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Graphs are everywhere in biology
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amplificaion in fie NSCLC samples as well suggests that ihis
‘may play m essential role in the develapment of lung cancers
{Gamnis ef al, 2006).

It is nowwanhy that a subsst of the genomic simiarities
between the SCLC and NSCLC cel lines could be the result of
adptation to culturing conditions. Cheing to this, the greatest
insight i the biology of the clinical dissase will be amainatle
thraugh malpsis of differences (rather than their similarities) in
genomic alteraions and gene regulaian.

Regions of difference
Through aur analysis, numerous regians throughout the gename
were determined fo be diferentially altered hetween the SCLE and
NSCLC samples. This difference-hased agproach compansates for
mandam cdl culturing arteficts and should Hemtify the regians
most sirangly finked to clinical disease. These regions ranged in
sias from whale chramasames {chromasome 21} to discrete peaks,
Kikabases i size {1q27.1). Using our sringent, multinep criteria
(Fisher's muact tes fallawad by additinal reshabding). we detec
ted several regions @at differed strongly in thar aheration status

betwaen the call types, we refir 1o thess as phanatype. spec\hc ey
numise akieratims (PSCHAs) These induded 1pt 43

:\
2

L '{' @‘?‘ SBW  Preference Help |

BRI B R EEETETEE
e o Pl e et AR
3

Laching i e

H“ L [ -1 H H,OH B rad fary
MANNOSE M frucion FRLK
SOMERASE inlolarancs

KEGG PATHWAY: Citrate cycle (TCA cycle) -

Q e @ @ ‘% http://www.genome.jp/dbget-bin/get_pathway?org_name=hsa&mapno=00020

| citrRatE cvoLe (TeacverE |

Homo sapiens (human) - SeaMonkey

cis-Aconitate

Phosphosnol-
pFrUFaE in
______ Glycolysis !
——_—
C— P[ Gluconeogenssis ]
Faity acid biosynthesis 4—————-\ i
| =1
Fatty acid elongation in mitochondria <3 ——— ‘ 1271
NSCLC-specific tumeur supressortargst
¥al,Leu& Nedsgradation S ————, | * Gritical ncda waldwizd by AT-PCA
L
Fary arid mewbolism 7777ki::::430 zatizwo 1241
Acetyl-Cod B-Aceryldihydo-
Alanine and sspartate | lipaamide-E
metabolism | O 1314
| Diihgdro- Lipoamide-E
Glyoxylate and dicarboxslate |4 lipoamide-E
metabolism {
V" | 233l [z0cifrats
11.137 -+ 4213 O 4213 Qut——
Qaloacetats 23.38

IPTETY!
4.1.36

(8Tl © 1114

Oxalosuceinate O 1

Succinyl-Clod gil?‘;‘lf,}g
Od———»0 [zatel]—) 1242 -

ey 3-Clarbony-
dmydrohpoamie E 1-hoM poxypapyl-ThER e ASCU{‘]EE""- and alderate e
metabolizm

e [

]Jpnam]r]eE VR
27

—_————

| Grid Snap OFF

00020 SE09

(c) K-anehisa Laboratorie:

EMBL-EBI

10™" Biopathways meeting, 27 June 2009




BGN Ambiguity of usual representations

X—»Y
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BGN 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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BGN 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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BGN: Ambiguity of usual representations

X >\ X inhibits Y
_..
is transformed into _
_..
translocates (X "="Y)
------- >
is degraded into
o>
associates into
—=>
dissociates into
—®
stimulates the activity of
d —
stimulates the expression of .
|
catalyses the formation of inhibition
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BGN Can-this be understood by biologists?
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BGN Can-this be understood by biologists?
~, G

Stimulates? but/.
what exactly?

Ublouitiggfion 2 y 1Y Stimulates gene

Associates into? e = Al \ TR transcription?

\ .' '-..Rb!?@__ ) @

Nucleus

.= | CyclinE N
\ : G1
; et ( W Is degraded?
o ) . h&aﬁon

Translocates?

No idea. Reciprocal
stimulation? =
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BGN Every engineer understands that

Flit) C R
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BGN Why can-we understand electric diagrams?

m Standard symbols

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

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

End-users: manufacturers
Tool developers
Publishing industry

Teaching communities

EMBL-EBI
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@BGN What did-those diagram bring?

RO
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\@GN\ What do-we expect in modern (future) life science
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@GN

Enters
The Systems Biology Markup Language

http://www.sbgn.org/
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BGN 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

10" Biopathways meeting, 27 June 2009 EMBL-EBI
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BGN 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

= 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

10" Biopathways meeting, 27 June 2009 EMBL-EBI



BGN Graph trinity: three languages in one

Process diagrams Entity Relationships Activity Flow

diagrams diagrams

MEK

m

ERK

= Unambiguous
®  Mechanistic ® Unambiguous ® Ambiguous
m  Sequential m  Mechanistic = Conceptual
m Subject to m Non-sequential | ® Sequential
combinatorial
explosion
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BGN 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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\OGN} Three orthogonal projections of biology
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BGN 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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{QGN;\ Process Diagrams are bipartite graphs

4 )

entity
node

\. J

< connecting edges

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

CE >
52

S3
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\@GN\ SBGN Process Diagram L1 reference card

e N N [ N A
Entity Pool Nodes Auxiliary Units Process Nodes Connecting arcs
>‘D‘< process E— consumption
@ unspecified entity —pre:labell— unit of information
omitted process _IEL» production
simple chemical state variable — ‘
>—|z|—< uncertain process O | modulation
LABEL L —> Ta;%Et stimulation
LABEL macromolecule >—.* association
clone marker
ABE —20 facest catalysis
——(:)—< dissociation
LABEL |nucleic acid feature
g J Target fn it
j \ \ —| pd inhibition
observable
Target . .
N ) 4H> PN necessary stimulation
perturbing agent LABEL LABEL ;
Container Nodes —
ogica R
multimers — logic arc
o] LABE
source (N:2] [N:2]
sink @ LABEL compartment @— equivalence arc
\_ J
s N
e J Logical Operators
Reference Nodes
and operator
a [ee>
A pLABEL LABEL @ or operator
<]
tag
complex submap not operator
N J § y,
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BGN Entity Pool Nodes

4 N ™
Entity Pool Nodes Auxiliary Units Process Nodes Connecting arcs
',,,}“D‘/\ process consumption
@ unspecified entity pre:labell— unit of information
o omitted process —EL’ production
-~ B
simple chemical SRR ARG Target ;
7} uncertain process — | skl
LABEL o > Target stimulation
LABEL macromolecule w ';';:'f".‘ association PN
clone marker et
. argel :
. o _O ehe catalysis
——©r<— dissociation
LABEL |nucleic acid feature )
phenotype
Target - "
J 4H> N necessary stimulation
perturbing agent LABEL || LABEL
Container Nodes e
| .
multimers — logic arc
ol LAB
source [M:2]
sink LABEL I compartment LABEL equivalence arc
i J

Logical Operators

Reference Nodes

T

tag

and operator

or operator

complex not operator

b6
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BGN Process Nodes

i N oy e Y
Entity Pool Nodes Auxiliary Units Process Nodes Connecting arcs
o 5 ‘/’
/>'D‘\ process [N consumption
@ unspecified entity || —pre:labell— unit of information
. 4 ] .
omitted process —EI-» production
o 5
simple chemical sttt vizble N - e )
/\'IE‘K uncertain process || ————< | IGEL S on
[ LABEL s L —> Target stimulation
LABEL macromolecule W /—/“'— association PN
clone marker
BE - —20 Ta;?ft catalysis
8- dissociation
o
LABEL |nucleic acid feature
>~ / — | o inhibition
.
" 4’-[> Trase necessary stimulation
PN
perturbing agent LABEL LABEL
Container Nodes T
i agica i
multimers — logic arc
LAB
source
sink compartment E—- equivalence arc
p. -/
r R

Logical Operators

P

and operator

LABEL >

tag

or operator

m%m
e

not operator

b6

complex submap
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BGN

Edges

P
Entity Pool Nodes

-

Auxiliary Units

Y.
Process Nodes

Connecting arcs

"D\ process i consumption
@ unspecified entity || —pre:label— unit of information
W< omitted process —LT—L' production
@ simple chemical R aritle o - Target ;
’»-El-\ uncertain process — | B modulation
LABEL ol e _.D. Target stimulation
LABEL macromolecule W —’“.‘ —  association PN
clone marker
ABE o —0 o catalysis
Or<— dissociation
LABEL [nucleic acid feature )
N J 4| np"?ft inhibition
phenotype
Target . .
—|-[> necessary stimulation
PN
e — LABEL “ LABEL || -
Container Nodes e
: ogica :
multimers logic arc
LAB
source (N:2] 2]
sink ' LABEL I compartment E— equivalence arc
— / Logical Operators
Reference Nodes
and operator
a
3 A SLABEL LABEL > @ or operator
G
tag
complex submap not operator
o S
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BGN: Syntax definition

T %
E kS 5 | &
< | 8% S, £ 5 g
S|l E|S = e | = S I S
= w = 3] hé = w g = = S-. =
S= & | & 3 s R = == |8 = 2
El S | & g I S = =N Are\ PN Tl E|T 2 3]
Are\EPN | 2|2 | 8|53 |2 S|5|2]|¢ Ares 1R8] 8] 8 | ~ -
‘ SISl Z|3|E S s 2|52 SE15|1s] 2] 2| 5] s 2
Sl S| eS8 8|8 |2 — ~
consumption r{r(1|1|r1jIl I consump szon ©Ol010] O |0(1)
production O[O ]O|]0O0]10|O0O O production I 1] 1)I(1) !
modulation T T T T I T I 11 T 10O modulation 010 |0 I(1) | I(1y | I(1)
stimulation | T[T | 1 |1 ]| 1|1 T [0 stimulation | O | O | O I(1) | I(1) | I(1)
catalysis T[T |1 [1]1 K catalysis 0O10]0 I(1) | I(1) | I(1)
inhibition I[T [T [T]T][1 I]0 inhibition 0100 I(1) | 1(1) | 1(2)
trigger I |1 |1 |1 (1[I I O trigger 0O]O |0 (1) | (1) | I(1)
logic arc I |1 |1 |1 (1[I logic are O O | Of(1)
equivalence are | 1T | T | T | T | T | 1T |0 O equivalence arc
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BGN

—

wrong

.

-

Layout constraints

wrong

correct

correct

BN

]

wrong correct better
wrong correct correct
wrong correct correct
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BGN: Metabolic network

. -6P phospho
hexokinase glucuseﬁ 3 aldola
isomerase fructokinase olase

L glucose L ructose i ructose
/“ G N "'/“\""

oL ?

\ -
T
s

®
—
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@GN Signalling pathways
e extracellular

IGF
— =
cytosol

,l. =, MARK

v,
gena
transcription
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BGN

I1GF

IGFR

IRsS1-4 ]

IGF

> IGFR

\

-

IRS1-4 [#)
T

[l

Gribz

[<t+—

iy

- MAPK
m RAS ascade
L ative

ERK

-

Submaps

extracellular

cytosol

\ .

c-Fas ()

Loy

\

/-

gena
transcription

)
I L
L
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Submaps

e >—{ )
|
GG
/N S
()]
Cactive D

[10—
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multi-cellular
processes

synaptic
vesicle

synaptic cleft

catalytic processes

transport processes

contractile proteins
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BGN: All those diagrams are identical

>

-©
@)

© @0\/@
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BGN SBGN Entity Relationships L1 reference card

Entity Nodes Relationship Nodes
- Y ™ g N 2y
Interactors Auxiliary units Statements Influence
——>» assignment — < modulation
LABEL entity pre:label unit of information

interaction —[> stimulation
outcome -- state variable

"y
k |D necessary
—O— existence stimulation

perturbing agent

i e 1

Non-interaction absolute

) : —>
® location stimulation

' ™y
Logical Operators

and operator observable
reference nodes

or operator

—l inhibition
I absolute
inhibition

LABEL annotation CI logic arc

not operator

delay operator

-
L

10" Biopathways meeting, 27 June 2009 EMBL-EBI



BGN

Entity Nodes

Interactors

LABEL entity

L 2

Logical Operators

@
@

outcome

—=3 and operator
-3 or operator

4.— not operator
@ delay operator

Auxiliary units

pre:label unit of information

state variable

variable

existence

_O_
®

location

reference nodes

annotation

LABEL

Relationship Nodes

SBGN Entity Relationships L1 reference card

. N
Statements Influence
— assignment — modulation
interaction —[> stimulation
|[: necessary
stimulation
Non-interaction absolute
I: E stimulation
4| inhibition
observable
I absolute
inhibition
L vy
logic arc
continuants -
’

things that exists (or not)

10™" Biopathways meeting, 27 June 2009
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BGN SBGN Entity Relationships L1 reference card

Entity Nodes Relationship Nodes
- ~ -~ -, e,
Interactors Auxiliary units Statements Influence
————3= assignment _ modulation
LABEL entity pre:labell— unit of information

interaction —[} stimulation
outcome —— state variable

J
) |D necessary
—O— existence stimulation

perturbing agent

LRl

Non-interaction absolute

i ) : —>>
p Y ® ' location stimulation
Logical Operators L )
4| inhibition
_;:;~ and operator observable
reference nodes
" absolute
inhibition
\“ or operator

LABEL j annotation = e
4.— not operator
" occurrents,

delay operator events that may happen (Or not)
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BGN Entity Relationships can be viewed as rules

A

10" Biopathways meeting, 27 June 2009 EMBL-EBI



BGN 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

10" Biopathways meeting, 27 June 2009 EMBL-EBI



BGN 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)

10" Biopathways meeting, 27 June 2009 EMBL-EBI



BGN 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

10" Biopathways meeting, 27 June 2009 EMBL-EBI



\QGN\ Multistate and combinatorial explosion

targetl

target2

target3

targetd Process Diagram:

p— “once a state variable value,
targetd always a state variable value”

|

target6

|

22 = 4096 states

(i.e. EPN glyphs) for EGFR
target8 and 4096 complexes between
EGFR and targets

EGFR

target?’

|

|

target9

|

target10

|

targetl1l

|

target12

|
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BGN: Example of Entity Relationships map

/-mt:prot
N /<}D PPasej
\_
T\ OR
I T
cis N~ y > mt:ion
) rans P@T286 T306 Ca2t J

I — CaMKIlI trans
<
-+ - mt:prot

CIS

@
I
1]
|
b

cis

GluR £

mt:prot cis — — *— v { CaM j
mt:prot

iIncreases synaptic weight

decreases synaptic weight
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BGN SBGN Activity Flow L1 reference card

Activity nodes Modulating Arcs

[> Ta;%et positive influence
4| Ta;ﬁ‘et negative influence
S Ta;ﬂet unknown influence

perturbation 4H> Targe necessary stimulation

LABEL biological activity

phenotype

4 )
Auxiliary Units (" Logical Operators h

d t
LABEL macromolecule @ and operator

or operator

N {or
/N
® not operator

LABEL —— genetic — — delay
\ J

simple chemical

i

§

Container Nodes
unspecified
oo LABEL
compartment
LABEL complex
N J
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EGF

| Example
of Activity
Flow map

extracellular

—

ErbB3
/' c-5rc RasGAPL

/AN I
N

v I

FIZK 1la Raf-1
13,

PI3,.4,5P3 \ MAPKE
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BGN TIMTOWTDI
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[:QGN\ TIMTOWTDI

EGF

GO:0005006
EGFR activity

EGFR
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BGN TIMTOWTDI

EGF EGF
l UniProt:POO533
EGFR human
GO:0005006 GO:0005006
EGFR activity EGFR activity
EGFR
RAS RAS
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BGN

EGF

GO:0005006
EGFR activity
EGFR

EGF

UniProt:POO533
EGFR human

GO:0005006

l

EGFR activity

EGF

l

GO:0048408
EGF binding

EGF
binding

l

GO:0004a714
TM receptor tyrasin
kinase activity

T~

EGF
TK

TIMTOWTDI

EMBL-EBI
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BGN TIMTOWTDI

EGF EGF

EGF EGF

UniProt:POD533
EGFR human

UniFrot: POO533 =,
EGFR hurman - ! GO:0048408
EGF binding EGF EGF binding EGF
binding binding
GO:0005006 GO:0005006
EGFR activity EGFR activity
EGFR
UniProt:POO533
EGFR human
GO:0004a714 GO:o00dT14
TM receptor tyrasine F THM receptor tyrosine
kinase activity EG kinase activity EGF
TK TK
RAS RAS
RAS RAS
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BGN Software support for SBGN PD L1

m  Arcadia (MCISB, Manchester, UK) http://arcadiapathways.sourceforge.net/

m  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/

m CellDesigner (SBI, Tokyo, JP) http://www.celldesigner.org/

m 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

Biopathways meeting, 27 June 2009 EMBL-EBI
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BGN 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
m 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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BGN! 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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(. A Visual Notation for Network Diagrams in Biology

SBGM.org is the global portal for documentation, news, and other information 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 @ transmission of biological knowledge between different research communitias in the
expanding field of systems biclogy. Motations traditionally used by researchers and
@ software have been informal, idiosyneratic and highly variable, Until SEGHN, 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 unambiguously,

SBGN 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, SBGN 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
engineers are familiar with the notation of circuit schematics, If researchers 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 SBGH, read
Process Diagrams Level 1 the SBGM specification documents |, join online discussions, see current working
specification is out! Download documents in the SEGHN wiki, and much more,

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

: generous support of multiple oraanizations over the years, for which we are very
thanlkful,

(Locked) | Watch page | Page History | Wpload file | File list | Page list | My watchlist
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