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Most of the published quantitative models in biology are
lost for the community because they are either not made
available or they are insufficiently characterized to allow
them to be reused. The lack of a standard description format,
lack of stringent reviewing and authors® carelessness are
the main causes for incomplete model descriptions. With
today’s increased interest in detailed biochemical models,
it is necessary to define a minimum quality standard for

the encoding of those models. We propose a set of rules for
curating quantitative models of biological systems. These
rules define procedures for encoding and annotating models
represented in machine-readable form. We believe their

During the genomic era we have witnessed a vast increase in availabil-
ity of large amounts of quantitative data. This is motivating a shift in
the focus of molecular and cellular research from qualitative descrip-
tions of biochemical interactions towards the quantification of such
interactions and their dynamics. One of the tenets of systems biology
is the use of quantitative models (see Box 1 for definitions) as a mech-
anism for capturing precise hypotheses and making predictions’2.
Many specialized models exist that attempt to explain aspects of the
cellular machinery. However, as has happened with other types of bio-

logical information, such as sequences, macromolecular structures or
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6. The model, when instantiated within a suitable simulation
T environment, must be able to reproduce all relevant results given -
IV_I inimur in the reference description that can readily be simulated. Not tlon Of
b | OCh €IM only does the simulation have to provide results qualitatively
similar to the reference description, such as oscillation,
Nicolas Le Novere  bistability, chaos, but the quantitative values of variables,
Julio Collado-Vid 514 their relationships (e.g., the shape of the phase portrait) n,
must be reproduced within some epsilon, the difference being
attributable to the algorithms used to run the simulation, and the

itv of large amounts of quantitative data. This is motivating a shift in
the focus of molecular and cellular research from qualitative descrip-
tions of biochemical interactions towards the quantification of such
interactions and their dvnamics. One of the tenets of systems biology
is the use of quantitative models (see Box 1 for definitions) as a mech-
anism for capturing precise hypotheses and making predictions!2.
Many specialized models exist that attempt to explain aspects of the
cellular machinery. However, as has happened with other types of bio-
logical information, such as sequences, macromolecular structures or
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EMBL-EBI © What is a model

m A model is a mathematical description of the components
of a system, their relationships, and the evolution of both.

ordinary differential equations (system evolution) dX/dt = f(X)
partial differential equation (system description) VX = g(X)
algebraic equations (conservation laws) h(X) = 0

probability distributions PX = i(X)

master equation dPX/dt = j(PX)

cell automata/finite elements

9" International Conference on Systems Biology, Goteborg, 22-28 August 2008



EMBL-EBI

What is a simulation

m A simulation is the instantiation of a model over time, using
a given algorithmic approach, and a particular software: A
model can beget simulations giving different results!

Logical (boolean or discrete) approach
Deterministic approach

Stochastic approach

Fixed timesteps

Adaptative timesteps

m Plus ... range of simulations

parameter scan
parameter search/optimisation
phase-plane analysis

bifurcation analysis
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Minimum Information
EMBL-EBI

About a Simulation Experiment (MIASE)

https://sourceforge.net/projects/miase

MIASE aims at describing the information needed to run and repeat
a numerical simulation experiment derived from a given
quantitative model. The project is divided into three parts:

m MIASE - The list of requested information to repeat a simulation
result

What base model to use & which modifications to apply

What simulation task to run on those models (algorithms, see KiSAO;
simulation parameters)

How to post-process the numerical results and to present them
m KiSAO - Kinetic Simulation Algorithm Ontology

Classification of simulation algorithms & methods

Definition, literature references

Relations between different simulation algorithms & methods
m The Simulation Experiment Description Markup Language (SED-ML)

Formal encoding of a subset of MIASE guidelines
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EMBL-EBI | i Description of models

Model +listOfChanges Change

+d : String [1] 0.* |+target : XPath [1)
+name : String [0..1]
+type : String [0..1]

+source : XLink [0..1]

+madelReference
L

ChangeAttribute ChangeXML ChangeMath
+newWalue : String [1] +rewXML ;XML [1] +math : MathML [1]

Parameter
+listOfParameters +id - String [1]

0.* [+name : String [0..1]
+valua - String [1]

Variable
+listOfvanables +id - String [1]

0..* |+name : String [0.-1]
+larget : XPath [1]
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EMBL-EBI | i Description of models

<?xml version="1.0" encoding="utf-8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
<notes>Changing a system from oscillation to chaos</notes>
<listOfModels>
<model id="modell"
name="Circadian Oscillations"
type="SBML"
source="urn:miriam:biomodels.db:BIOMD0000000021" />
<model id="model2"
name="Circadian Chaos"
type="SBML"
source="modell">
<listOfChanges>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V mT']/@value" newValue="0.28">
</changeAttribute>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V dT']/@value" newValue="4.8">
</changeAttribute>
</listOfChanges>
</model>
</1listOfModels>

9" International Conference on Systems Biology, Goteborg, 22-28 August 2008




EMBL-EBI | i Description of models

<?xml version="1.0" encoding="utf-8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
<notes>Changing a system from oscillation to chaos</notes>

<listOfModels> Any model description
<model id="modell" .
name="Circadian Oscillations" > In XML SUCh as SBML' Ce”ML
type="SBML" VCML etc.

source="urn:miriam:biomodels.db:BIOMD0000000021" />
<model id="model2"
name="Circadian Chaos"
type="SBML"
source="modell">
<listOfChanges>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V mT']/@value" newValue="0.28">
</changeAttribute>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V dT']/@value" newValue="4.8">
</changeAttribute>
</listOfChanges>
</model>
</1listOfModels>
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EMBL-EBI | i Description of models

<?xml version="1.0" encoding="utf-8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
<notes>Changing a system from oscillation to chaos</notes>
<listOfModels>
<model id="modell"
name="Circadian Oscillations"
type="SBML"
source="urn:miriam:biomodels.db:BIOMD0000000021" />
<model id="model2"
name="Circadian Chaos"
type="SBML"
source="modell">
<listOfChanges>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V mT']/@value" newValue="0.28">
</changeAttribute>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V dT']/@value" newValue="4.8">
</changeAttribute>
</listOfChanges>
</model>
</1listOfModels>
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Description of models

Submit

BIOMDO0O000000021 - Leloup1999 CircClock

<

< SBMLL2V1 | Otherformats = | Actions | | SubmitModel Comment/Bug

| Cwerview | Model | Math || Physical entities || Parameters |

J Theor Biol 1999 Jun;198(3):445-59.

Chaos and birhythmicity in a model for circadian oscillations of the FER and TIM proteins in drosophila
Publication ID: 10366496 Leloup JC, Goldbeter A.

I»

Unite de Chronobiologie Theorigue, Faculte des Sciences, Universite Libre de Bruxelles, Campus Plaine, C.F. 231,
B-1050 Brussels, Belgium. [more

Original Model: Unspecified . Taxonomy Drosophila melanogaster
t#1 bgbiol:
=E ARIoIs  FGG Pathway dme04710

Submitter: Micolas Le Novere

set #2 bgbiolisVersionCf Gene Ontology circadian rhythm

Submission Date: 2005-09-13T13:24:15+00:00

Last Modification Date: 2007-09-25T09:32:00+00:00
Creation Date: 2005-06-29T10:27:52+00:00

Creators: MNicolas Le Movers

Bruce Shapino

Curation Result:

91 Termsof Use ¢ EBI Funding @ Contact EBl ¢ @ European Bioinformatics Institute 2006-2008. EBI is an Outstation of the European Mokcular Biolbgy Laboratory.




EMBL-EBI | i Description of models

<?xml version="1.0" encoding="utf-8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
<notes>Changing a system from oscillation to chaos</notes>
<listOfModels>
<model id="modell"
name="Circadian Os
type="SBML"
source="urn:miriam:biomydels.db:BIOMD0000000021" />
<model id="model2"
name="Circadian Chaos"
type="SBML"
source="modell">
<listOfChanges>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V mT']/@value" newValue="0.28">
</changeAttribute>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V dT']/@value" newValue="4.8">
</changeAttribute>
</listOfChanges>
</model>
</1listOfModels>

lations™"
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EMBL-EBI | i Description of models

<?xml version="1.0" encoding="utf-8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
<notes>Changing a system from oscillation to chaos</notes>
<listOfModels>
<model id="modell"
name="Circadian Oscillations"
type="SBML"
source="urn:miriam:biomodels.db:BIOMD0000000021" />
<model id="model2"
name="Circadian Chaos"
type="SBML"
source="modell">
<listOfChanges>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id="V mT']1/@value" newValue="0,28">
</changeAttribute>
<changeAttribute target=
"/sbml/model/listOfParameters/parameter[@id='V dT']/@value" newValue="4.8">
</changeAttribute>
</listOfChanges>
</model>
</listOfModels>
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EMBL-EBI | i Simulation approach

Simulation

+id : String [1]
+name : String [0..1]
+algorithm : kisaolD [1]

T

UniformTimeCourse AnySimulation

+initialTime : double [1]
+outputStartTime : double [1]
+outputEndTime : double [1]
+numberOfPoints : Integer [1]

+listOfProperties| 1..#

SimulationProperty

+propertyMame : String [1]
+propertyValue : String [1]
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EMBL-EBI | i Simulation approach

<listOfSimulations>
<uniformTimeCourse id="simulationl"

algorithm="KiSAO0:0000071"
initialTime="0"
outputStartTime="50"
outputEndTime="1000"
numberOfPoints="1000" />

</listOfSimulations>
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Simulation approach

<listOfSimulations>
<uniformTimeCourse

</listOfSimulations>

Ialgorithm="KiSAO:0000071"

id="simulationl"

initialTime="0"
outputStartTime="50"
outputEndTime="1000"

ae A A A e 1 -

Lo e e
ID KISAO:0000071 DAG Viewer
N B Classes
L Bl kinetic simulation algorithm
Term name = algorithm using non-spatial description
Livermare salver for ordinary differential equations J B Livermore solver
— Livermore salver far ardinary different
W = algarithm using continuous variables
Text Dbxrefs - = Livermore salver
"LS0ODE solves explicitly given ODE systems. [and] [.] is dlc16NOWV2007 - Lnrer.mnre snlue.r_fnr. B T
based on the GEAR and GEARE packages. It solves ODE doi-1218052.121 81 = algorithm using deterministic rules
systems given explicitly as dyfdt =fit,yi". = Lwerr_nnre salver . .
Hindmarsh AC. LSODE and L50DI, two new initial value Y Livermore solver for ordinary different
ordinary differential equation solvers. SIGHUM Hewsletter, = algorithm using adaptive timesteps
Walume 15 i4), pages 10-11 (1980). El Livermore salver
Radhakrishnan K, Hindmarsh AC. Description and Use of Livermore solver for ardinary different
LSODE, the Livermare Salver far Ordinary Differential
Equations. Lawrence Livermore National Laboratory Report,
Yol UCRL-1D-113855 (1993), P | M | [»
[ Synonyms * h
SYNanyms
LS0DE Gelect a synonym fram the list to edit it, ar press
add to create a new synanym
a T | L
- 4 paths loaded. [ ] Multi-select [ | Collapse [ | Local
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Simulation task
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Model

+mnde|Fleferenc§.
1

+id : String [1]
+name : String [0..1]
+type : String [0..1]
+source : XLink [0..1]

Simulation

+id : String [1]
+name : String [0..1]
+algorithm : kisaolD [1]

u

+simulationReference | 1

Task

+id : String [1]
+name : String [0..1]




EMBL-EBI | i Simulation task

<listOfTasks>
<task id="taskl"
name="Baseline"
modelReference="modell"
simulationReference="simulationl">
</task>
<task id="task2"
name="Modified parameters"
modelReference="model2"
simulationReference="simulationl">
</task>
</listOfTasks>
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Data generation

Task

+id : String [1]
+name : String [0..1]

Variable

DataGenerator

& taskReference

1

+id : String [1]
+name : String [0..1]
+math : MathML
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+listOfVariables

0.*

+id : String [1]
+name : String [0..1]
+target : XPath [1]

Parameter

+listOfParameters

0.*

+id : String [1]
+name : String [0..1]
+value : String [1]




EMBL-EBI | i Data generation

<listOfDataGenerators>
<dataGenerator id="time" name="Time">
<mathExpression>
<math>
<apply>
<plus />
<csymbol encoding="text"
definitionURL="http://www.sbml.org/sbml/symbols/time">time
</csymbol>
</apply>
</math>
</mathExpression>
</dataGenerator>
<dataGenerator id="timl" name="tim mRNA (total)">
<listOfVvariables>
<variable id="v1" taskReference="taskl"
target="/sbml/model/listOfSpecies/species[@id='Mt']" />
</listOfVariables>
<mathExpression>
<math>
<apply>
<plus />
<ci>vl</ci>
</apply>
</math>
</mathExpression>
</dataGenerator>

</listOfDataGenerators>
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EMBL-EBI | i Production of results

Output

+id : String [1]
+nama : String [0..1)

0
Plot2D Plot3D Report
] ]
+listOfCurves| 1..* +listOfsurfaces | 1..% +listOfDatasSets| 1..*
Curve Surface DataSet
+logX : Boolean kdl——{ +logZ : Boolean
+logy : Boolean

+zDataReference | 1

DataGenerator
+xDataReferenc +id - Siring [1] +dataReference
1 +name : Siring [0..1] 1
+yDataReference +math - MathML
1
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EMBL-EBI | i Production of results

<listOfOutputs>
<plot2D id="plotl" name="tim mRNA with Oscillation and Chaos">
<listOfCurves>
<curve logX="false"
logy="false"
xDataReference="time"
yDataReference="timl" />
<curve logX="false"
logy="false"
xDataReference="time"
yDataReference="tim2" />
</1listOfCurves>
</plot2D>
</listOfOutputs>
</sedML>
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EMBL-EBI Production of results

3 — periodic

= chaotic

4] 100 200 300 400 500 600 700 8OO 800 1000
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EMBL-EBI Models Simulation Results

Minimal > 5
requirements ' |

iImplements

.
Data-model \BML \. SED-ML SBRML
BGN
Makes
sense of

‘umE.
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