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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

Mitogen M
Growth FActors, receptors |44V ¢

Mitogenes, GPCR

A-Raf B-Raf, c-Raf,

Mes, Tpl2
| y
MEK1/2 e
. 4
MAPK-path
(ERK1/2)
= = Directionality of influence
Elk-1f y
c-Fos
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EVBL-EB) Different representations of a pathway

Mitogen Innm
Growth FActors, receptors 1404

Mitogenes, GPCR

A-Raf B-Raf, c-Raf,

Mes, Tpl2
MEKA1/2 Ras
MAPK-path
(ERK1/2)
Elk-1r
c-Fos

= Directionality of influence

= Directionality of effect
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EMBL-EBI Different representations of a pathway
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EVBL-EB) 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?
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EVBL-EB) Can-this be understood by biologists?

Replicative

Uit o'\
-
s

Stimulates gene

Associates into? transcription?

Is degraded?

gation

Nucleus

Translocates?

Cell Cycle

No idea. Reciprocal
stimulation? =
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EMBL-EBI | it Every computer scientist understands those

i —_-— Delay Set for 5 Min.
M=1
F=1

F=F*M Get UF'H ,? ﬁ Average 3 Times
¢ ¢ Yes
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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?

]
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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

1 G10 NOT: - AND:1)-
RecA— Kinetic model required: (7]
—
G1 Switch
To head,

tail

8 e, «lllls Gene @ 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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Kurt W Kohn (1998)
Oncogene, 16: 1065-1075

Kurt W. Kohn (1999)
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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; [

Kitano (2003)

lon channel idirectional transition . r
Iiclnsidl | ‘:J id N ! - Translation | 7""'""""'[ ) BIOSIIICO, 1: 169-170
l:?:‘l;:n:lﬂﬂﬂg -narna ranslocation —b" I:__*. D

Module .
;’Eg;ted - Assaciation >_' 0 -D u KltanO et aI (2005)
Gane I Dissoiation @CI: Category-ll reduced notation (viewer only) N a t B I OteCh ’ 2 3 :

Activation/ indese 9 6 1 - 9 6 6
ANA / / - e %[ j
Truncation —L‘< modification

name
Anti-sense N, Node structure
AMA name Promate
transition - Residue .
lon @ ? modification f\-%m mi‘:;: % m&ﬂg ated
Inhib!‘t_ . (=) ubiguitinated
; transition amply
Simple (e} mrithylated
mleculs @ T §iﬁ:‘$ =4 hydrosylated
Add reactant
Unknown ~ name A ;;In;plax p———
Add product nods “
Phenotype nams o4
== Connactivity
- (ciing, o)
' AND —_—
Homodimer ¢ . Promator
N-mer with | protein_name ) (%) andcoding O & e remry
M stackad structure Fne_nams
symbals oR —_— for gena

Active w Exon structure oo
protein | ProtEnrEme b for BMA
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EVMBL-EBI Why were those pioneer efforts not suitable?

» |[ncompletely defined 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
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EMBL-EBI What is SBGN?

= A community effort initiated by Hiroaki Kitano, developed
over four years by modellers, biologists and software
developers, covering model and pathway generation and
processing

= Three orthogonal languages to unambiguously describe
biochemical and cellular events in graphs

= Limited amount of symbols (32 in SBGN PD, 21 in SBGN ER)
= Smooth learning curve

m Can graphically represent quantitative models, biochemical
pathways, genetic interactions, at different levels of
granularity
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EMBL-EBI A few rules

= Not guidelines to how to draw things
= Rules to interpret maps unambiguously
= |nsensitive to colour, motives, gradients

m Should resist to scaling (no dash lines etc)
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EVBL-EB) Graph trinity: three languages in one

Process diagrams

e‘

/ process (flux)

ﬁ 4 entity pools (quantity)
(e

P@T .
m  Unambiguous

m Mechanistic

m Sequential

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

Process diagrams Entity Relationships

entity

diagrams
l (truth)
-
f € Nfluence

.

|

¥
K

m  Unambiguous

= Unambiguous

| lesEie m Mechanistic

J =gk ® Non-sequential

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

Process diagrams Entity Relationships Activity Flow

diagrams diagrams

u0126
M

|

¥
K

T

.
m m MEK aCt|V|ty
.
élnﬂuence
Iliiill ERK
® Unambiguous = Unambiguous = Ambiguous
= Mechanistic =  Mechanistic = Conceptual

= Sequential = 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

u0126
S T w0126 l
N P@
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m  Unambiguous

m Mechanistic

= Unambiguous ®  Ambiguous

m  Mechanistic m Conceptual

= Sequential = Non-sequential | ®= Sequential

m 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,
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