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Improvised

One off

Unique

Manually produced
One or few artists
Produced in one go

Fragile
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Designed

Many

Standard

Automated production
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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 meaniy
\ \

Signalling ISP seminar, 3 November 2014



Three types of standards

Minimal
requirements

WHAT

What to encode in order to

share experiments and | | l\/” 3

S|

Data-models
HOW

understand results

How to encode the information defined

above in a computer-readable manner
[

Cl

Terminologies

Structured representation
of knowledge, with
concept definitions

and their relationships

OBO
foundry

Signalling ISP seminar, 3 November 2014




c& i bi the computational modeling in biology network

COMBINE 2017 Standards Events Documents About Forums

M Coordinating standards for modeling in biology

Search

+ Home

+ Help View Edit Revisions Access control Delete
+ Sign-in

The FJDmputathnal Modeling in Blology NEtworlk {CDMBINEI} is an Tweets by @combine_coord 0
initiative to coordinate the development of the various community -

_ standards and formats for computational models. By doing so, it is
&'_3 COMBINE @cormbine coord

expected that the federated projects will develop a set of interoperable and

+ My account non-overlapping standards covering all aspects of modeling in biology. ] Best practises in building and using identifiers

™ Create content Building on the experience of mature projects, which already have stable Ident]fiers.org can help

+ ColoMoTo Page specifications, software support, user-base and community governance, journals.plos.org/plosbiology/ar...

+« HTML Page COMBINE will help foster or support fledgling efforts aimed at filling gaps or

« Mediawiki Page new needs. As those efforts mature, they may become part of the core set L )

. Pancl of COMBINE standards. Identifiers for the 21st century: ...
In many disciplines, data are highly

* Poll One of the initial activities of COMBINE is to coordinate the organization of decentralized across thousands of

+« URL aliases Admin scientific and technical events common to several standards. Those ]

journals.plos.org

events, as others related to our field of research are gathered in a calendar.

L]

Recent posts

» Administer To receive announcements from COMEBINE, subscribe to the twitter

+ Help [hitps /ftwitter.com/combine_coord COMBINE news] v, > 2h
Log out

L]
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COMBINE discuss]. To report issues about the co.mbine.org website, ] COMBINE 2017. 9-13 Oct. Milano. Redqister
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+ Junk

before Aug 1st co.mbine.org/events/COMBINE...
#SBML #SBGN #BioPAX #SBOL #SEDML

http://co.mbine.org #NeuroML #CellML
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A language to describe computational models in biology

Model

descriptions

s

&BML

Data-models :
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What can we encode in SBML (core)?

mathematical
discrete events relationships

a




{@MU Structure of SBML core

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

<model>
<list0fFunctionDefinitions> ='-- --= </list0fFunctionDefinitions>
<list0fUnitDefinitions> =/'-- --= </1list0fUnitDefinitions>
qiistﬁ?ﬁnmpartmentsh <l-- --= ﬂfiistﬁ?fnmpartmentsh

. <list0fSpecies> </-- --= </list0fSpecies>
variables <listO0fParameters> ='-- --= <flist0fParameters>
:listhInitiallssignmentsh <=/-- --= :flistﬂfInitiallssignmentsh
<listOfRules> = -- --= </list0fRules>
. . <list0fConstraints> ='-- --= </1list0fConstraints>
relationships <list0fReactions> =/-- --= <flist0fReactions>

<list0fEvents> =/ -- --= </1ist0fEvents>

</model>

</sbml>
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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">

<list0fReactants> A Very Simple

A
<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 </fci>
</apply>
</math>
</kineticLaw>
</reaction=>
</list0fReactions>
</model>
</sbml>

dt
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RESOURCE

A community-driven global reconstruction of human

metabolism

Ines Thielel2:37, Neil Swainston?#37, Ronan M T Fleming!-3, Andreas HoppeS, Swagatika Sahool,

A not so simple
SBML file (Recon2)

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,
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!"’

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

© 2013 Nature America, Inc. All rights reserved.

@

future biomedical studies and is freely available at http://humanmetabolism.org/.

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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m  Core package — public specification

®m  Flux balance constraint — public specification
®m  Qualitative models — public specification

®  Model composition — public specification

®m  Graph Layout — public specification
= Groups — public specification SBML Level 3

m Complex species — public specification is modular

®m  Graph rendering — specification finalised

m  Spatial diffusion — specification finalised

m  Distributions and ranges — specification finalised
®m  Arrays and sets — draft specification available

®  Dynamic structures — draft specification available

B Extended math — under discussion
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{\3 M U <?xmlversion="1.0" encoding="UTFg8" 7>

<sbml xmlns="http://www.sbml.org/sbml/level3/versionl/core” level="3" version="1"
xmlns:qual="http://www.sbml.org/sbml/level3/versionl/qual/versionl” qual:required="true":
<model 1d="example">

<list0fCompartments>
<compartment id="cytosol" name="cytosol" constant="true"/=>
A </list0fCompartments=>
<qual :list0flualitativeSpecies>

<qual :qualitativeSpecies qual:compartment="cytosol" qual:constant="false"
qual:i1d="A" gqual:maxLevel="2"/>
<qual :qualitativeSpecies qual:compartment="cytosol" qual:constant="false"
qual:1d="B" qual:maxLevel="1"/>
</qual :list0fQualitativeSpecies>
<qual :list0fTransitions>
<qual :transition qual:id="tr B"=>
<qual : List0fInputs=>
<qual :input qual:id="theta B A" qual:qualitativeSpecies="A" qual:sign="positive"
qual:thresholdLevel="1" qual:transitionEffect="none" />
</qual :1ist0fInputs>
<qual :listofoutput s>
A > ]_ p— B o ]_ <qual :output qual:transitionEffect="assignmentlLevel" qual:qualitativeSpecies="B"/>
</qual : list 0foutput s=
<qual : lListOfFunctionTerms=>
<qual : functionTerm qual:resultlevel="1"=>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

Logical model it
= eCcizf</Cci>
Wlth SBML Qual <ci>theta B A</ci>

</apply>
</math=>
</qual : functionTerm=
<qual :defaultTerm qual:resultlLevel="0"/>
</qual :list0fFunctionTerms>
</qual :transition>
</qual :1ist0fTransitions>
</model >
</sbml>

o
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QML-DI‘Q The Systems Biology Markup Language

¥ News Documents Downloads Forums Facilities Community Events About N T

Parent pages: SBML.org

SBML Software Guide

The following pages describe SBML-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: 290.

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

B —— R

Please tell us about additions and updates.

More on Friday
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Adding the semantics to the syntax

Born in Heidelberg 2004

8 e

Model
descriptions

Minimal
requirements '

GML

Data-models

Terminologies
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Minimal Information Required In the Annotation of Models

=

Encoded in public standard format

Single reference description

—
Reflect biological processes r~

Simulatable and reproduce results

q

Model creators details

Time of creation and last modification

1

Precise terms of distribution

Model components identified r~i
Cross reference as triplets {collection, record, qualifier} ™
Collection and record in one agreed-upon URI ™~

http://co.mbine.org/standards/miriam
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Minimal Information Required In the Annotation of Models

==

Encoded in public standard format

Single reference description

—
Reflect biological processes r~

Simulatable and reproduce results

q

Model creators details

Time of creation and last modification

1

Precise terms of distribution

g ) )
Model components identified i
Cross reference as triplets {collection, record, qualifier} ™
Collection and record in one agreed-upon URI ™~

S S

http://co.mbine.org/standards/miriam
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COVRIEIIGITTEN (el (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

o N

protocol type of URI collection record

Camille Laibe Nick Juty Sarala Wimalaratne
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COVRIEIIGITTEN (el (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://1identifiers.org/go/G0:0000186
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Resolvable
Homogeneous

Human
readable




&y |dentifiers.org

NPT

Home Documentation Services About =] equest Prefix ®.Feedback

(v

Registry

The Registry provides the necessary information to allow users o generate unigue, perennial and unambiguous identifiers for scientific data.

> SPARQL Endpoint

SPARQL endpoint to perform conversions between different URI schemes recorded in the Registry.

Q. Advanced Search

Advanced search to find valid prefixes, identifiers and providers.

© Info Service

Info service provide access to the Registry's records to identify and retrieve metadata about data entities.

% Web services

REST Web Services for programmatic access.

Y. Download

Registry's content in XML is available here.

More on Friday
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The interface with all biologists

Model

descriptions

Minimal
requirements

M

Data-models

GaML

BG

N

Terminologies
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process descriptions

directed [
erk sequential [
O

One standard mechanistic [7

Three languages

entity relationships activity flows
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BGN

Systems Biology Graphical Notation:
Entity Relationship language Level 1

Version 2.0

Date: August 8, 2015

Robin Haw
Augustin Luna
Nicolas Le Novire
Anatoly Sorokin
Alice Villéger

Ontario Institute for Cancer Research, Canada
Memorial Sloan-Kettering Institute, USA

Bubraham Institute, UK
Institute of Cell Biophysics RAS, RU
Freelance IT Consultant, UK

To discuss any aspect of SBGN, please send your messages to the mailing
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E?xml version="1.8" encoding="UTF-8"7> (
«<sbgn xmlns="http://sbgn.org/libsbgn/0.3"> ’
<map version="http://identifiers.org/combine.specifications/
sbgn.pd.level-1.version-1.3" id="mapl">
<bbox x="0" y="0" w="363" h="253"/>
<glyph class="simple chemical" id="glyphl">
<label text="Ethanol"/> <!-- fontsize="" etc --=
=<!-- Line breaks are allowed in the text attribute --=
<bbox x="40" y="128" w="60" h="68"/>
</glyph=>
<glyph class="simple chemical" id="glyph ethanal”=>
<label text="Ethanal" />
<bbox x="220" y="118" w="60" h="60"/>
</glyph>
<glyph class="macromolecule" id="glyph_adhl"=>
<label text="ADH1" />

<bbox x="186" y="20" w="108" h="60"/>
</glyph> - L

<glyph class="simple chemical" id="glyph_h">
<label text="H+" />
<bbox x="220" y="198" w="60" h="60"/>
</glyph=>
<glyph class="simple chemical" id="glyph nad"=>
<label text="NAD+" />
<bbox x="40" y="198" w="60" h="60"/>
</glyph>
<glyph class="simple chemical" id="glyph_nadh">
<label text="MADH" />
<bbox x="300" y="158" w="60" h="60"/>
</glyph> ! ADH1

<glyph class="process" orientation="horizontal" id="pnl">
<bbox x="148" y="168" w="24" h="24"/>
<port x="136" y="180" id="pnl.1"/>
<port x="184" y="180" id="pnl.2"/>

</glyph>

<arc class="consumption" source="glyphl" target="pnl.1"
id="a@l">

<start x="98" y="160" />

<end x="136" y="188" />
</arc>

<arc class="production” source="pnl.2" target="glyph nadh"
id="a@2">

<start x="184" y="180" />

<end x="300" y="188" />
</arc>

<arc class="catalysis" source="glyph adhl® target="pnl"
id="a@3">

<start x="160" y="88" />

<end x="168" y="168" />
</arc>

<arc class="production” source="pnl.2" target="glyph h"
id="a@4">

<start x="184" y="180" />

<end x="224" y="202" />

</arc>

<arc class="production” source="pnl.2" target="glyph_ethanal"

id="ad5"> 17
<start x="184" y="180" />

<end x="224" y="154" [>

e
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Matthias Konig edited this page on 30 Sep 2016 - 13 revisions

LibSBGN library

LibSBGN is the library for writing and reading SBGN-ML, a XML-based file format dedicated to the
description of SBGN maps.

Source code: hitps://github.com/sbgn/libsbgn
Latest release: hitps://github.com/sbgn/libsbgn/releases

Features

LibSBGN is a library that deals with SBGN maps. It currently supports:

® Reading / writing the SBGN-ML file format (XML-based format for description of SBGN maps)
® Validation of semantical and syntactical correctness
® Conversion to other formats such as SBML and BioPAX

® Support for Java and C++
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Variable granularity BGN:
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@GN

There Is More Than One Way To Do It

EGF EGF
UniProt:P00533 |
EGFR human
\v4
G0:0005006 |- G0:0005006
EGFR activity L% EGFR EGFR activity
\v4 \v4
RAS RAS
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TM receptor EGF TK TM receptor
tyrosine kinase act tyrosine kinase act
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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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Choice of algorithm affects behaviour
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Description of simulations and analyses

Model Simulations
descriptions and analysis

Minimal ol
requirements

SML o
BGN

G i
Dagmar Waltemath

Data-models

Terminologies C A~ Anna Zhukova
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Minimal Information About a Simulation Experiment

Provide models or mean of access v M

Equations, parameter values and necessary conditions |Z|
Standard formats, code available or full description |
Modifications required before simulation |j
Simulation steps, algorithms, order, processing |
Information for correct implementation of all steps |Z|
If not open source, all information to rewrite |
If dependent on platform, how to use this platform i |
Post-processing steps to generate final results |
How to compare results to get insights i |

http://co.mbine.org/standards/miase
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Simulation Experiment Description Markup Language

<?xml version="1.0" encoding="utf-8"7>
<sedML xmlns="http://sed-ml.org/"
xmlns:math="http://www.w3.0rg/1998/Math/MathML"
level="1" version="1">
<list0fSimulations>='-- --= </1ist0fSimulations>
<list0fModels>
<model id="" source="">
<list0fChanges=><'-- --=</list0fChanges>
</model>
</list0fModels>
<list0fTasks><'-- --=</list0fTasks>
<list0OfDataGenerators><'-- --=</list0fDataGenerators>
<list0f0utputs>
<plot2D />
<plot3D />
<report />
</list0fOutputs=>
</sedML>

[ ML} http://sed-ml.org
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Flexible model use in SED-ML

Any XML

<list0fHodel s>
<model 1d="modell" ’(/
name="Reqular Spiking"
language="http://identifiers.org/combine.specifications/sbml. level-2.version-4,. release-1"
source="http://identifiers.org/biomodels. db/BIOMDOGOOOOOLZT" /=
<model 1d="model2" \
name="chattering" Remote access
source="modell">
<list0fChanges> -<@—— Nl odifications before simulations
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id="c'] /@value" newValue="-50">
</changeAttribute>
<changeAttribute target=
"/sbml/model/l1istOfParameters/parameter[@id="d"'] /@value" newValue="42"=
</changeAttribute>
</list0fChanges>
</model >
</list0fHodel s>

C
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Etc.

Model Simulations Numerical
descriptions and analysis results

Minimal ol
requirements

SML e
i{ | . { M L} NuML
BGN

Terminologies ;&

Data-models
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Controlled

terminologies _

MAthematical
Modelling
Ontology

ﬁ model
Iil domain model

[-Fmathematical model

[+}-Bayesian model
[£F-Markov model
[+F-Petri net

[+}computational model

E differential equation model

interacting state machine

é logical model

boolean model
fuzzy logic model

[+Fmulti-value logic model

[+}-population model

process algebra

ru |

[+}statistical model

[~} steady-state model

constraint-based model

[*F-modelling entity feature

[~} readout

phase portrait

steady state value

[+}-variable

ystems
Biology
Ontology

[=}-systems biclogy representation

1
[+Fmathematical expression

|
[+}-metadata representation

@ modelling framewaork

[=Foccurring entity representation

biological activity

|
[~}process

[+}-biochemical or transport reaction

biclogical effect of a perturbation

1
[+}-compaosite biochemical process

encapsulating process

|
[+}-molecular or genetic interaction

omitted process

phenotype

[+}-state variable assignment

uncertain process

[+Frelationship
@ participant role

| functional compartment
@ modifier

I

dual-activity modifier
“Finhibitor

modifier of unknown activity

[+Fstimulator

neutral participant

@ product

promoter

[+}reactant

[~} modelling and simulation algarithm

| Bayesian inference aIgoritthInetiCS
(-} CVODE-like method Simulation
Algorithm

| CVODE
PWVODE

. Ontology B TEDDY entity.

[+}-algorithm using adaptive timesteps

|
[+}-algorithm using continuous variablas

|
[+}algorithm using deterministic rules

Itl algorithm

using discrete variables

é algorithm using fixed timesteps

[+}-algorithm using spatial description

[+}-algorithm using stochastic rules

() hybrid method

[+}-iterative method for linear system

[+}-one-step method

[+}-optimization algorithm

preconditioning technique

[+Fmodelling and simulation algorithm characteristic

[~} modelling and simulation algorithm parameter

|
[+}-clusterization parameter

|
[+}-error control parameter

[+}-granularity control parameter

Itl half-bandwith parameter
|

integration method

interpolate solution

iteration type
linear solver

[+Fmethod switching control parameter

minimum damping

number of N-way partial least squares regressic

number of partial least squares components

[+}-partitioning control parameter

preconditioner
seed

type of validation

[+}variables preprocessing parameter

TErminology
for the
Description of
DYnamics

[+}_obsolete

|
[=Fbehaviour characteristic

1
[l eurve characteristic

[+}stability characteristic

[=Fbehaviour diversification

@ bifurcation
@ global bifurcation
[+Flocal bifurcation

bursting

[~} perturbation response

bistable perturbation response

excitability

monostable perturbation response

multistable perturbation response

= functional motif

@ feed-forward loop

multi-output feed-forward loop

=} three-node feed-forward loop

@ coherent three-node feed-forward loop

[+}incoherent three-node feed-forward loop

integrator
[+Fswitch

[~} temporal behaviour

@ fixed point
@ limit behaviour
@ non-periodic orbit

[+}periodic orhit

Courtot et al. Mol Syst Biol (2011)
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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 any more, instead, they download it ready to use.”

Theoretical biologist, 2006
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From pathways to models ... path2models

= Provide pathways in a standard format

= Re-use existing pathway data to generate biochemically based models

= Provide starting points to build more quantitative models

Pathways Pathways Mathematical
In proprietary In standard Models
formats formats

Buchel et al. BMC Syst Biol (2013)
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1T 3 Logical models
of individual signalling pathways

Signalling
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KGML == g M \—l Which type? {Q M Ll
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- ~
[@ KEGGtranslator
ellelelelle J

Missing reactants and modifiers
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[@ KEGGtranslator
elollelele ) B3¢
com—— GBML 2 GBML
- Which type? «
(ESe J Which one?
API
Missing reactants and modifiers i M Ll
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: ~
[@ KEGGtranslator
ellelelelle J

J Which type? J
KEGG / Which one?
API
Missing reactants and modifiers (.
Supercurated pathway = {JM Ll

e
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Go o

. [@ KEGGtranslator ) 3C .
KGML == Q M Ll Which type? x M Ll

KEGG / Which one?
API

Missing reactants and modifiers

Supercurated pathway =

SSML

( SBMLsqueezer

SABIO—RHK
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KGML == Q M Ll Which type? {Q M Ll

’ ' ?
KEGG Which one”

API
Missing reactants and modifiers (:
Supercurated pathway = {J M Ll

Ab initio kinetics

BML <+—SBML

( SBMLsqueezer

SABIO—RHK
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Chemical kinetics model
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Erb receptor signalling




DISCOVER
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Clustering models (and data)
based on metadata

OMDOO00000028_iMarkevich2004_MAPK_phosphoRandomElementany

OMDOO00Q000026_{Markevich2004_MAPK _orderedElementany
OMDOO00000030_iMarkevich2004_MAPK_AlIRandomElementany
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S . MAP_Kinase_kinase_activity
- i : activation_of _MAPK_activity

: : inactivation_of _MAPK_activit
. ’ | Dual_ specmuty mlwgl%EA?:cT}':‘ﬁw protein_kinase_kinase_1 SChU|Z et al'
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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
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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 BIOMD0000000027 0.691  <=le-3 12 0.8e-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 <=le-3 9 p o
McClean2007_CrossTalk BIOMDO0000000116 0.453 <=1e-3 8 2.7e05 N
w B'w

- k 89 <=1e3. 3 L1501
Brown2004_ NGF EGF sugnalmg Blomoooouooooss 0.3?1 <=le-3 9 2.7e-06 N
Ung2008_EGFR_Endocytosis BIOMDO0000000205 0.363 <=le3 8 2.7¢-05 ——
=l 2007=Wnt=ERIt=Croootalls BN HE0000000 1 0D b St ] @ P Qs ) G0 T

inMitQscil RIOMDO000000003_0 340 PN LSe.0l.. M.
W BIOMDON00N00049 0339 <=le3 9 2 ?_ |
Swat2004_Mammalian_G1_S_Transition BIOMDO0000000228 0.317 <=le-3 2 4.0e-01
Tysonl1991_CellCycle_6var BIOMDO0000000005 0.304 <=le-3 4 4.2e-02 _
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
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
mnnnnnnmni'}q 100 T (s N2 b ] A N il

EW BLOMDONONOOOTAE 0 108 L0021 2 fie01
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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_Model5
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

In Silico Systems Biology, EMBL-EBI, 09-14 July 2017

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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g 7 <rdf:RDF
HT%? &} oz xmlns: rdf="http://www.w3.0rg/1999/02/22-rdf -syntax-ns#"
00 . " . - C "
( Blo2RDF xmlns:bgbiol="http://biomodels.net/biology-qualifiers/"=
[ Zomm <rdf:Description rdf:about="#cacam">
@ —_— <bgbiol :hadPart>
T <rdf:Bag>

<rdf:1i rdf:resource="http://identifiers.org/uniprot/62158" />
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