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e EBI is part of EMBL

= Non-profit organization

m  Part of the European Molecular .
Biology Laboratory (EMBL), a *
basic research institute funded by public
research monies from 19 member states.

Heidelberg

Grenoble

m Based on the Wellcome Trust Genome ‘
Campus near Cambridge, UK
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EMBL-EBI’s missions

= To provide freely available data and bioinformatics
services to all facets of the scientific community in ways
that promote scientific progress

= To contribute to the advancement of biology through basic
Investigator-driven research in bioinformatics

= To provide advanced bioinformatics training to scientists at
all levels, from PhD students to independent investigators

= To help disseminate cutting-edge technologies to industry
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Principles of service provision

Accessibility - all data and tools freely available without
restriction

Compatibility — we develop and promote the use of
standards in bioinformatics

Comprehensive data sets — agreements with other data
providers ensure that our resources contain comprehensive
and up-to-date data; agreements with publishers ensure
that published data are placed in a public repository at the
earliest opportunity

Portability - data and software can be downloaded and
installed locally

Quality - Our databases are enhanced through annotation
and cross-referencing
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y EBI Data resources: molecules to systems

Genomes

Nucleotide sequence
EMBL-Bank

Ensembl N o

(96CAGe, p O AGCCTGGw4G
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Gty & gy Proteomes
Gene expression 000y ﬂ‘tgf;OQ’f(;OQO“ UniProt, PRIDE

ArrayExpress

Protein families,
motifs and domains
InterPro

Protein structure
PDBe

Chemical entities
ChEBI

Protein interactions
IntAct

Pathways
Reactome

Systems
BioModels
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=T e Standards development
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Research groups
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=T B EBI usage

= >3 million web requests per day
= >300 000 unique hosts served per month
= ~5 million files downloaded per month

m ~173 TB data downloaded in 2008
(excluding data sync)

m Millions of cross-references
m 5 petabytes of storage
m > 1000 cores in clusters

= 1 million compute jobs per day
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Group themes and projects

Computational
Neurobiology
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- http://www.sbgn.org/

The Systems Biology Graphical
Notation

Nicolas Le Novere, EMBL-EBI

(on the behalf of SBGN editors, authors and contributors)
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Graphs are everywhere in biology

SCLC and MSCLC genonse comparison
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Ambiguity of usual representations

X—»Y
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e Ambiguity of usual representations

X—»Y

is transformed into
translocates (X "="Y)
is degraded into
associates into
dissociates into
stimulates the activity of
stimulates the expression of

catalyses the formation of
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e Ambiguity of usual representations

NI X inhibits Y

is transformed into
translocates (X "="Y)
is degraded into
associates into
dissociates into
stimulates the activity of
stimulates the expression of

catalyses the formation of
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e Ambiguity of usual representations

is transformed into

"

translocates (X "="Y)
is degraded into
associates into
dissociates into
stimulates the activity of

stimulates the expression of

[1ge

catalyses the formation of inhibition
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/ Replicative
Senescence

Replicative
Scenescence
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=T Can-this be understpod by biologists?

Stimulates? butf.
what exactly?

Stimulates gene
transcription?

( .’ E - Seonesce

: : G1
: L—:%\ Is degraded?
P) h&aﬁon

Associates into?

y H
\wd_y Nucleus

Translocates?

Cell Cycle
Progression

No idea. Reciprocal
stimulation?
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- Every computer scientist understands those

READ N
i Delay Set for 5 Min.
M=1
F=1 ¢
.l NO
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Every physicist understands those
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e Every engineer understands that

Plt) c R
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T What did-those diagram bring?

\ ‘Q i

e

= : 2R
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Why can-we understand electric diagrams?

Standard symbols

Simple shapes, easily recognisable
Limited number of basic symbols (<70)

Similarity of shapes reflects similarity of functions
Unambiguous interpretation of the circuits
Endorsed by the community for practical reasons

End-users: manufacturers
Tool developers
Publishing industry

Teaching communities

EMBL-EBI




T TR Using electrical diagrams

1 NOT: - AND:1)-

R?(:A—-—h l Kinetic model required: B
> ! .
G1 Switch @ :
' —: | To head,

tail

<
G3
Cro)

el DNA allllle Gene (CD Gene product en® » Terminator site
Promoter FEZ8  Antisense gene @ Postreaction —p Signal path

gene product

m McAdams and Shapiro (1995) Science, 269: 650-657
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cytosol / nucleus
@«Eo .

@<ce>e

x z y
"—a—=

Kohn's Molecular Interaction Maps

Non-covalent binding, for example between proteins A and
B. A filled circle or "node" can be placed on the
connecting line to represent the A:B complex itself,

Asymmetric binding where protein A contributes a peptide
that binds to a receptor site or pocket on protein B.

Representaion of multimolecular complexes: x is A:B; y
is (A:B):C. This notation is extensible to any number of
components in a complex.

Covalent modification of protein A. The single-arrowed
line indicates that A can exist in a phosphorylated state.
The node represents the phosphorylated species.

Cleavage of a covalent bond: dephosphorylation of A by
a phosphatase.

Proteolytic cleavage at a specific site within a protein.

Stoichiometric conversion of A into B.

Transport of A from cytosol to nucleus. The filled
circle represents A after it has been transported into the
nucleus (the node functions like a ditto mark).

Formation of a homodimer. Filled circle on the right
represents another copy of A, The filled circle on the
binding line represents the homodimer AzA.,

z is the combination of states defined by x and y.
Enzymatic stimulation of a reaction.

General symbol for stimulation.

General symbol for inhibition,

Shorthand symbol for transeriptional activation,
Shorthand symbol for transcriptional inhibition.

Degradation products
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P O various
substrates

Kurt W Kohn (1998)
Oncogene, 16: 1065-1075

Kurt W. Kohn (1999)
Mol Biol Cell, 10(8):2703-
2734
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- MIM are Entity Relationship diagrams

m Non-sequential interactions between entities

m Each entity appears only once

m Complexes are defined by interactions

m Modulations of relationships possible

m  Order of interactions is meaningful (only binary ones)

m Angles between edges are meaningful

m Designhed manually
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Cell Cycle in MIM
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T R Kitano's Notation

State node symbols Arc symbols Reduced notation symbols
(Transit node and edges)
Category-l reduced notation

Protain pratadn_reams State transition —_—
- Degradation gé
Konoiwn transiticn [ ] »
omitted '\ "
Recaptor recaplor _name
Unknown transition — Transeription i — 7 -' H

R £ O I Kitano (2003)
mi (o L v+ () Biosilico, 1: 169-170

::t:)l;:;ﬂﬂﬂal :] Translocation —_— I:_—w D
Module .
Tucad ("o, i e @_}_{D_.h = Kitano et al (2005)

Sane name Dissociation —E Category-ll reduced notation (viewer only) Na t B io teCh ! 2 3 : 9 6 1 )
mﬁugﬁuni indax (_J 9 6 6
RMA i / Truncation 4L‘< m%%?ﬁun %
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 EE——
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e
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? modificaion (T r=e-Pos © phosphorylated
& narme (3) acstylaled
Inhibit
ane
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transition > ampty () ubiuiinatad
Simple (:_:) T don't cans @ methylated
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Add reactant
Unknown - e Com plex p———
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M-rner with i
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symbals oR —_— for gena

Active w Exon structure e
protein | ProtEnrEme b for ANA
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T T Kitano's graphs are Process Diagrams

m Causal sequence of molecular processes and their
results

m Each state appears only once
m Complexes are defined as independent entity nodes

= Correspondence with pathway descriptions and
reaction-based models

m Some software support (CellDesigner)
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Cell Cycle in Kitano's Process Diagram
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Why were those pioneer efforts not suitable?

= Somehow fuzzy semantics
No structured data model or ontology behind the notation
Overlapping concepts rather than sub-classing
Gaps in the coverage of biochemistry or modelling
Ambiguous interpretation of the graph

m Little software support (except CellDesigner for Kitano's
Process Diagrams)

= No community involvement
No systematic bug tracking and consistency checking
No comprehensive coverage (focussed on some use-cases)

No endorsement by the tool developers or by the end-users
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T s

Enters
The Systems Biology Markup Language

http://www.sbgn.org/
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_ What is SBGN?

= A way to unambiguously describe biochemical and cellular
events in graphs

= Limited amount of symbols == Smooth learning curve

m Can graphically represent quantitative models, biochemical
pathways, at different levels of granularity

m Developed over three years by a growing community
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The-Systems-Biology-Graphical-Notation{]
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_ What is SBGN?

= A way to unambiguously describe biochemical and cellular
events in graphs

= Limited amount of symbols == Smooth learning curve

m Can graphically represent quantitative models, biochemical
pathways, at different levels of granularity

m Developed over three years by a growing community
» Three languages

Process Diagrams = one state = one glyph, biochemical level
Entity Relationships = one entity = one glyph, biochemical level

Activity Flow i conceptual level
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e Graph trinity: three languages in one

Process diagrams Entity Relationships Activity Flow

diagrams diagrams

MEK

ERK

= Unambiguous
®  Mechanistic ® Unambiguous ® Ambiguous
m  Sequential m  Mechanistic = Conceptual
m Subject to m Non-sequential | ® Sequential
combinatorial
explosion
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e Graph trinity: three languages in one

Process diagrams Entity Relationships Activity Flow

diagrams diagrams

® Unambiguous = Unambiguous

m Mechanistic m  Mechanistic = Ambiguous

= Sequential = Non-sequential | Conceptual

s Combinatorial = Independence = Sequential
explosion of relationships
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- Three orthogonal projections of biology
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T SBGN Process Diagram Level 1

Le Novere, Moodie, Sorokin, Hucka, Schreiber, Demir, Mi, Matsuoka, Wegner, Kitano
Systems Biology Graphical Notation: Process Diagram Level 1 (2008)
Available from Nature Precedings <http://hdl.handle.net/10101/npre.2008.2320.1>
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- Process Diagrams are bipartite graphs

4 )

entity
node

\. J

< connecting edges

o _.L._
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e Process Diagrams can be viewed as pipelines

CE >
52

S3
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SBGN Process Diagram L1 reference card
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T TR Entity Pool Nodes

4 (T 5

Entity Pool Nodes Auxiliary Units Process Nodes Connecting arcs
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T TR Process Nodes
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Entity Pool Nodes Auxiliary Units Process Nodes Connecting arcs
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All those diagrams are identical
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Pending issues

m  Generics (entity pools representing several possible
biochemical types)

m Trans-compartment (e.g. transmembrane)
structures

m |Logical combination of state-variable values (and
close-world/open-world position)

m Moving and transforming compartments

®  Non-chemical entity pool nodes (“voltage”, “pH” ...)
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SBGN Entity Relationships L1 reference card
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SBGN Entity Relationships L1 reference card
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- SBGN Entity Relationships L1 reference card
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Entity Relationships can be viewed as rules

[A} =
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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
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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)
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- Entity Relationships can be viewed as rules

A ] =
[ J ! ivi

B ‘ C I
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
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EGFR
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Example of Entity Relationships map
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Pending issues

m |nternal structure of entities (domains, sites, complexes)

m |dentification of instances: How to differentiate between
several instances of the same entity, differentially involved in

a relationships?
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. SBGN Activity Flow L1 reference card
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EGF
UniProt:POO533
EGFR human
GO:0005006 GO:0005006
EGFR activity EGFR activity
EGFR
RAS
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Software support for SBGN PD L1
Arcadia (MCISB, Manchester, UK) http://arcadiapathways.sourceforge.net/
Athena (Univ Washington, Seattle, US) http://www.codeplex.com/athena/
BioModels DB (EMBL-EBI, UK) http://www.ebi.ac.uk/biomodels/

BioUML (Inst Systems Biology, Novosibirsk, RU) http://www.biouml.org/
CellDesigner (SBI, Tokyo, JP) http://www.celldesigner.org/

EPE (CISBE, Edinburgh, UK) http://www.bioinformatics.ed.ac.uk/epe/

JWS Online (Stellenbosh University, ZA) http://jjj.biochem.sun.ac.za/
NetBuilder (Univ Hertfords, UK) http://strc.herts.ac.uk/bio/maria/Apostrophe/
PANTHER (SRl international, USA) http://www.pantherdb.org/pathway/
Reactome (EMBL-EBI, UK) http://www.reactome.org/

Vanted (IPK Gatersleben, DE) http://vanted.ipk-gatersleben.de/

VISIOweb (Bilkent Univ, Turkey) http://www.bilkent.edu.tr/~bcbi/pvs.html
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Status of Specifications

= SBGN Process Diagrams
Level 1 Version 1.0 release on August 23 2008
Level 1 Version 1.1 to be released over summer
Level 1 Version 2 to be finalised over summer
= SBGN Entity Relationships
Level 1 Version 1.0 to be released over summer
= SBGN Activity Flow

Level 1 Version 1.0 to be released over summer
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T Future SBGN meetings

= 5" SBGN forum s 59 SBGN hackathon (SBGN 6.5)

02-03 September 2009, Spring 2011, Bethesda, USA
San Francisco

“Satellite” of ICSB 2009

= 4" SBGN hackathon
(SBGN 5.5)

21-23 April 2010
Wittenberg

= 6" SBGN forum
(provisional)

October 2010
Edinburgh
Satellite of ICSB 2010
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Growth FActors,
Mitogenes, GPCR

I u
A-Raf, B-Raf, c-Raf,
Mes, Tpl2

MEK1/2

Different representations

No temporal sequence
No directionality
No biochemical effects

No mechanistic descriptions

of a pathway
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R Different representations of a pathway

1l Mitogen (1R7RRRRANT
y ,..,;:n:;" P

Growth FActors,
Mitocgenes, GPCR

A-Raf, B-Raf, c-Raf,

\

Mcs, Tpl2
MEK1/2 Ras /
[
MAPHK-path
(ERK1/2)
= m Directionality of influence
Elk-1r y
c-Fos

Seminar LaBRI, 11 June 2009 EMBL-EBI



Different representations of a pathway

n Mitogen mnannnAnn
¥ A8 SN g

Growth FActons, receplors
Mitocgenes, GPCR
A-Raf, B-Raf, c-Raf,
Mcs, Tpl2
MEK1/2 Ras
MAPHK-path
(ERK1/2)
Elk-1/
c-Fos

= Directionality of influence

= Directionality of effect
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R Different representations of a pathway
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Different representations of a pathway

RasMKKKK

R e D _ . THREE different meanings

for ONE symbol!
3 = Transition
MKK MKK-P MKK-PP lr .

S T N m  catalysis

.= inhibition
7 8 i
MAPK MAPK-P MAPK-PP
W W
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Examples of transitions

2 1

N:4

hemoglobin |- $ [1] P | hemoglobin

globin
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Transitions with state variables

l MAPK ' FI MAPK '
(Closed Coper)
Channel |€—L1—¥| channel

Seminar LaBRI, 11 June 2009 EMBL-EBI



T Transitions with modulations

(activg
‘
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Necessary stimulations

IP3R
@ %) ([ —> X
> %
ct:mRNA
@ E - MRNA X
% \ )
ct:gene
gene X
\ J
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=T P Use of logical operators

<>
ERK
PP2A
>
\
>TEP i)
ERK
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