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What happened to biology at the end of XX™ century?
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Creation of a Bacterial Cell Controlled
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New way of doing biomedical research

Needs for interplay between |[Experiment
models and reality tests
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The models | am talking about
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Many complementary modelling approaches

N biol / State-Transitions, cable
eurobiology Approximation (PDE)

4

Physiology

Biochemistry

Process
Descriptions
(ODE, Monte-Carlo) |

Pharmacometrics PK/PD, statistical
models

Developmental
biology, plant biology




Computational modelling left the niches

Metabolic networks Fung et al. A synthetic gene-metabolic oscillator. Nature 2005; Herrgard et al. A consensus yeast
metabolic network reconstruction obtained from a community approach to systems biology. Nat Biotechnol 2008

Signalling pathways Bray et al. Receptor clustering as a cellular mechanism to control sensitivity. Nature 1998; Bhalla ad
lyengar. Emergent properties of signaling pathways. Science 1998; Schoeberl et al. Computational modeling of the dynamics of
the MAP kinase cascade activated by surface and internalized EGF receptors. Nat Biotechnol 2002; Hoffmann et. The IkB-NF-
KB signaling module: temporal control and selective gene activation. Science 2002; Smith et al. Systems analysis of Ran
transport. Science 2002; Bhalla et al. MAP kinase phosphatase as a locus of flexibility in a mitogen-activated protein kinase
signaling network. Science 2002; Nelson et al. Oscillations in NF-kB Signaling Control the Dynamics of Gene Expression.
Science 2004; Werner et al. Stimulus specificity of gene expression programs determined by temporal control of IKK activity.
Science 2005; Sasagawa et al. Prediction and validation of the distinct dynamics of transient and sustained ERK activation. Nat
Cell Biol 2005; Basak et al. A fourth IkappaB protein within the NF-kB signaling module. Cell 2007; McLean et al. Cross-talk and
decision making in MAP kinase pathways. Nat Genet 2007; Ashall et al. Pulsatile Stimulation Determines Timing and Specificity
of NF-kB-Dependent Transcription. Science 2009; Becker et al. Covering a broad dynamic range: information processing at the
erythropoietin receptor. Science 2010

Gene regulatory networks McAdams and Shapiro. Circuit simulation of genetic networks. Science 1995; Yue et al.
Genomic cis-regulatory logic: Experimental and computational analysis of a sea urchin gene. Science 1998; Von Dassow et al.
The segment polarity network is a robust developmental module. Nature 2000; Elowitz and Leibler. A synthetic oscillatory
network of transcriptional regulators. Nature 2000; Shen-Orr et al, Network motifs in the transcriptional regulation network of
Escherichia coli. Nat Genet 2002; Yao et al. A bistable Rb-E2F switch underlies the restriction point. Nat Cell Biol 2008;
Friedland. Synthetic gene networks that count. Science 2009

Pharmacometrics models Labrijn et al. Therapeutic IgG4 antibodies engage in Fab-arm exchange with endogenous
human IgG4 in vivo. Nat Biotechnol 2009

Physiological models Noble. Modeling the heart from genes to cells to the whole organ. Science 2002; Izhikevich and
Edelman. Large-scale model of mammalian thalamocortical systems. PNAS 2008

Infectious diseases Perelson et al. HIV-1 dynamics in vivo: Virion clearance rate, infected cell life-span, and viral

generation time. Science 1996; Nowak. Population dynamics of immune responses to persistent viruses. Science 1996;
Neumann et al. Hepatitis C viral dynamics in vivo and the antiviral efficacy of interferon-alpha therapy. Science 1998



Databases Tools Research Training Inclustry About Us al-1 Site Index B &5

BioMaodels Home

BioModels Database - A Database of Annotated Published Models

?_I_,-'--\
BioMaodels Database is a repository of peerreviewsd, published, computational models. These mathematical maodels are primarily from the field of systems biology,
but more generally are those of biological interest This resource allows biologists to store, search and retrieve published mathematical models. In addition, modals

in the database can be used to generate sub-models, can be simulated onling, and can be convertad betweaen different representational farmats. This resource also
featuras programmatic access via Web Sarvices.

All unmodified models inthe database are available freely for use and distribution, to all users. This resource is developed and maintainad by the BloMode|s.nat @
initiative_ More infarmation about BioModels Database can be found in the Frequently Asked Questions.
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Download All Modsls Under SBML F armat

Smelt a m“dEI 4 Febuary 2011 JUMMP: JUst a Model Management
Platform

Tao provide the worldwide community with a modern
tool for the collaborative creation and sharing of
models in an efficiznt and secured way, the Jlrgen Eils
and Micalas Le Movers groups are announcing the

« Main instance at EMBL-EEI, UK JUMMP project Itis plannad that JUMMP will be used

as the software infrastructure running BloMaodals
« Mirror at Caltech, USA Database Read more . i
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_ Web Services I'Eur:l;h mber 2010 New availability of the Models of the
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http :/jwww.ebi.ac.ukfbiomodels-mainfpublmodels



- Computational models on the rise

S

models relationships
1000 200000
800 160000
600 120000
400 80000
200 40000

0 0
Apr 2005 Sep 2011

BioModels Database growth since its creation



A language to describe computational models in biology

Model
descriptions

SBML |

Data-models

Born in Caltech 2000



SBML! What can we encode in SBML (core)?

discrete events
arbitrary rules ‘




Why the Extensible Markup Language (XML)?

HTML

A <strong>strong word</strong> and an A strong word and an hyperlink
<a href="http://ww wW3. org/” >hyperl i nk</a>

SVG

<circle r="100" fill="red"

stroke="bl ue" stroke-w dt h="10" /[>

MathML

<apply>
<int/>
<bvar ><ci > x </ci ></bvar>
<lowimt><cn> 0 </cn></lowWwimt>
<uplimt><ci> a </ci></uplimnts> f(g;-)dg;
<apply><ci> f </ci><ci> x </ci></apply> 0

</ apply>

Excel
<row r="1">
<c r="Al"><v>1</ v></ c> B1 v g, z = [=cime1L

<c r="B1"> 2 T
<f >C11* E11</f >
<v>102</ v> L

</ c>
</ row>




Why the Extensible Markup Language (XML)?

e Easy to define and validate

Rapid prototyping, processing tools can be generated and thrown away
e Existence of a very large toolkit

Libraries in every programming languages

A very large number of description formats in life sciences are in XML
e Associated technologies

Definition: XML Schema, Schematron (themselves XML)

Conversion: XSLT (using XSL in XML)
Linking: XPath and XQuery



SBML Global structure of a SBML file

<?xml version="1.0" encoding="UTF-8"7?>
<sbml level="3" version="1"-
xmlns="http://www.sbml .org/sbml/level3/versionl/core">

<model>
<list0fFunctionDefinitions> =/'-- --= </1list0fFunctionDefinitions>
<list0fUnitDefinitions> ='-- --= </list0fUnitDefinitions>
<list0fCompartments> = -- --- </ListOfCompartments>

- <list0fSpecies> </-- --= </list0fSpecies>
variables <list0fParameters> </-- --= </list0OfParameters>
<liﬁtﬂf1nitiallﬁﬁignmentﬁh <!-- --» :fliﬁtﬂfInitiallﬁsignmentﬁh
<listOfRules> = -- --= </lList0fRules>
. . <list0fConstraints> =/'-- --= </1ist0fConstraints>
relationships <list0fReactions> =/'-- --= </list0fReactions>

<list0OfEvents> =/'-- --= </1ist0fEvents>

</model>

</sbml>



A very simple SBML file (A — B)

<?xml version="1.0" encoding="UTF-8"7=>
<sbml xmlns="http://www.sbml.org/sbml/level2/versiond4" 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"/>
</list0fSpecies>
<list0fParameters>
<parameter id="kl" value="0.1"/f>
</list0fParameters>
<list0fReactions>
<reaction id="rl" reversible="false">
<list0fReactants>
<speciesReference species="A"/>
</list0fReactants>
<list0fProducts>
<speciesReference specics="B"/>
</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times/>
<ci>» cell </ci>
<ci> k1l </ci>
<ci> A </ci>
</apply>
</math>
</kineticlaw>
</reaction>
</list0fReactions>
</model>
</sbml>



SML A very simple SBML file (A —> B)

<?xml version="1.0" encoding="UTF-8"7=>
<sbml xmlns="http://www.sbml.org/sbml/level2/versiond4" 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"/>
</list0fSpecies>
<list0fParameters>
<parameter id="kl" value="0.1"/f>
</list0fParameters>
<list0fReactions>
<reaction id="rl" reversible="false">
<list0fReactants>
<speciesReference species="A"/>
</list0fReactants>
<list0fProducts>
<speciesReference specics="B"/>
</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times/>
<ci>» cell </ci>
MathML <ci> k1l </ci>
<ci> A </ci>
</apply>
</math>
</kineticlLaw>
</reaction>
</list0fReactions>
</model>
</sbml>
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A more realistic example ...

<species-
id="A"-
name="a-tubulin"
compartment="cell"
initialAmount="1000"
substancelnits="item"
hasOnlySubstancelUnits="true"
boundaryCondition="t rue"
constant="false"

charge="0"

metaid="PX"

sboTerm="5SB0 :0000245" >
<notes>

<body xmlns="http://www.w3.0rg/1999/xhtml">
<p>0ne of the components of a microtubule</p>
</body>
</notes>
<annotation>
<rdf:RDF -
xmlns:bgbiol="http://biomodels.net/bioclogy-qualifiers/"-
xmlns:bgmodel="http://biomodels.net/model -qualifiers/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf -syntax-ns#">
<rdf:Description rdf:zbout="#PX">
<bgbiol: is>
<rdf:Bag>
<rdf:1li rdf:resource="urn:miriam:uniprot:PE8370"/>
<rdf:1li rdf:resource="urn:miriam:obo.go:G0%3A0045298" />
</rdf:Bag>
</bgbiol:is>
</rdf:Description>
</rdf:RDF=>
</annotation>
</species>



A more realistic example ...

<species-
id="A"-
name="a-tubulin"
compartment="cell"
initialAmount="1000"
substancelnits="item"
hasOnlySubstancelUnits="true"
boundaryCondition="t rue"
constant="false"
charge="0"
metaid="PX"

<notes>

</notes>
<annotation>

</annotation>
</species>



SBML definition and API

« SBML syntax and semantics are very precisely defined
SBML specification document: Level 3 Version 1 = 167 pages, small margins

XML schema (L1 and L2) and Schematron (forthcoming for L3)

Hundreds of validation rules to check compliance
e A standard Application Programming Interface with two implementations

LibSBML in C and C++, with binding to C#, Java, Python, Perl, MatLab,
Octave, Ruby

JSBML, native Java version

o Test suite of 5514 models either testing a feature or a documented error



SBML-partners (2)
Grant holders
Workforce hosts

Q» chairs, sBML editorial
fund SBML-team (~2-7) board (5)

host Funded on the SBML members elected for 3
grant. Develops years. No consecutive
resources -- head terms

elects

SBML forum (~20-30)

People attending consecutive meetings, participating
to the discussions, proposing extensions and voting on
resolutions.

motivates

SBML community

People who attended a meeting, participated to a
discussion, requested a feature, implemented support
for SBML, or simply use SBML

Current structure of the community

writes
specification

consults



Parent pages: SBML.org

SBML Software Guide

The following summarize all SEML-compatible systems known to us, The matrx provides an at-a-glance summary,
whereas the summary provides longer descriptions of each software or project grouped by themes,

Mumber of software packages listed in the matrix today: 225

Flease use the survey form to notify us about additions and suggestions,

Go to the SEML Software Go to the SEML Software
Matrix Summary

Historical trend

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

300

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20M

(Mote: the flat period in 2007 is an artifact of inadequate record keeping rather than a lull in SEML software

T N Pl Y e e PLERC S e )




Simulators

Discrete stochastic (25)
Continuous deterministic (42)
Spatial (4)

Modelling and simulation environments
(29)

Based on Mathematica (3)
Based on Matlab (12)
Based on Python/SciPy (9)
Based on R (3)

Flux/metabolic analysis (16)

Integrated framework (3)

SBML supporting tools

Libraries (3)

Model Management, Data
Integration,
and Analysis (12)

Model development tools (18)
Model visualisation (7)

Model Repositories, Test Suites,
and Databases (16)

Converters (7)

Analysis and utility (12)



SBML Level 3 packages

 Core package — public specification

 Graph Layout — specification finalised

« Complex species — specification finalised
 Groups - specification finalised

 Model composition — specification finalised

e Qualitative models — specification finalised

* Flux balance constraint — specification finalised

e Distributions and ranges - specification under
discussion

e Spatial diffusion — specification under discussion

e Enhanced metadata — specification under discussion
e Graph rendering — specification proposed

e Arrays and sets — specification proposed

e Dynamic structures - needed
?7?7?



The qual package

Model
*
0.1 a1
ListOfTransitions ListOfQualitativeSpecies
i ¥
1.0 =
Transition Gualitative Species

id: Sid

troundaryCandition: Boolean
conslant: Baalean
comparimant: SldRef

id: Sid
name: Siring
temporisalionType: Enum

¥ fma: Ziing {usas"optcnal’) " - ListofSymbolicValues
inilialLevel: Intager [use="oplional™)
maxlevel Infeger juse="optianal? +*
0.*
Symbalicyalues
i: Sld
rank: Inleger {use="optional’}
0.1 ' g1 name: String [use="oplional”}
ListOfinputs ListOfOutputs ListOfTerms
F r 3 F 3
0. 1.* 0.* 1
Impst Output Term DefauliTerm
id: Sld i Sid resuliLevel: Integer resulilevel: Inleger
qualitativeSpecias: S1dRef qualiiativeSpacies: SWRef resuliSymbol: SldRef result3ymbol SidRel
transitionEfect: Enum ransiionENscl Enam temporisationValus: Double
Fign: F"_;'-“" ) ontional name: String {use="oplional”)
name: 3lring {use ‘"'"I:" B :'_ . level: Inleger {use="aptional’} *
threshaldLevel: Integer {use="oplianal™)
threshaldSymbal: SldRef juse="oplianal”)
1 [ 0.
Math TempaorisationMath
amins: string | “hitp:fwww.wi. org'
1988/MathiMathML" }
Math

amins: string { “hitp:Mwaw.wd, orgl
1998Math/MathML" }




The qual package

Model

id: Sld
name: String
temporisationType: Enum

=]
qualifative Specias: SldRef
transitionEfect: Enum

sign: Enum

name: Sring (use="oplional™)
threshaldLevel: Integer {use="oplianal™)
threshaldSymbal: SldRef juse="oplianal”)

id: §id
gqualilativeSpecies: SldRel
rransitionEfect: Enum

name: String {use="oplional”)
evel: Inleger [use="aptional’}

Model
4
0..1 0..1
ListOfTransitions ListOfQualitativeSpecies
* $
1.7 1 *
Transition QualitativeSpecies

id: Sld

boundaryCondition: Boolean
constant: Boolean
compartment: SIdRef

name: String {use="optional”}
initialLevel: Integer {use="optional”}
maxLevel: Integer {use="optional”}

resulevel: Inbeger
resuliSymbol: SkdRef
temporisationValus: Double

resullZymbol: SldRef

gErm

*

||:~.1

Math

TempaorisationMath

amins: string | “hitp:fwww.wi. org'
1988 /Math/Math ML }

T

Math

amins: string { “hitp:Mwaw.wd, orgl
1998Math/MathML" }




SBML The qual package

Model
*
0.1 a1
ListOfTransitions ListOfQualitativeSpecies
] ¥
1.0 ..
Transition Gualitative Species
. id: Sld
0.1 1 0.1
ListOflnputs ListOfOutputs ListOfTerms
¥ + *
D“i 1"* 0“1
Input Output Term
id: Sid id: Sid resultLevel: Integer
?rualitl.:.lltivel‘zsﬁpegi%s: SidRef qualitativeSpecies: SIdRef resultSymI:;-el: SIde&f
Iangéun ect: Enum transitionEffect: Enum tempaorisation\Value: Double
f]gr?]é : gl;rT\g (use="optional’} name: String {use="optional"} r
thresholdLevel: Integer {use="optional"} level: Intager {use="optional’}
thresholdSymbol: SidRef {use="optional”}
1
Math

¥mins: string { "hitp:/fwww.w3. org/
1998/Math/MathML" }




SGSML SBML is not limited to biochemistry!

e A species is a pool of entities participating to a reaction, not always a
chemical entity

It can be a pool of molecules
It can be a pool of cells
It can be a pool of organs

It can be a population of organi

« Rate Rules can describe the temporal evolution of any
quantitative parameter, e.g. transmembrane voltage,
tumour size etc.

 Events can describe any discontinuous change, e.q.
neurotransmitter release, repolarisation, cell division etc.

-> SBML is about process descriptions



BML

Biochemical models

7.00E-6

Fernandez et al. DARPP-32 is a
o000 robust integrator of dopamine
A o and glutamate signals

PLoS Comput Biol (2006) 2: e176.

3.00E-6

2.00E-6

1.00E-6

0.00E+0

PP2BiCa,

M1 T
-1.00E-6

PP2B —————— D34:75:137
350 400 450 500 550 600 650 700 750 @O—» Ca*—»0 D137 /
D75-137
reaction:
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Vonl = kon1 X |D] X [CDK5| x Vol
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g (-V) [mV]

YV _ne

100

50

-90 mV initial depolarisation
-15 mV initial depolarsisation
-7 mV initial depolarisitation

-6 mV membrane depolatisation

assignment rule:
iNe = gna X m° X h x (V — Eng)

""""""""" TR <
J L N 1 |
time [ms]
rate rule:
dv I—(iNg +1iK +iL)
dt Co,

=

Conductance-based model

Hodgkin AL, Huxley AF.

A quantitative description of
membrane current and its
application to conduction

and excitation in nerve.

J Physiol (1952) 117:500-544.

————me———

_*_l'

m =

A
|

——
m

s

Inside l



@ Pharmacometrics models

8 T T T T T 16000

1 14000

1 12000

41 10000

-1 8000

1 6000

Tumour Size (cm)
N

1 4000

1 2000

o 10 20 30 40 50 60
Week

Dose

Tumour Size

rate rule:
dSize

dt

Dose and Ce (mg)

= (Rate;, x Effect — Koper X Size) 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.

assignment rule:

E oz X Ce

Effect =1 —
fec Amtsg + Ce




Single-compartment neurons

=4  CH:c=-50mvd=2

RS:c=-65mvVd=8

|zhikevich EM. Simple
model of spiking neurons.
IEEE Trans Neural Netw
(2003) 14(6):1569-1572.

LTS:c=-65mVd=0.1

P

MU/ I

................
14

whenov > V;Eh'resh

dv

dt

rate rule: event: v — ¢
U=U-+d

—0.04° +5xV +140 — U + 1




ML Spread of infection diseases ...

Evolution of the zombie infection Munz P et al. When zombies attack!:
Mathematical modelling of an
outbreak of zombie infection. in
"Infectious Disease Modelling
Research Progress”, (2009 )133-150

1,000 —
800

600

400

200 —

——
_ _ &S
T T T T I T T T T I T T T T I T T T T I T T T T I \

0 100 200 300 400 500 ~
d
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Adding the semantics to the syntax

Model
descriptions

Minimal
requirements

Data-models

Terminologies

Born in Heidelberg 2004



Minimum Information Required in the
Annotation of Models (simplified)

Models must :

be encoded in a public machine-readable format
be clearly linked to a single reference description

reflect the structure of the biological processes described in
the reference paper (list of reactions etc.)

be instantiable in a simulation (possess initial conditions etc.)
be able to reproduce the results given in the reference paper
contain creator’s contact details

annotation to unambiguously identify each model constituent



e Why are annotations important?

Annotation of model components are essential to:

e allow efficient search strategies

 unambiguously identify model components
Improve understanding the structure of the model
allow easier comparison of different models
ease the integration of models

« add a semantic layer to the model
improve understanding of the biology behind the model
allow conversion and reuse of the model
ease the integration of model and biological knowledge



Enters Identifiers.org (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

. \ N

protocol type of URI collection record

http://identifiers.org/uniprot/P62158

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

http://identifiers.org/obo.go/G0O:0000186

R I 0
1dentifiers

g



4 EEBl * Groups * Computatioral Meurcbiclogy * Research * MIRIAM Registry ~
AM MIRIAM Registry |
= Browse . . . . _— . ,
MIRIAM Registry are a set of online services created in support of MIRIAM, a set of guidelines for the annctation and curation
= Search of computational models.
" Tags )
Q , The core of MIRIAM Registry is a catalogue of data collections (corresponding to controlled vocabularies or databases), their
" Lty senvices URIs and the corresponding physical URLs or resources. Access to this data is made available via exports (XML) and Web

= Submit new Services (SOAP).

" Export MIRIAM Registry is developed and maintained under the BioModels. net @ initiative, and are free for use by all.

= Curator Sign in

Quick links

= Web Services

= Documents
MIRIAM
Guidelines & Browse Web Services
FAQ
Diocumentation by data collection name services available
Who's using by tags usage of the services o
MIRIANM? online demonstration

Identification
systems Search Exports
News B

BioModels.net generic search ANL
Clualifiers

= MIRIAM on

SourceForge Registry

MIRIAM Registry is composed of four components: a database, some Web Services, a Java library and this web application.
Database

= Support
= Contact

The core of the system is a MySCL database. It allows us to store the data collections (which can be controlled vocabularies or databases), their URIs
b .-.. and the corresponding physical URLs, and other details such as documentation and resource identifier pattems.

Compltationol . . . . o . . .
Newtobiology Each entry contains a diverse set of details about the data collection: official name and synonyms, roct URI, pattern of identifiers, documentation, etc.

Moreover, each data collection can be associated with several resources (or physical locations).

sourceforge

Web Services

(%) zotero



) [k [»
[

= Browse

® Search Data type: Enzyme Nomenclature
= Tags

General ] Tags ] Annotation

= Cluery services

= Submit new General infarmation about the data type |

= Sign In identifier MIR 00000004
................................................ m Enzyrrne Nc:rr'ﬂr::lature
i Web Services EC code o
Synonyms Enzyme Classification
= Documents EC
wiraw stancard |
F,ﬁ.,[) Official URN urn:miriam:ec-code
- Documentation hitp:/ : ec-code org/
Deprecated urr:lsid:ec-code ong
T 'MNews http:/ e bi.ac . uk/IntEnz/

" BioModels.net Information

Cualifiers Definitio The Enzyme Classification contains the recomme ndations of the Nomenclature Committee of the |mtermational Union of
________________________________________________ niton Biochemistry and Molecular Biology on the nomenclature and classification of enzyme-cataly sed reactions.
identifier Pattern s I L TR TR 1+ FR PR TR e FR TR PR . 5
= MIRIAM an Physical Locations
SourceForge : ;
Data Entry http:/Awww.e bi.ac . uk/inte nz/query Tomd=SearchE CRec =§id [Example: 1.1.1.1 &1 n
"""""""""""""""""""""""""" Data Resource http:/www.e bi.ac .ukiinte nz/ =
Resournce #1 -
= Support Information IMEnZ {Imegrated relational Enzyme database)
® Contact Institution European Bioinformatics Institute, Uinited Kingdom
Data Entry hitp:/fwwew.ge nome . jpidbget- binfwww_boget?ec:$id [Example: 1.1.1.1 &
42 Data Resournce http:/fwww.genome . jpidboet-binfwww _bfind?enzyme
‘ e Information KEGG Ligand Database for Enzyme Mome nclature
Rt Institution Kyoto University Bioinformatics Certer, Japan
Data Entry http://us expasy.orgicgi-binnicezyme. pl 73 [Example: 1.1.1.1 @
Data Resounce hitp://us.expasy.orgienzy me!
Resounce #3 . .
Information Enzyme nomenclature database, ExPASy (Expert Protein Aralysis System)
Institution Swiss Institute of Bicinformatics, Switzerland

hitp:/wewew.c he magmul.ac . uk/iubmble nzy me/

URL(s) hitp://srs.ebi.ac. uk/srsbin'cgi-binwoetz *-view+Medline Full+[medline- PMID: 108124 75]
Miscellaneous

Date of creation 2006-08-14 19:38:06 GMT

Date of last mod ification 20050508 14:52:31 GMT

{2 Go back to the list of data types @ Edit this data type



?) Identifiers.org [htEp:/fidenkifiers.orgfec-code/1.1.1.1] - Mozilla FireFox

File Edit Wiew History Bookmarks Tools Help
i1 |dentifiers.org [http:/fidentifiers.... | 5= b
@D W» | £2 http:/fidentifiers.org/ec-code/1.1.1.1 v|(3'. |'::'.'v Google 8t
*JGoogle \Wwikipedia = PubMed i Biomodels i compneur *§calendar i MyPage ©SBO i Miriam | TinyURL! | PestCiteUL »
http://identifiers.org/ec-code/1.1.1.1 bet
3 physical locations (or resources are available for accessing 1.1.1.1 (from Enzyme Nomenclature): eta
IntEnZ (Integrated relational Enzyme En e nomenclature database, ExPA Expert
database) Protein Analysis System)
o ) ) Swiss Institute of Bicinformatics
European Bioinformatics Institute
Switzerland
United Kingdom
) ) I"TT“J--im.n: 99%
Access to '1.1.1.1"' via this resource (MIR:00100001)
(Uptime: 100%)
KEGG Ligand Database for Enzyme Nomenclature
Eyoto University Bicinformatics Center
[apan

(Uptime: 100%])
P R Information alse available in: RDF
http:/fwww.ebiac.ukjintenz/query?cmd=SearchEC&ec=1.1.1.1
Q Zotero




Qualification of annotation

qualifier _
model element  —————— - annotation

represents represents
biological biological
entity A — entity B

relationship



Qualification of annotation

_ bqgbiol:hasPart _
species MPF —) UNIProt PO4551

represents represents

M-phase CDC2
promoting factor >

has a part



SBML and MIRIAM cross-references

<species 1d="ca calmodulin" metaid="cacam"=
<annotation>
<rdf:RDF
xmlns: rdf="http: //www.w3.0rg/1999/02/22- rdf-syntax-ns#"

<rar:uvescripiion rdt:about="FCacam =

< Ba

</rdf:Baqg>

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



Systems Biology Ontology

= Download = SBO:0000000 - systems hiology representation
» Recent changes o & SBO:0000064 - mathematical expression

€ SB0:0000355 - conservation law
'ﬂ' SEC:0000474 - convenience function

Essential activator

B Term request &

n Edittres
............................................... = € SB0:0000001 - rate law
. i €9 SBO:0000391 - steady state expression . . .
; “‘F"E Semices o <listOfModifiers>
n SBO:0000544 - metadata representation . . .
N , <modifierSpeciesReference
# MEWS m & SB0:0000004 - modelling framework b - 0000461 "
: gruject on €9 SB0.0000231 - oceurring entity representation sboTerm SBO:
ourceForge & : =ny" />
. Caniac © 5B0:0000003 - participant role Specles=
............................................... ﬂ SBDDDDDEEE_ phvalcalentlw renreaentatlnn </llStOfMOdlflers>
BIOMAODELS.NET = € SB0:0000545 - systemns description parameter

€9 SBO:0000546 - qualitative systems description parameter

-
ormputationg!

= @ SBO:0000002 - quantitative systems description parameter

Naufobiolagy

€ 5B0:0000492 - amplitude http://www.ebi.ac.uk/sbo/
el €9 SBO:0000542 - basic reproductive ratio
QBO € SB0.0000380 - biochemical coefficient
=R @ SB0.0000258 - capacitance

€9 SBO:0000257 - conductance
€9 SB0:0000254 - electrical resistance
€9 SB0:0000308 - equilibrium or steady-state characteristic




i i
1 1
' |
B ! ! Q
i i i i
! ! ! !
I I I 1
substances i are | reaction R i that i substances
Aand B consummed by! ! produces ! Pand Q
i i i 5
550:00002405 SB0:0000394 5330:00003755 SB0:0000393 g SB0:0000240
material entity ; consumption | process ;| production ; material entity
I I I 1
. ! Species : Kinetic : Species : .
Species | : . Species
P i Reference | Law | Reference | P
I I I 1
I I I 1



Direct model re-use: e.g. EGFR signalling and glycolysis

Schoeberl et al 2002 Teusink et al 2000
(BIOMDO0000000019) (BIOMDO0000000064)

Hornberg et al 2005 Singh et al 2006 Ung et al 2008 Pritchard et al 2002
(MODELO0848279215) (BIOMDO0000000151) (BIOMDO0000000205) (BIOMD0000000172)

Conant et al 2007
Huang et al 2010 (BIOMD0000000176
BIOMD0000000177)



Standard formats generate new research

 Herrgard et al (2008) A consensus yeast metabolic network reconstruction obtained
from a community approach to systems biology. Nature Biotechnol, 26: 1155-1160

2152 species, 1857 reactions

stoichiometric map, no concentrations, no kinetics

 Smallbone et al (2010) Towards a genome-scale kinetic model of cellular
metabolism. BMC Syst Biol, 4.6

1748 species, 1059 reactions

oncentrations and flux from BioModels Database

Constraint-based model and simplified linlog kinetics

e Dobson et al (2010) Further developments towards a genome-scale metabolic
_model of yeast. BMC Syst Biol, 4:145

2657 species, 1865 reactions

« Lietal (2010) Systematic integration of experimental data and models in systems
__biology. BMC Bioinfo, 11: 582

Workflows using experimental kinetic information database (SABIO-RK) plus
metabolomics and proteomics database

Full quantitative chemical kinetics descriptions



Clustering models (and data)
based on metadata
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Ranking and retrieval of models

Model
Huang1996_MAPK_ultrasens
Levchenko2000 MAPK_noScaffold

Levchenko2000_MAPK_Scaffold
Kholodenko2000_MAPK _feedback
Markevich2004_MAPK_orderedElementary
Markevich2004_MAPK_phosphoRandomElementary
Markevich2004 MAPK_AlIRandomElementary
Markevich2004 MAPK_orderedMM
Markevich2004 MAPK_orderedMM2kinases
Markevich2004_MAPK_phosphoRandomMM
Hornberg2005 ERKcascade

McClean2007 _CrossTalk
Kofahl2004_pheromone
Kim2007_Wnt_ERK_Crosstalk

Brown2004 NGF_EGF _signaling
Goldbeter1995 CircClock

Sasagawa2005 MAPK
Ung2008_EGFR_Endocytosis

Leloup1999 CircClock

Goldbeter1991 MinMitOscil_Explinact
Goldbeter1991 MinMitOscil

Leloup1998 CircClock LD
Tyson1991_CellCycle_6var
Veening2008_DegU_Regulation
Neves2008_Cell_Shape
Fisher2006_Ca_Oscillation_dpdnt_NFAT_dynamics
Leloup2003_CircClock_DD

BioModel
BIOMDO0O00O0000009
BIOMDO0000000011

BIOMDO000000014
BIOMDO000000010
BIOMDO000000026
BIOMDO000000028
BIOMDO000000030
BIOMDO000000027
BIOMDO000000031
BIOMDO000000029
BIOMDO000000084
BIOMDO000000116
BIOMDO0000000032
BIOMDO000000148
BIOMDO000000033
BIOMDO000000016
BIOMDO00000004%
BIOMDO000000205
BIOMDO0000000021
BIOMDO000000004
BIOMDO000000003
BIOMDO000000171
BIOMDO000000005
BIOMDO000000240
BIOMDO000000182
BIOMDO0000000122
BIOMDO000000073

Score p-val num
1.000 < 1/1000
0.925 < 1/1000

0.865 < 1/1000
0.816 < 1/1000
0.737 < 1/1000
0.690 < 1/1000
0.690 < 1/1000
0.673 < 1/1000
0.673 < 1/1000
0.617 < 1/1000
0.468 < 1/1000
0.397 < 1/1000
0.343 < 1/1000
0.323 < 1/1000
0.260 < 1/1000
0.244 < 1/1000
0.240 < 1/1000
0.234 < 1/1000
0.229 < 1/1000
0.222 < 1/1000
0.214 < 1/1000
0.201 < 1/1000
0.199 < 1/1000
0.180 < 1/1000
0.168 4.0e-03

0.164 5.0e-03

0.163 5.0e-03



Ranking and retrieval of models

| Bi
Huang1996_MAPK_ultrasens BIOMDOO0O000000S 1.000 < 1/1000
Levchenko2000_MAPK_noScaffold BIOMDO0000000011 0.925 <y1o00 [
Levchenko2000_MAPK_Scaffold BIOMDO0000000014 0.865 < 11000 [N
Kholodenko2000_ MAPK _feedback BIOMDO0000000010 0.816 < 11000 (S
Markevich2004_MAPK_orderedElementary BIOMDO000000026 0.737 <vi1o00 [N
Markevich2004 MAPK_phosphoRandomElementary BIOMDO0000000028 0.690 < 11000 [N
Markevich2004_MAPK_AlIRandomElementary BIOMD0000000030 0.690 < 11000 [N
Markevich2004_MAPK_orderedMM BIOMDO0000000027 0.673 < 11000 [N
Markevich2004_MAPK_orderedMM2kinases BIOMDO0000000031 0.673 < 11000 (N
Markevich2004_MAPK_phosphoRandomMM BIOMD0000000029 0.617 < 11000 [N
Hornberg2005_ERKcascade BIOMDO0000000084 0.468 < 11000 [N
McClean2007_CrossTalk BIOMDO0000000116 0.397 < 171000 (N
Kofahl2004_pheromone BIOMDO0000000032 0.348 < 11000 [N
Kim2007_ Wnt_ERK_Crosstalk BIOMD0000000149 0.323 < 1/1000 NN
Brown2004 NGF_EGF_signaling BIOMDO0000000033 0.260 < 171000 (NN
Goldbeter1995_CircClock BIOMDO0000000016 0.244 < 171000 [N
Sasagawa2005 MAPK BIOMDO0000000049 0.240 < 171000 [N
Ung2008 EGFR_Endocytosis BIOMDO0000000205 0.234 < 11000 [
Leloup1999_CircClock BIOMDO0000000021 0.229 < 171000 (NN
Goldbeter1991 MinMitOscil_Explinact BIOMDO0000000004 0.222 < 171000 (I
Goldbeter1991_MinMitOscil BIOMDO0000000003 0.214 < 171000 [N
Leloup1998 CircClock LD BIOMDO0000000171 0.201 < 171000 (NN
Tyson1991 CellCycle_6var BIOMD0000000005 0.199 < /1000 [N
Veening2008_DegU_Regulation BIOMDO0000000240 0.180 < 171000 [N
Neves2008_Cell_Shape BIOMDO0000000182 0.168 4.0e-03
Fisher2006_Ca_Oscillation_dpdnt_ NFAT_dynamics BIOMDO0000000122 0.164 5.0e-03
Leloup2003_CircClock DD BIOMDO0000000073 0.163 5.0e-03

MAPK



Ranking and retrieval of models

Huang1996_MAPK_ultrasens
Levchenko2000 MAPK_noScaffold

Levchenko2000_MAPK_Scaffold
Kholodenko2000_MAPK _feedback
Markevich2004_MAPK_orderedElementary
Markevich2004_MAPK_phosphoRandomElementary
Markevich2004 MAPK_AlIRandomElementary
Markevich2004 MAPK_orderedMM
Markevich2004 MAPK_orderedMM2kinases
Markevich2004_MAPK_phosphoRandomMM
Hornberg2005 ERKcascade

McClean2007 _CrossTalk
Kofahl2004_pheromone
Kim2007_Wnt_ERK_Crosstalk

Goldbeter1995_CircClock

BIOMDO000000116 0.397 <1000 S
BIOMD0000000032 0.348 <1000 D
BIOMDO000000148 0.323 < 1/1000 [N

Brown2004 NGF_EGF signaling BIOMDO0D00000033 0.260 < /1000 N

BIOMDO0O00000016 0.244 < 171000

B%
BIOMDO0OD0O000009 1.000 < 1/1000 |
BIOMDO000000011 0.925 <1000 N

BIOMDO000000014 0.865 < 1000 [N
BIOMDO0000000010 0.816 < 1/1000 [N
BIOMDO0000000026 0.737 <v1000 (NS
BIOMDO000000028 0.690 < 1000 [N
BIOMD0000000030 0.690 < 1000 (NS
BIOMDO0000000027 0.673 < 11000 [N
BIOMDO0000000031 0.673 < vio00 [N
BIOMDO000000029 0.617 < 1000 (N
BIOMDO0000000084 0.468 < 1000 [N

Sasagawa2005_MAPK
‘ UngzoosiEGFRiEndocytosis

BIOMDO0O0000004¢ 0.240 < 1/1000
BIOMDOD00000205 0.234 < 171000

Leloup1999 CircClock
Goldbeter1991_MinMitOscil_Explinact
Goldbeter1991_MinMitOscil
Leloup1998 CircClock LD
Tyson1991_CellCycle_6var

BIOMDO0O00000021 0.229 < 1/1000
BIOMDO000000004 0.222 < 1/1000
BIOMDO0O0C0000003 0.214 < 1/1000
BIOMDO0D0000017L 0.201 < 1/1000
BIOMDOOD00O00005 0.199 < 1/1000

Veening2008_DegU_Regulation
Neves2008_Cell_Shape
Fisher2006_Ca_Oscillation_dpdnt_NFAT_dynamics
Leloup2003_CircClock_DD

BIOMDO000000240 0.180 < 1/1000 -
BIOMDO000000182 0.168 4.0e-03
BIOMDO000000122 0.164 5.0e-03
BIOMDO0D00000073 0.163 5.0e-03

MAPK

Other kinase cascades



The interface with all biologists

Model
descriptions

Minimal
requirements

Data-models

Terminologies

Born in Tokyo 200



BGN

What is SBGN?

An unambiguous way of graphically describing and interpreting
biochemical and cellular events

Limited amount of symbols
Re-use existing symbols
i Smooth learning curve

Can represent logical or mechanistic models, biochemical
pathways, at different levels of granularity

Detailed technical specification, precise data-models and growing
software support

Developed over four years by a diverse community, including
biologists, modellers, computer scientists etc.



BGN Graph trinity: three languages in one notation

m

Process Descriptions

e Unambiguous
e Mechanistic
e Sequential

e (Combinatorial
explosion

.‘

P@204

Entity Relationships

e Unambiguous

e Mechanistic
e Non-sequential

 Independence
of relationships

Activity Flows

MEK

ERK

e Ambiguous
e Conceptual

e Sequential




BGN  Process Descriptions are bipartite graphs

“continuant”,
what is

entity
pool
L node y

connecting
< arcs

|

“‘occurant’,
what happens




Metabolic network in Process Description Language




BGN

substances
Aand B

SB0O:0000240
material entity

Species

are

SB0O:0000394
consumption

Species
Reference

i reaction R

ISBO:0000375

process

Kinetic
Law

that
produces

SB0:0000393

production

Species
Reference

substances
Pand Q

SB0O:0000240
material entity

Species



JGN Multi-state and combinatorial explosion

EGFR

|

target1

|

target2

|

target3

|

target4

|

targetd

|

target6

|

target7

|

target8

|

target9

|

target10

|

target11

|

target12

|

Process Descriptions:
“once a state variable value,
always a state variable value”

22 = 4096 states

(i.e. EPN glyphs) for EGFR
and 4096 complexes between
EGFR and targets



BGN  Entity Relationships can be viewed as rules

A

If A exists, the assignment of the value P to the
state variable T of B is increased



BGN  Entity Relationships can be viewed as rules

A

If A exists, the assignment of the value P to the
state variable T of B is increased

(A stimulates the phosphorylation of B on the threonine)



BGN  Entity Relationships can be viewed as rules

Cr—=F

V

B C

If A exists, the assignment of the value P to the
state variable T of B is increased

If P is assigned to the state variable T of B, the
assignment of the value P to the state variable S of

B is decreased



BGNER map of calcium-regulated synaptic plasticity

increases synaptic weight

decreases synaptic weight



BGN: Example of Activity Flow map

EGF

extracellular !
EFGR

Shc

i

Gribd &

/AN

Spry GAB1 S05 }—\'

/ v
\——Dv p8s PI3K Ras

‘L :

PIZ3K 1a Raf-

r/,.—- ErbB3

MAPEE

N N U

GRFL JHE POK1 MAPK PLC gamma

ARF / Akt pT0SEK pIORSK M5K1 MSK2 E‘;a.[. + UA(_;Cl

o I \ / T~ I




Linking SBGN maps to external information

synaptic cleft

catalytic processes

transport processes

contractile proteins




m Linking SBGN maps to external information
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PERSPECTIVE

6. The model, when instantiated within a suitable simulation
environment, must be able to reproduce all relevant results given

M | n | mur in the referenc»i: des{:rip’[ic}n that can readily be simu!ateF:I. Not ion Of
i only does the simulation have to provide results qualitatively
blOChem similar to the reference description, such as oscillation,
bistability, chaos, but the quantitative values of variables,
Nicolas Le Novere  and their relationships (e.g., the shape of the phase portrait)
must be reproduced within some epsilon, the difference being
attributable to the algorithms used to run the simulation, and the

-1

Julio Collado-Vide
Herbert Sauro!?, B

Most of the published quantitative models in biology are During the genomic era we have witnessed a vast increase in availabil-
lost for the community because they are either not made itv of large amounts of quantitative data. This is motivating a shift in
available or they are insufficiently characterized to allow the focus of molecular and cellular research from qualitative descrip-
them to be reused. The lack of a standard description format, tions of biochemical interactions towards the quantification of such
lack of stringent reviewing and authors’ carelessness are interactions and their dvnamics. One of the tenets of systems biology
the main causes for incomplete model descriptions. With is the use of quantitative models (see Box 1 for definitions) as a mech-
today’s increased interest in detailed biochemical models, anism for capturing precise hypotheses and making predictions®?.
it is necessary to define a minimum quality standard for Many specialized models exist that attempt to explain aspects of the
the encoding of those models. We propose a set of rules for cellular machinery. However, as has happened with other types of bio-
curating quantitative models of biological systems. These logical information, such as sequences, macromolecular structures or

rules define procedures for encoding and annotating models
represented in machine-readable form. We believe their

Jublishing Group http:/fwww.nature.com/naturebiotechnology




Reproduction of published simulation results

Edelstein et al 1996 (BIOMD0000000002) Ueda, Hagiwara, Kitano 2001 (BIOMD0000000022)

! op ot: Concen on olum nd Global Quantit m [ m [P
|| Print Save data.. Zoom out || Print Save data...
Concentrations, Volumes, and Global Quantity Values plot
[l 5 16.94. 7.842e-06 F ]
7e-06
6e-06 |
5e-06
4e-06
3e-06
2e-06
le-06
[ s e e e
0.0001 0007 007 01 1 10 100
— [BasalAch2] — [intermediateACh] | [ActiveACh] [Active]
— [BasalAchl] — [Basal] — [DesensitisedACh2]| - [Desensitised] o SR S T e
[IntermediateACh2] |- [DesensitisedACh]|— [Intermediate] — [ActiveACh2] ]
|- [ik_mRrajPer_mRNA]

Huang & Ferrell (BIOMDO0000000009) Bornheimer et al 2004 (BIOMD0000000086)

15 (==
.8 4
A 1
5 0.1
o0 |
o.001 |
4 1a-04 |
1e-05 |
2
| 1
g
g “ [G#P] i G
0 1 ||
‘ ; s ; = : e ; e
1e-06 1e-05 0.00071 0.007 0.01
|— [K-Ppll[ﬂ]_@l— [KK-PPH[EH_OI— [KKK-P]|[E1]_O view: 70,0000, 42,0000 scalst 1,00000, 1,00000




Description of simulations and analyses
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Description of model simulation and analysis

Minimum Information About a Simulation Experiment (MIASE) common set of
information a modeller needs to provide in order to enable the execution and
reproduction of a numerical simulation experiment, derived from a given set of
quantitative models

Simulation Experiment Description Markup Language (SED-ML) XML-based
format for encoding simulation experiments, following the requirements defined in
the MIASE guidelines

Kinetic Simulation Algorithm Ontology (KiSAO) covers the most important
simulation algorithms and simulation methods used to simulate biological kinetic
models and puts those algorithms and methods into relation



Characterising dynamical behaviours
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Is the matrix of standard complete?

Mo_dgl Simulationg. .
descriptions and analysis
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Parallel and redundant efforts

Physiology

L ]
L | f International Neuroinformatics
_ 1 n c Coordinating Facility
Neurobiology B
§ %NeuroML]NineML \
.

Systems Biology

Virtual Physiological Human
network of excellence

GBI
WBGN
{BioPAx]

<

Developmental
biology, plant biology

Pharmacometrics l 'Drug Disease Model Resources |



What if the world-wide web was built like this?

FunML: leisure

GraphicML: art and design

MoneyML: business

CultureML:literacy

ScienceML:natural sciences




The correct way to do it

Personal info: vCard

Presentation: CSS

Semantics: RDF

Graphics: SVG

Display: HTML




Existing standards interoperability

(1)

HML 1 SBMU"'“"




Overarching standardisation structure

the

Cl

computational modeling in biology network

The “WorldWide Web consortium” of modelling in biology
http://co.mbine.org/

e HARMONY 2012
21 to 25 May 2012, Maastricht
http://co.mbine.org/events/HARMONY 2012

59 attendees
e COMBINE 2012

14 to 19 August 2012, Toronto
http://co.mbine.org/events/ COMBINE_2012

e Standard Operating Procedures

Technical requirements
Governance

e Single voice
Discussions with Industry

Financial support



Where to find more information?

\ Coordination \

http://co.mbine.org/ |

' Communities

http://biopax.org/

http://sbgn.org/

http://sbml.org/

http://sed-ml.org/

http://biomodels.net/

 Semantics |

http://biomodels.net/biomodels/

http://biomodels.net/kisao
http://biomodels.net/sbo

http://biomodels.net/teddy

http://biomodels.net/miase

http://biomodels.net/miriam



http://biomodels.net/

Acknowledgements

Visionary: Hiroaki Kitano

SBML editors: Frank Bergmann, Andrew Finney, Stefan Hoops,
Michael Hucka, Nicolas Le Novere, Sarah Keating, Chris Myers,

Sven Sahle, Herbert Sauro, Jim Schaff, Lucian Smith, Darren Wilkinson

SBGN editors: Emek Demir, Nicolas Le Novére, Huaiyu Mi, Stuart Moodie,
Falk Schreiber, Anatoly Sorokin, Alice Villéger

SED-ML editors: Richard Adams, Franck Bergmann, Nicolas Le Novere,
Andrew Miller, David Nickerson, Dagmar Waltemath

Metadata: Mélanie Courtot, Nick Juty, Camille Laibe, Anna Zhukova

The whole community of Computational Systems Biology

§=="i ELIXIR

The EBI group Computational Systems Neurobiology

% NIGMS @ bBBfSBC

"
L

L]

'

illlli

an

vy
— 5



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80

