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EMBL-EBI i EBI is part of EMBL

®m  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

Monterotondo

m Based on the Wellcome Trust Genome &
Campus near Cambridge, UK
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EMBL-EBI ;g: The EMBL-EBI’s mission

m 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

m To help disseminate cutting-edge technologies to industry
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EMBL-EBI :g: Principles of service provision

m 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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EMBL-EB | i EBI Data resources: molecules to systems

Genomes
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Protein families,
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InterPro

Chemical entities
ChEBI

Protein interactions
IntAct

Pathways
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Systems
BioModels
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EVBL-EB) Standards development

Nucleotide sequence
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—

Genome annotation H ﬁﬂ {0 86 0 88 88 88 88 88 85 88 H 8

Gene Ontology @Ge‘« 6y, Protein sequence
AR 64 IPI
‘f ) 7] 3 v\\{\{\\?(“r;_\ Y

7

Proteomics
MIAPE, MIMIx, PSI-MI

Transcriptomics
MIAME

Metabolomic s
CIMR ﬁ‘f}
"
Pathways @
BioPAX

SBGN
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EMBL-EBI Research groups
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EMBL-EBI | i Data management

= ~3.4 million web requests per day

= >300 000 unique hosts served per month
= ~3 million files downloaded per month

= ~150 TB data downloaded in 2007

m  Millions of cross-references
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EMBL-EBI | i Group themes and projects
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EVBL-EB) Different representations of a pathway

Growth Faclors,
Mitogenes, GPCR

I = No temporal sequence

A-Raf, B-Raf, c-Raf, : : :
Mcs, Tol2 = No directionality

| = No biochemical effects
MEK1/2

= No mechanistic descriptions
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EVBL-EB) Different representations of a pathway

Mitagen e
receptors (4945

Growth Faclors,
Mitogenes, GPCR

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

| y

MEK1/2

= Directionality of influence
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EMBL-EBI

Different representations of a pathway

Growth Faclors,
Mitogenes, GPCR

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

MEK1/2
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Mitogen |1777
receptors |10 ¢

MAPK-path
(ERK1/2)

= Directionality of influence

= Directionality of effect




EMBL-EBI Different representations of a pathway

Mitogen |177 7707711
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EMBL-EBI Different representations of a pathway

Ras’MKEKKK

THREE different meanings
for ONE symbol!

Y

|
: = Transition

MEKK MEKK-P MKEK-PP i .

. = catalysis

B B o By B ¥ |
.= inhibition

7 8 i

MAPK MAPK-P MAPK-PP
R B e B o
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EVBL-EB) Can-this be understood by biologists?

/ Replicative

A3

%

Replicative
nescence

k : . ~ X
) "% G-
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EVBL-EB) Can-this be understood by biologists?

Replicative

Stimulates? butl.
what exactly?

Ubl:ﬁit i ;
Associates into? ‘e
e 1

o _ o ™) Qation

Nucleus

Translocates?

Cell Cycle

No idea. Reciprocal
stimulation? =
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EMBL-EBI | it Every computer scientist understands those
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EVBL-EB) Every physicist understands those
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EMBL-EBI | i Every engineer understands that

Flit) C R
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EMBL-EBI What did-those diagram bring?

\RARRRRAA
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EMBL-EBI What do-we expect in modern (future) life science
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EMBL-EBI | i 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
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EMBL-EBI | i Using electrical diagrams

uv ' _
% G10 NOT: - AND:1)-
RecA— ! Kinetic model required: E73
— = Cl
G1 Switch @ . ‘ = :Dd

S
} _ To head,
G9 ; “ tail

‘ﬁfsowﬁ genes

asmlliy- DNA allle Gene (CD Gene product e » Terminator site
Promoter

Antisense gene @ Postreaction — Signal path
gene product

m McAdams and Shapiro (1995) Science, 269: 650-657
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EMBL-EBI
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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 transcriptional activation,

Shorthand symbol for transcriptional inhibition.

Degradation products
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EMBL-EBI 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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EMBL-EBI |/ i Cell Cycle in MIM
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EMBL-EBI | i Kitano's Process Diagram 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 S . Transcription e et e I; [

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

::t;l; :::IELHI'IEI :] Translocation —_— L I:_—w D .
;’Eg;ted - Assaciation >_' [ ] : 0 - u KltanO et aI (2005)

Gene neme Dissociation @< : Category-ll reduced notation (viewer only) N a t B / OteCh ! 2 3 :
Activation/ i indes ; (_J 9 6 1 - 9 6 6
RNA / / Truncation —L‘< m%%:fggnn

name
Anti-sense N, Node structure
AMA name Promate
transition - Residua .
? modification et o (2 phosphorlazed
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=== Connachviby
cz
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EMBL-EBI | it Process Diagrams are State transition graphs

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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EMBL-EBI | i Cell Cycle in Kitano's Process Diagram

P i
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EMBL-EBI i i¥ Toll-like signalling
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EVMBL-EBI 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 No software support (except Cell Designer 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

5% Computational Intelligence Methods for Bioinformatics and Biostatistics,
Vietri Sul Mare, Salerno, 3-4 Oct 2008




EMBL-EBI i i

Enters
The Systems Biology Markup Language

http://www.sbgn.org/
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EMBL-EBI What is SBGN?

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

= Limited amount of symbols (32) = Smooth learning curve

= 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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EVBL-EB) Graph trinity: three languages in one

Process diagrams Entity Relationships Activity Flow

diagrams diagrams

m  Unambiguous

= Unambiguous ®  Ambiguous

= Mechanistic =  Mechanistic = Conceptual

m Sequential

m Non-sequential | = Sequential

m Combinatorial
explosion
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EVBL-EB) Graph trinity: three languages in one

Process diagrams Entity Relationships Activity Flow

diagrams diagrams

® Unambiguous = Unambiguous = Ambiguous

= Mechanistic =  Mechanistic = Conceptual

= Sequential = Non-sequential | ®= Sequential

m Combinatorial
explosion
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EMBL-EBI | i 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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EMBL-EBI SBGN Process Diagram L1 reference

& N N (7 N N
Entity Pool Nodes Auxiliary units Process Nodes Connecting Arcs

transition E_ consumption
omitted process
_El.’ production

uncertain process

unspecified entity —pre:label— unit of information

simple chemical state variable

BRI

or operator

observable
-
A >LABEL submap
SR>
. AN
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EMBL-EBI | i Entity Pool Nodes

simple chemical

unspecified entity

LABEL macromolecule

LABEL nucleic acid feature
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EMBL-EBI | i Entity Pool Nodes

ified entity ?
unspecified enti radlcal
simple chemical Sma” m0|eCU|e
LABEL | macromolecule polysaccharide
protein
LABEL [|nucleic acid feature

gene / TF BS
exon MRNA

[
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EMBL-EBI | i Entity Pool Nodes

[N:5]
LABEL l

) multimer
[N:2]
LABEL \

simple chemical

unspecified entity

LABEL macromolecule

LABEL nucleic acid feature
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EMBL-EBI i Entity Pool Nodes

unspecified entity

source/sink

simple chemical

LABEL tag

observable
[N:2 |
LABEL
> LABEL < perturbation

multimer

LABEL macromolecule

LABEL nucleic acid feature
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EMBL-EBI | i Entity Pool Nodes

process  ynenotype

!

Mmeasure

unspecified entity
ource/sink
LABEL

simple chemical
LABEL

multimer

LABEL macromolecule observable

e

LABEL

ol

LABEL

"~
N

erturbation
LABEL [|nucleic acid feature p

] *E
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EMBL-EBI | i Entity Pool Nodes

source/sink

LABEL > tag
- observable

LABEL

LABEL

simple chemical

unspecified entity Z

multimer

LABEL macromolecule

LABEL

ol
3

"~
N

erturbation
LABEL [|nucleic acid feature p

mutation Temp
Chemical light
signal
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EMBL-EBI

s

Process Nodes

\\

Y oY Y
ANVANAN

Y
Bncas
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transition
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uncertain process

association
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EMBL-EBI | i Connecting Arcs

—O Target catalysis
TRN

Source N :
@ cnnsumptlun
| [Target inhibition

1| TRN

N ’ e production
Target .

—‘-D TRk trigger

@ fiotos modulation
—( edicdl Y agic arc
Gperatﬂr

> Target stimulation

TRN
LABEL e equivalence arc
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EMBL-EBI | i Examples of transitions

N:4
>'—>Gemogloba [1_@—L1p | hemoglobin
[ globin j
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EMBL-EBI | i All those diagrams are identical
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EMBL-EBI | i Auxiliary Units
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EMBL-EBI | i Transitions with state variables

l MAPK ' Pl MAPK '
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Channel < [ ] > Channel

5" Computational Intelligence Methods for Bioinformatics and Biostatistics,
Vietri Sul Mare, Salerno, 3-4 Oct 2008




EMBL-EBI Containers

/ /mm %
'"FD[ LABEL
[ LABEL complex
i LABEL
INFOD vary @ /
[e:INFO| —
compartment

G

a

E>LABEL<E submap

5" Computational Intelligence Methods for Bioinformatics and Biostatistics,
Vietri Sul Mare, Salerno, 3-4 Oct 2008




EMBL-EBI | i Transitions with containers
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EMBL-EBI

s

Modulatory Arcs

Source N
EPM

consumption

D Target
TRN

N Target :
’ production
Target :
<> e modulation
stimulation

O Target
TRN

| | Target
|| TRN

Target
TEN

catalysis

inhibition

trigger

operator

5" Computational Intelligence Methods for Bioinformatics and Biostatistics,

Vietri Sul Mare, Salerno, 3-4 Oct 2008

LABEL equivalence arc




EMBL-EBI ;g: Transitions with modulations
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EMBL-EBI Triggers
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EMBL-EBI | i Logical operators

and operator

or operator

not operator

b
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EMBL-EBI | i Use of logical operators
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EMBL-EBI |/ i Disjoint compartments
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EMBL-EBI |/ i Disjoint compartments
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EMBL-EBI
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EMBL-EBI | i Node-node overlap

5 [O—

wrong correct
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EMBL-EBI

s
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EMBL-EBI | i Node-edge crossing

o _ ) L

wrong correct correct

5" Computational Intelligence Methods for Bioinformatics and Biostatistics,
Vietri Sul Mare, Salerno, 3-4 Oct 2008




EMBL-EBI | i Edge-edge overlap
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EMBL-EBI ;g: Node orientation
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EMBL-EBI | i Metabolic pathway
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EMBL-EBI Submaps
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EMBL-EBI Submaps
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EMBL-EBI Submaps
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EMBL-EBI | i Multi-cellular example

| ;( 32::1?26)
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EMBL-EBI | i Genetic regulation
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EVBL-EB) Software support for SBGN PD L1

®  Arcadia - http://personalpages.manchester.ac.uk/staff/
Alice.Villeger/arcadia.html
m CellDesigner - http://www.celldesigner.org/

= Edinburgh Pathway Editor - http://www.bioinformatics.ed.ac.uk/epe/

= Vanted - http://vanted.ipk-gatersleben.de/
= Athena - http://www.codeplex.com/athena

m  Netbuilder - http://strc.herts.ac.uk/bio/maria/Apostrophe/index.htm
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EVBL-EB) Additional glyphs in Entity Relationships
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EMBL-EBI | i Necessity of ER: example of allostery

“low affinity” “high affinity”
(inactive) (active)
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EMBL-EBI | i Necessity of ER: example of allostery

inact
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act
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“low affinity” “high affinity”
(inactive) (active)
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EMBL-EBI | i Necessity of ER: example of allostery

“low affinity” “high affinity”
(inactive) (active)
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EMBL-EBI

Necessity of ER: example of allostery
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EMBL-EBI | i Necessity of ER: example of allostery

Process Diagram notation
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EMBL-EBI | i Necessity of ER: example of allostery

Process Diagram notation Entity Relationships notation
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EMBL-EBI | i Allostery plus combinatorial explosion
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Home Cocurments Forurms Comrmunity Ewvents About

2 A Visual Notation for Network Diagrams in Biology

SBGM.org is the global portal for documentation, news, and other infarmation about
the Systems Biology Graphical Motation (SBGM) project, an effort to standardize the

graphical notation used in diagrams of biochemical and cellular processes
Q studied in systems biology.

@é \- Standardizing the diagrammatic notation is crucial for more efficient and accurate
9 9 transmission of biological knowledge between different research communities in the
expanding field of systems biology. Motations traditionally used by researchers and
E} software have been informal, idiosyneratic and highly variable, Until SBGHM, there has
been no standard agreed-upon convention defining precisely how to draw
@' biochemical interaction diagrams in a regular and systematic way that helps readers
interpret them consistently and unamhbiguously,

SBGHN defines a comprehensive set of symbols with precise semantics, together
with detailed syntactic rules defining their use and how diagrams are to be
interpreted. By standardizing the visual notation, SEGN can serve as a bridge
between different communities in research, education, publishing, and more. The real
payoff will come when researchers are as familiar with the notation as electronics
enginears are familiar with the notation of circuit schematics, If researchears are
saved the time and effort required to familiarize themselves with different notations,

- SBGN News they can spend more time thinking about the biclogy being depicted.

(23 Aug.'08) The first sBGN On this site, you can browse some example diagrams to get a feeling for SEGHM, read
Process Diagrams Level 1 the SBGM specification documents , join online discussions, see current working
specification is out! Download documents in the SEGN wiki, and much maore,

the specification and tell us
what vou think! SBGN is the work of many people. It would not have been possible without the

generous support of multiple organizations over the years, for which we are very
thanlful,

(Locked) | Watch page : Page History | Upload file | File list | Page list i My watchlist

B
PBGN stems sioloay http://www.sbgn.org/ |
!

Preferences | Help | Log out




#GN

Systems Biology
Graphical Notation

Home

Cocurments

EVENTS

Parent pages: SBEGH.org

Forurms Cormmunity Events  About Google

As part of our efforts to develop and establish SEGN, in 2006 we initiated a
workshop series to bring together individuals from around the world who are
interested in discussing SBGHM, its implementation and its evolution.

This page provides access to meeting pages, agendas, notes and other information
about upcoming as well as past events,

SBGHN 4 16-17 Oct, 2008
Rostock, Germany

SBGM 4 will be a satellite of the The &th Conference on
Computational Methods in Systems Biology (CMSB].

SBGN 3.5 28 Jan.-2 Feh. 2008
Okinawa, Japan

SBGM 3.5 was part of the super-hackathon on "standards and
ontologies for systems biology”, held in Okinawa, Japan.

SBEGN 3 30 Sep. 2007
Long Beach, California, USA

SREGMN 2 was held the dav hefore the 1CSRBE 207 ronference in | onn



EMBL-EBI | i Future SBGN meetings

= 4™ SBGN forum
15-16 October 2008

Rostock (Warnemunde), Germany
Satellite of CMSB 2008

= 3 SBGN hackathon (SBGN 4.5)
5-9 April 2009
Auckland (Waiheke island), New Zealand
Coupled with CellML workshop
= 5™ SBGN forum (provisional)
September 2009

San Francisco (Stanford)
Satellite of ICSB 2009
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