1B1-EBI
n Bioinformatics Institute

Toward a Computational
Systems Neurobiology

Nicolas Le Novere
Computational Neurobiology
EMBL-EBI, Cambridge, UK

Enmpﬁta!fﬂnaf
N+N workshop HPC for Biomolecules and Materials. Washington 15th & 16th April 2004 [kl /Y




mnl:isigc!'mitics Institute Scope

+ Biology => alive objects
¥ typical timescale is second
+ billion of billions atoms

+ MD power equivalent x 10**

#+ Our "multiscale" does not even
overlap your "multiscale"
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WL-_E_BI -~ Classical modelling approaches
ropean Biocinformatics Institute in theoretical biology

(1)-The phenomenology

Snapshot of the system Abstraction
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JLl-EBI  Classical modelling approaches
uropean Bioinformatics Institute in theoretical biology
(2)-The reductionism
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w”mm Systems Biology

+ Reconstruction of the dynamic biological systems from the
properties of their elementary building blocks

+# Relationships between building blocks are more important
than their elementary properties.
Cybernetics properties are conserved across systems
(control theory: feedback, feedforward, robustness)
The theoretical treatment is already available

+ Made possible by large-scale quantitative data production
& improvements of computing power and technics

# A New Era:
Molecular Biology made Biology understandable (sometimes)
Systems Biology makes Biology predictive (we hope so)
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HB'm Classical view of the synapse

« One transmitter

« One receptor

« Homogenous distribution
« Frozen in space and time
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WBL-EBI .. Pharmacological complexity

Tsen et al. (2000) Nat Neurosci, 3: 126-132 &
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I'EBIm Structural complexity (1)

Atlas of Ultrastructural Neurocytology
http://synapses.mcqg.edu/atlas/eurosci
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y * ; 54 J Neurosci, 22: 748-756
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“ﬂrnpﬁn Bicinformatics Institute

Active synapse Silent synapse
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Temporal complexity

Barry and Ziff. (2002)
Curr Opin Neurobiol, 12: 279-286

Choquet & Triller (2003)
Nat Rev Neurosci, 4: 251-265
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uropean Bioinformatics Institute

Heterogeneous quantitative data
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~=m DoppaNet: The Meso-Telencephalic Dopamine Consortium - Mozilla B 52 ES

, File Edit View Go Bookmarks Tools Window Help

B @Q O O Q | % http://www.dopanet.org/index.htmi | [y search | C.:::;Q

=] [;’Issue list

I % DopaNet: The Meso-Telence... ] |

DopalMet is supported by

L-EBI

Uropaan Sioinfarmatics Instituts

o

INSTITUT PASTEUR

CENTRE NATIONAL
DE LA RECHERCHE
SCIENTIFIQUE

DopaNet: The Meso-Telencephalic Dopamine Consortium

What i3 Dopatlet? Dopatlet structure

Dopakiet members Open positions

Heuronal ontology Muolecule Pages
How can | help? Contact

MEW  hiarch 2004 The construction of the Molecule Fages, aimed to store detailed functional information about molecules present in Dopallet target cells has been
started. Everybody is invited to participate.

June 2003 The construction of an ontology of the neuronal cell has been started. Everybody is invited to participate.

February 2003: The computing infrastructure of DopaMet will be hosted by the European Bioinformatic Institute (EBTY, outstation of the European Molecular Biclogy
Lakoratory (EMEL .

Decernber 2002: DopaMet is accepted as a network of the European Science Foundation. A grant of S0 000 € is attributed for the period 2003-2005, (ESF booklet )
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Last modified: Wed Mar 24 14:50:59 GMT 2004
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ropean Bioinformatics Institute
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ml-iﬂl The mesotelencephalic
Bicinformatics Institute DA System
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urnpeanl:iEEuIrmatics Institute Dopa Net road map

—_—

First level

N .
euronal ontology:
9 Second le—
Hierarchical vocabulary entirely Major neurotransmissions:
describing the system. Third leve
o Database structure Generation of missing or
o Simulation objects inaccurate data. . e . .
Generalisation to all missing moleculest

Major neurotransmissi : Extensions to other tems: - , .

ajor neurotransmissions ons to other systems Not specific to the dopaminergic neuron, but
Literature mining for basic and - neurotrophins cruaalttto Its li‘utr)ctloln. hi
guantifiable properties - adhesion molecules ) F;]Ot? ) r?InT a Lona th‘aC mcsry

- abundance of molecules - subsynaptic cytoskeleton - h fc.e ular ﬁrge Itng Systems

- subcellular location - second-messenger cascades - proteéin recycling etc.
\,_- elementary pr ti / - transcription factors etc. . . .

S ATy properes P ors etc Experimental data at the level of circuits:

Modelling and simulation: Modelling and simulation:

Long term changes of the neuron activity.

Evaluation of available simulation| Realistic simulations of local Behavioural and clinical data.

tools. Development of inovative processes, like synaptic functio Modelli d si lation:
\fools launched. and signal integration. odelling and simulation:

Large-scale models and simulations. Normal
and pathological situations.
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Ontology browser - Mozilla = [FFT]|

. File Edit View Go Bookmarks Tools Window Help

©Q O @ O | % http://www ebi.ac.uk/compneur-sny/dopanet/Ontology/dant-ontologyBrowser | |[Q5Earch] cf‘:;o

@ Dopalet_Ontology - =
=0 cellular_ component | DA:0000431; acetylcholinesterase [show tree] [Open node] [Collapse tres]
. (D - Functional form of the enzyme degrading acetylcholine in the
= cell - extracellular space. It is considered to be made up of only the 'T' subunits.
@ p|asma memhbrane definition 'R is expressed only under stress or during the muscle differentiation,
{D while 'H' is present only in the hematopoitic system. Only tetramer of 'T'
=AY neuron linked to PRiMA are considered. The monomers, dimers or tetramers
5P axon without PRiMA would be assembly intermediates.
B it lisa |DA:0000430
W initial segment | . |
: part o

-@3' terminal button

children |DA:0000426, DA:0000428

-® varicosity

“® axon hillock Last modification: Tue Apr 6 09:34:03 2004 GMT.
=& somato-dendritic compartment

B cytoplasm

- extracellular space
=0 ghsolete compaonent
=0 molecular complex
=D protein

'@' protein phosphatase inhibitor

-@' cytokine receptor

'@' heterotrimeric G-protein complex
-@' ligand-gated ion channel

'@' receptor tyrosine kinase

-@) neurotrophin

'@' serine/threonine protein kinase
=D neutransmitter degradation enzyme
=D acetylcholinesterase —
® acetylcholinesterase T subunit
(B proline-rich membrane anchor
=D transforming growth factor

=D adenylyl cyclase

=D G-protein coupled recentor

1
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[~] DNMPEditor
File Page Options

Oz g o &S| |suwbme | & @ Q| ® | Search: |
[ DopatetMP

lewal: 2

wersion: 8

wrmlns: hitp: ffweee dopanet. argf/MoleculePages
rmlns xsi httpsf fooane w2 orgf 2001 XMLSchema-instance

¥siischemalocation: http: ffwwsw. dopanet.orgfMoleculePages) hitp: f ey dopanet. orgfMoleculePagesfDopaketMP . oxsd
@ & moleculePage

Copaketontology: DA OQOO3 12
abbreviation: TGFRRE-I
Creation: 2002%-12-18
rodification; 2004-02-23
narme: transfarming growth factor beta receptar tyoe |l
references: 1
@ [T listOfMaintainers
@ [T listOfContributars
@ [T listOfCompaonents
listofStates
&= [ listofCells
@ [ listofLigands
Q@ @ ligand
Dopakletontology: DA QOOQ27S
name:; transforming growwth factor betal
arigin: endaogenous
stateligand: TGFbRI_greechy
¢ listOfProperties
@ @ property
narme: kd
references. 7
@ taxon
Harmo sapiens
@ listOfvalues
@ @ wvalue
mean: &
sd: 2
Lnit picomaole per litre
@ @ property
@ @ property
@ @ ligand
@ @ ligand
@ [T listOfSubstrates

http: fvwww.ebi.aculkf dopanet- srv/ TGFbR-1l.xmli | i




<moleculePage
DopaNetontolody="DA:0000311"
abbreviation="TGFDbR

<listOfStates>
<state name="inactive">

</listOfStates>
<ListOfLigands>
<ligand
DopaNetontolody 0
stateligand="TGFbRT g
<listOfProperties>
<property name="Kd" re
statemole

s ences
e
<listOfVvalue

<value mean="6" sd="2"

unit="picomole per litre"/>

</listOfvalues>
</property>
</listOfProperties>
</ligand>
</listOfLigands>

<listOfBibitems>
<bibitem label mid= "12729750">
Crescenzo et al

</bibitem>
</listOfBibitems>
</moleculePage>

N+N workshop HPC for Biomolecules and Materials. Washington 15th & 16th April 2004

<moleculePage
DopaNetontology="DA:0000279"
abbreviation="TGFb

<listOfStates>
<state name="TCFbLRI indifferent">
<state name="TGFbRI greedy">
</listOfStates>
<listOfLigands>
<ligand
DopaNetontology DA+ 0.0

.
stateliand=ractive>—>

<listOfPropertte
<property name="Kd" referencesgs"9"
S

statemolecule="TGFbRI greedy'
<listOfvalues>
<value mean="6" sd="2"
unit="picomole per litre"/>

</listOfvalues>
</property>

</1listOfProperties>

</ligand>

</listOfLigands>

<listOfBibitems>
<bibitem label mid= "12729750">
Crescenzo et s

</bibitem>
</1listOfBibitems> "
</moleculePage>
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WL-_E_BI o multi-scale multi-algorithm

models are required

=
Whole-neuron ¢ ¢
Cable theory S e T
Lum-1m I L o ‘%:;s
1ms-1lweek .\’ el 1 I/&
. 2

Signaling networ
ODE

1um-10pm

1s-1d

Synapse

Stochastic algorithm Dendritic spine

1nm-100nm Diffusion, PDE

1us-1ms 100nm-1um =
1ms-1s
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OIB[-EBI E-Cell System 3 (Kouichi Takahashi)
uropean Biocinformatics Institute Shared mem’ hyper-threading

translation k= *

»ke

potentiation kL .J inhibition k
translation ,._N.AL>
catalysej

catalyse j w
(ExpressionFquProcess)) \

Stepper A é inhibition k

—p (ODE45Stepper) : 1, |
< K(MassActlonFquProcess)j varlable J

potentiation k

(MassActionFquProcess)j R e varlablel
translation i W
Stepper B (GillespieProcess) J var|able K
—m (NRStepper)
ot2 translation k \
(GillespieProcess) j =

Enmpr:rtatfnnaf
N+N workshop HPC for Biomolecules and Materials. Washington 15th & 16th April 2004 .Heufnbfufﬂgy




WLEBI Modularity efforts

used to model neurons

deterministic N . stochastic
- El StochSim
E-Cell MCell
- . )
vCell L Gillespie
GENESIS DB interface
SBW .
Wholo—cell - CellDesigner - KEGG J
Jarnac NEOSIM
Gepasi Gene expression?
RPC
L - p, Cell remodeling?

All these programs speak SBML C ML
(Systems Biology Markup Language) { 3

N+N workshop HPC for Biomolecules and Materials. Washington 15th & 16th April 2004
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. File Edit View Go Bookmarks Tools Window Help

n @QO @ Q |€8 http://sbml.orgfindex.psp

| [ Search | C-;::;Q

Systems Biology
Markup Language

A Tool-Meutral Exchange Format
The Systems Biology Markup Language (SERL) is a computer-readable format for representing models of

biochemical reaction networks. SBkL is applicable to metaholic networks, cell-signaling pathways, genomic
regulatory networks, and many other areas in systems biology.

Internationally Supported and Widely Used

SEML has been evolving since mid-2000 through the efforts of an international group of software developers
and users. Today, SBML is supported by over 50 software systems, including the following (where ™
indicates SBML support in development):

BaLsa CellDesigner Gepasi kathSERL SCIpath
BASIS Cellerator Jarnac kodesto SigFath
BioCharon Cellware JdDesigner  KORAT SigTran
hiocyc2SBML COoOPAas JdigCell kAonod Simpathica
BinGrid Cytoscape 51k MetBuilder StochSim
Bio Sketch Pad  DBsolve JWET Pathart STOCKS
Binspreadsheet Dizzy Faryote” PathScout Trelis
BinlrAL kegoéshml  PathewayBuilder  Wirtual Cell
ESTLab ecelll Kinsolver®  ProcessDB® WL Suite
CAaDLIVE ESS lihSERL SBEW WinSCardP

A Free and Open Language

Advances in biotechnology are leading to larger, more complex maodels. The systems biology community needs
information standards if models are to be shared, evaluated and developed cooperatively. SEML's widespread
adoption offers many henefits:

« Enahling the use of multiple tools without reseriting models for each tool

« Enabling models to be shared and published in a form other researchers can use even in a different
software environment

s Ensuring the survival of models (and the intellectual effort put into them) beyond the lifetime of the
sofhware used to create them

Fat s FAENE AR 0h

home | contacts | documents | downloads | FAGs | forums | models | news | online bools | wiki | workshops

KEGGZ2SBML 1.0 Released!

(Marchs 28, 2004) The first full version of
KEGG2SEML, the KEGG-to-SBML converter, is now
available. It supports SEML Level 2, KEGG release 29,
LIGAMD releaze 29 and KGML w0.35.

read more

MathSEML 2.3.0 Released!

(March 15, 2004 The latest version of MathSBML has
just been released, and it's chock-full of features.
Math SEML now supports virtually every aspect of

SEML Lewvel 2.

'syshio’ survey results are in

(Felvuay 25, 20040 The results are in, and people
voted to expand the role of the ‘syshio’ mailing list. The
changes take effect immediately.

'sysbio’ mailing list survey

(Febvuary 10, 20040 We are running a survey to find out
what to do with the "syshioE@caltech edy’ mailing list.
Flease visit the survey padge to cast your vote,

read more
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L-EBI

1010+

ropean Bioinformatics Institute

A minimal example: Stochastic
simulation of a nicotinic EPSP

wclosed

H"WW. j\ = desen
5094 "1 == interm
\ w-1mlig
808 —Dbilig
monolig
open
# 12 reactants 7071
# 17 reactions 606+
+ 36 parameters 505
'*' 2 events 4044
'*‘ SBML2: 867 lines 3034
202
1014
0.0e+00 5.0e-02 1.0e-01 1.5e-01 2.0e-01 2.5e-01

Parsing can be an HPC problem ;-)
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L-EBI Parameter search

ropean Biocinformatics Institute
r— - —> COpioides

&\,—“w.uw
; V

Unknown or uncertain parameters
—lterative determination
evolutionary algorithms (GA)
stochastic algorithms (SA)
gradient-descent
direct search
Thousands of iterations, i.e. demanding
computation, whatever the simulation.
However, independent simulations,
allowing for distributed computing
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rnpuarll:iEiE{!matics Institute The team EEE

« Marco Donizelli (software engineer)
« Eric Fernandez (post-doc, start in may)

+# Mélanie Courtot (database engineer, start in july)
« Dominic Tolle (PhD student, start in september)
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