listofReactants>
/ 7 e T el é <speciesReference species="M" metaid="_712369" />
1981 i

Intensity

kﬁ*@m\@@

N\

El‘%
g

Falcate conpls

Ol O
= Tmisra-
= [
(—) P i e dirghe -
e

: & </listofReactants>

T o AistofProducts>

<speciesReference species="C2" metaid="_712382" />
<speciesReference species="YP" metaid="_712394" />

»{Ehoichg e |

. G B hmche- chosghorinsd] =/1ist0fProducts=
: i o @ <kineticLaw metaid="_712408"=>
T 55’/ 2 : 5 EstgE”  <math xmlns="http://www.w3.0rg/1998/Math/MathML" >
! <apply=
[Radl 7 AFC Q’ .
e G@k——aé <times,/>
. /] <ci> cell =/ci>
=N it TN <ci> k6 </ci>
Ej n p <ci> M </ci>

Need to generate model automatically based on omics datasets. Known on
small scale. The larger, the more human intervention needed.
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Challenge 3:
Modularity is
mandatory

External
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® modification

RNA )
Matabiciiam decay AT
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:“.‘\ = -1
3 . S i RNA processing

Transcription

ranscriptional Macromolecular

Ry

eplication

DNA
replication

Chromosome Cytokinesis

segregation

A Whole-Cell Computational Model
Predicts Phenotype from Genotype

Jonathan R. Karr,'# Jayodita C. Sanghvi,2* Derek N. Macklin,2 Miriam V. Gutschow,? Jared M. Jacobs,?
Benjamin Bolival, Jr.,?> Nacyra Assad-Garcia,® John l. Glass,® and Markus W. Covert>*

'Graduate Program in Biophysics

2Department of Bioengineering

Stanford University, Stanford, CA 84305, USA

1J. Craig Venter Institute, Rockville, MD 20850, USA
4These authors contributed equally to this work
*Correspondence: meovert@stanford.edu
http://dx.doi.org/10.1016/].cell.2012.05.044

SUMMARY

Understanding how complex phenotypes arise from
individual molecules and their interactions is a
primary challenge in biology that computational
approaches are poised to tackle. We report a
whole-cell computational model of the life cycle of
the human pathogen Mycoplasma genitalium that
includes all of its molecular components and their
interactions. An integrative approach to modeling
that combines diverse mathematics enabled the
simultaneous inclusion of fundamentally different
cellular processes and experimental measurements.
Our whole-cell model accounts for all annotated
gene functions and was validated against a broad
range of data. The model provides insights into
many previously unobserved cellular behaviors,
inclndinn in vivn ratae nf nrntaincNNA acenriatinn

First, until recently, not enough has been known about the indi-
vidual molecules and their interactions to completely model
any one organism. The advent of genomics and other high-
throughput measurement technigues has accelerated the char-
acterization of some organisms to the extent that comprehensive
modeling is now possible. For example, the mycoplasmas,
a genus of bacteria with relatively small genomes that includes
several pathogens, have recently been the subject of an exhaus-
tive experimental effort by a European consortium to determine
the transcriptome (Glell et al., 2009), proteome (Kiihner et al.,
2009), and metabolome (Yus et al., 2009) of these organisms.
The second limiting factor has been that no single computa-
tional method is sufficient to explain complex phenotypes in
terms of molecular components and their interactions. The first
approaches to modeling cellular physiology, based on ordinary
differential equations (ODEs) (Atlas et al., 2008; Browning
et al., 2004; Castellanos et al., 2004, 2007; Domach et al.,
1984; Tomita et al., 1999), were limited by the difficulty in obtain-
ing the necessary model parameters. Subsequently, alternative
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Why is modularity important?

= Different parts can be modelled with different approaches

= Alternative modules representing the same biological process
with different granularities or different modelling approaches

= Model families with alternative parts: avoid combinatorial
explosion

=  Modules can be developed at their own pace; easier versioning

= Distributed maintenance. No single individual or group can
master the entirety of the project.

International Conference on Systems Biology 2014, Melbourne



Challenge 4: Single software not sufficient

Dm

BML—> {@corasi

BML —> {@>coras:

BML —> {@>coras:

BML—
BML—  swoldyae

modular model
hybrid simulation system
discrete event detection

adaptive synchronization
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Challenge 5: reproducibility and virtualisation

/ (O W mies o g \

/

Models must be self-contained and portable for everyone to reuse and}
customise — Virtual machines with models+tools

71
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BioModels team
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PhD studentships
(stem cells, epigenetics, metabolism)

Post-doc
(lipidomics, transcriptomics,
metabolic modelling)

developers, curators
(BioModels, SBML support)
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