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Biochemical pathways are old

Gortner (1949)

Glycogen
+
Phosphate
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“Hand drawing” on paper
— no software-based browsing, processing and analysis
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Biochemical pathways are old

Gortner (1949)

Glycogin
Phosphate
i Lactic acid

Glucose-1-phosphate Pyruvic acid

Glucose Glucose

+

Phosphate l 2-Phosphopyruvic acid v

Glucose-6-phosphate ATfP Co.l
ADP 2-Phosphoglyceric acid Col:H,

Fructose-6-phosphate

3-Phosphoglyceric acid

Phosbh l

Fructose-1,6-diphosphate
1,3-Diphosphoglyceric acid

1-Phospho- 3-Pt hoglycer
dlhydroxyacetone aldehyde

— > 1,3-Dipt lyceraldehyde

Phosphate

Nicholson (1970)

or not so much

ASPARTATE TRANSAMBALE

Michal (1984)
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e 1990s: high-throughput data generation — Large amount of knowledge
Increase in computing power — automatic reconstruction, browsing

and analysis

e Databases: EcoCyc (1994), KEGG (1995), Reactome (2000)
e Formats: BioPAX (2000), SBML (2000), PSI-MI (2002)

(3

Babraham )
Institute




i

P =

=3 \

\

22 T S

T " 1
T
P

s

- T
o S r TPt

==

http://vmh.uni.lu

UNDERSTAND

Metabolic networks




GPCE-mediated transactiva tion

e [ [~ ||
- rey an -

— <y

endocy tosis

MAPK cascade

Frmrver v T pE ]

UNDERSTAND
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Davidson et al. Science (2002)
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 Survival
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Liu et al (2009) Nat Rev Drug Discov C U I a E
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The ubiquitin pathway

The mitochondrial pathway

o-synuclein Proteins
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The ubiquitin pathway

The mitochondrial pathway
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systems
medicine
disease
maps

ABOUT
PROJECTS
GUIDELINES
PUBLISHED MAPS
TOOLS

EVENTS

GET INVOLVED
CONTACT

Welcome to the portal for communication, news, guidelines, and other information about the
Disease Maps Project, an effort to comprehensively represent disease mechanisms for
various diseases.

Upcoming events

The second Disease Maps Community Meeting is scheduled 2-3 October 2017 in Belval,
Luxembourg, as a satellite event before the Impact of Big Data Analytics on Healthcare
conference 4-5 October 2017.

What is a disease map?

A systems medicine disease map is a high-quality expert-approved representation of disease
mechanisms, a conceptual model of a disease. The detailed layer consists of interconnected signalling,
metabolic and gene regulatory pathways stored in standard formats such as SBGN, SBML and BioPAX.
The involvement of domain experts (clinicians and biologists) ensures that all the disease hallmarks are
covered and relevant knowledge is adequately represented.

What are the disease maps for?

In translational medicine projects disease maps are used for advanced ‘omics data interpretation and
hypothesis generation, as the basis for mathematical models, for predictive analysis and for building
clinical decision support systems (CDSS). The maps can be used for educational purposes as teaching
aids.

The community

The Disease Maps Project is designed as a large-scale community effort. It is a network of groups that
work together in order to better understand disease mechanisms. We exchange best practices, share
information, develop tools to make it easier for all the involved groups to achieve their goals.
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Ambiguity of usual representations

X—»Y




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




Can-this be understood by biologists?

R

N\ —
Ubiquitimation .
lin '~ ’ .
{%. %1 ' 2 Replicative
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A




Can-this be understood by biologists?

-,

Stimulates? bu
what exactly?

Stimulates gene

Associates into? transcription?

Is degraded?

gation

Nucleus

Translocates™

No idea. Reciproc
stimulation?




Ambiguity of usual representations

X inhibits Y




Ambiguity of usual representations

X inhibits Y

inhibition

;




Figure 1 WNT signaling: a simplified
view. In the absence of WNT, the WNT signaling inhibition WNT signaling activation
amounts of f-catenin are low, except

in adherens junctions, because [@ ‘ﬂ::;git* W?:’E:m&“]’ﬂ
of its constitutive targeting by a o

multiprotein destruction complex WNT %,.{(N @

(left). The tumor suppressors axin BaquUesinetion

and adenomatous polyposis (APC) LAPS/6

bring B-catenin to GSK-3p and casein LRP4 Kremens ~ M-cadherin = o
kinase 1 (CK1) (not shown), resulting ' FZD b

in its phosphorylation (Ps in circles) —i|

at specific serine/threonine residues , =

(left). Phosphorylated p-catenin is o -

then targeted for polyubiquitination L mmm Inm;lg;%m inmn

(Ub) (predominantly by the E3 ligase
B-TrCP) and proteosomal destruction.
T cell factor/lymphoid enhancer factor
(TCF/LEF) transcription factors are
repressed by Groucho in the nucleus.

fi-catenin
stabilization

@ (f JNK RHO
ED G
(ﬁ:—:alanln

Binding of canonical WNT ligands to ca?* iy n.
a dual receptor complex comprising — release
the WNT co-receptors LRPS or LRP6 B-TrCP Multiple Cell movement

functi d tiss ol
(LRP5/6) and one of the seven upeo o P

transmembrane receptors of the FZD
fz_imily_ {right}_ initiates WNT—-catenin f-catenin QQO [ ]
signaling. Axin moves to the LRP5/6 degradation ™ o o
tail at the membrane through its

interaction with dishevelled (DVL, ¥ Bone formation % Bone formation } Bone formation

also called DSH), which is recruited 4 Bone resorption % Bone resorptian

by FZD (right). This forms a complex

that also includes FRAT1 and GSK-

3P, which prevents phosphorylation of

p-catenin and its proteosomal degradation. ff-catenin accumulates in the cytoplasm and translocates into the nucleus, where it associates with members
of the TCF/LEF transcription factors while displacing Groucho to control target gene transcription. WNT signaling is modulated not only through fine
tuning by a large number of WNT ligands and RSPO proteins and norrin (right) but also by extracellular antagonists such as DKK1, SOST and Wise, which
bind LRP5/6 (left). Their antagonism is mediated or enhanced by receptors such as Kremen proteins and LRP4. In addition to sequestering B-catenin,
N-cadherin also inhibits WNT-B-catenin signaling by interacting with LRFP5 (left to right). In contrast, secreted frizzled-related proteins (SFRPs) and WNT
inhibitory factor 1 (WIF1), which have ligand specificity, inhibit WNT signaling by directly sequestering WNT ligands and inhibiting both canonical and
noncanonical WNT signaling (left). The PTH1 receptor can also activate the pathway in the absence of WNT ligands by forming a complex with LRP5/6
after PTH binding (right). In the WNT-PCP pathway (right), WNT binding to FZD also recruits DVL, which forms a complex with dishevelled associated
activator of morphogenesis 1 (DAAM1) to trigger activation of the small G protein RHO, which in turn activates RHO-associated kinase (ROCK).
Alternatively, DVL forms a complex with RAC, resulting in Jun kinase (JNK) activity. The WNT-Ca2+ pathway is activated by WNT5a binding to FZD and
receptor-tyrosine-kinase-like orphan receptor (ROR). Intracellular calcium concentrations increase after WNT-induced coupled G protein activation of
phospholipase C (PLC), resulting in dystroglycan 1 (DAG) and inositol 1,4,5-trisphosphate, type 3 (IP3) generation and cyclic GMP (cGMP)-specific
phosphodiesterase (PDE) decreasing the amount of cGMP. NFATc1, nuclear factor of activated T cells, cytoplasmic, calcineurin dependent 1; PPAR-y,
peroxisome proliferator activated receptor-y.

PPAR-y RUNX2 NFATci
(in osteoclasts)

Debbie Maizels
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Every computer scientist understands those
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Every physicist understands this




Every engineer understands that
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The Systems Biology Graphical Notation

A tool to graphically describe and unambiguously interpret biochemical
and cellular events

Limited amount of symbols = Smooth learning curve

Can represent logical or mechanistic models, biochemical pathways, at
different levels of granularity

Detailed technical specification, precise data-models, standard API and
growing software support

Developed over ten years by a diverse community, including biologists,
modellers, computer scientists etc.

8GN




Interaction

Reaction




Different granularities of a pathway

Growth FActors,
Mitocgenas, GPCR

|  No temporal sequence

A-Raf, B-Raf, c-Raf, : : .
Mes, Tpi2.  No directionality

| * No biochemical effects
MEK1/2

e No mechanistic descriptions




Growth FActors,
Mitcganas, GPCR

A-Raf, B-Raf, c-Raf,
Mos, Tpl2

Mitogen  [177 7710000
receptors |44 sbedsdi

Directionality of influence
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Growth FActors,
Mitcganas, GPCR

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

Mes,

Tpi2

MEK1/2

Mitogen  [177 77T ANT
,..::.m P

MAPK-path
(ERK1/2)

Elk-1f
c-Fos

&=

Directionality of influence

Directionality of effect
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Growth FAclors,
Mitcganas, GPCR

A-Raf, B-Raf, c-Raf,
Mos, Tpl2

MEK1/2

o L

308 [

W

_____ij:_____

\
+-
1

It.

Mitogen 177 RRRT AN
,..,;:n:'m P

MAPK-path
(ERK1/2)

e Directionality of effect

* Biochemical effect

e Directionality of influence
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One notation - three languages

process descriptions

directed [V]
erk sequential [V
0

mechanistic [¢]

%,
_H%

entity relationships activity flows

@ directed [V]
ubc9 > sequential [X

mechanistic [V]

sequential []

c-fos mechanistic




Functional descriptions: the Activity Flows

m | ogical modelling

m Signalling pathways, gene regulatory networks

ubc9 —| elk-1 [<— erk

directed

v sequential

XEE

c-fos mechanistic [X




http:/lIwww.genome.jp/kegg/pathway.html
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http:/lcgap.nci.nih.gov/Pathways/BioCarta.org
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SBGN Activity Flows L1 reference card

Activity nodes

LABEL
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TIMTOWTDI
(There Is More Than One Way To Do It)

EGF

G0:0005006
EGFR activity

N

EGFR




EGF

UniProt:P00533

EGF

v EGFR human
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Puting in mechanisms: describing processes
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A biochemical reaction Is a process




A biochemical reaction Is a process

m— szDQ

— Reconstruction of state variable evolution
from process descriptions:

Processes can be combined in ODEs (for deterministic simulations);
transformed in propensities (for stochastic simulations)

Systems can be reconfigured quickly by adding or removing a process




SBGN Process Descriptions

directed
erk sequential
®

mechanistic

Process modelling
Biochemistry, Metabolic networks

Generally within “closed world”

Subjected to combinatorial explosion




Open world

Anything not explicitly stated is unknown
Failure to observe does not imply non-existence

New pieces of knowledge do not affect prior pieces

Closed world

Anything not explicitly stated does not exist
Failure to observe implies non-existence

New pieces of knowledge might change the meaning of prior pieces
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Activation of NMDA receptor upon glutamate binding and postsynaptic events [Schizosaccharomyces pombe]
Activation of MDA receptor upon glutamate hinding and postsynaptic events [Saccharomyces cerevisiag]
Activation of MNMDA receptor upon glutamate binding and postsynaptic events [Caenorhabditis elegans]
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Metabolism in SBGN PD

' -6P phospho
hexokinase glucose-6 .
isomerase fructokinase aldolase

@ {} \ . glu§;:se n > ru;tl;:rse 'S \ >

QL
i ~\ T \T @

trinse-F
IsOMmerase

Babraham
Institute




Signalling in SBDG PD
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Variable granularity

AB { >

3

8
©

3
=

0
}ﬂ .
(e}




& ©

v

© @@/\@

G@ﬂ\/ﬁ

All those diagrams are identical

o
-©
-®




- i M

4
REACTOME =&

% Event Hierarchy: @ @ @

© % ¥ catcyve Reactome
® =% Y Cell-Cell communication

® % M Cellular responses to external stimuli

Homo sapiens

® =% Chromatin organization
® =% Circadian Clock

® = Developmental Biology

® =5 N Digestion and absorption

® =%, U # Disease

® < Y pNa Repair

® =% DNA Replication

® <1 Y Expracellular matrix organization

® =5 Y Gene expression (Transcription)
® % Y Hemostasis

® Immune System

= H.v

S AN \ietabolism of car

bohydrates
® =% Digestion of dietary carbohydrate
"™ CHIA hydrolyses chitin
P CHITL hydrolyses CHIT to 3xADGF
® =% Y Hexose transport
© =% ¥ Glucose metabolism
® =5 Y Giycolysis
® = Gluconeogenesis
P Exchange of alpha-ketoglutarat
® v Glycogen synthesis
® 5 U Glycogen breakdown (glycog
b ADPGK:Mg2+ phosphorylates €
F* GNPDAL,2 hexamers deaminat
F* BPGM dimer isomerises 1,3BPC
® % Fructose metabolism
® % Laciose synthesis
® =% Y Galactose catabolism ¥y Molecules Expression
® %, Y pentose phosphate pathway (he [ <, Metabolism of carbohydrates ][ Species: Homo sapiens ]
® 5-Phospharibose 1-diphosphate bi

Stable Identifier
& ‘g Glycosaminoglycan metabolism R-HSA-T1387.5

® =% Catabolism of glucuronate to xylulc Summation

® Lysosomal oligosaccharide catabo
These pathways together are responsible for: 1) the extraction of energy and carbon skeletons for biosyntheses from dietary sugars and related molecules; 2) the short-term storage of gluc

® 1 U |nositol phosphate metabolism from pyruvate during extended fasts.
® 1 Y Metabolism of lipids
— . o - I Viows ™ awvant in




+

Q ¢ ¢

SEARCH DRUG CHEMICAL PR MA OVERLAYS -

Glycolysis

SEARCH:

EECTI C = =) ]

[l PERFECT MATCH e e > 5 PF < D s

«» 44 e

(= (=] L= [ ]

e
L beta-D-ghucase & phasphate H beta- D fructadurancse - phasphate

e
o
| ¥,
______________ o}
LT e S T e =
I g s ﬂ Bt De-dructbodurancs e 16- s phos phate

| THmO e | |nuln:l:lm-l|

1 1 -
L . __ Ha
_-

= B ok et
Ellc =
i ]

Parkinson’s | awon |

Disease map m’
P © g ycerey iy e >
= L =

! - 3 phwces phanatos D ghycerate] 3: |




A ReconMap 2.01

Q @ v

SEARCH DRUG CHEMICAL MiRMNA OVERLAYS

SEARCH:

enter keyword Q

] PERFECT MATCH

L

v

L
b

Recon map

),

MANUAL EXPORT




File Edit Data View Plugins Help

Zoom:162.9%

Mo Visualization |v|

MKKK_P

Data | Search [ SBGN | SBML | Legend |

Objects r Properties r Backpage

Entity Pool Nodes

MAPK_PP

[4]

‘g |

Language: |process description |v|

ol O O] 9] o = @

Process Modes

o [« [ = @

‘| Arcs

Logical

§§ Containers and annotations

O] B B B] [B]

Templates

I:'D

PathVisio

| Gene database: null | Metabolite database: null | Interaction database: null



File Edit Component View Database Layout Simulation Plugin Window 5BW Preference Help

EH e & 8 &

DKo 3D s o 0O 0 e [

R = =

o Dk ol & G0 ® 2 2 0

¢ B

= B E B B = @E@E[!‘_ﬁj&] W2
WU T Y 8 e

e i T IR T I S S

=]

l

b3

¥ Model
» Compartments
* Species
» Reactions

BIOMDUUUUUUUU‘IU.XI‘H[*‘

v Layer
base

| Grid Snap OFF

Species| Proteins | Genes

RMAs | asRMAs | Reactions| Compartments | Parameters | Functions | UnitDefinitions | Rules | Events | 5f 4 »

Edit | | Export

|class |lid ||name ||species... |[comp... ||positi... |included |quan... [initialQuant... | su... |has... |[b.c. ||c.. |
PROT... [MK... [MAPKKK uvol inside Conce...|90.0 False |False|fa...
PROT... [MK... [MAPKKK-P uvol inside Conce,..[10.0 False [False|fa...
PROT... [MKK |[MAPKK uvol inside Conce...|280.0 false |false|fa...
PROT... [MK... [MAPKK-P uVol inside Conce...|[10.0 false |false|fa..
PROT... [MK... [MAPKK-PP uvol inside Conce...[10.0 False |False|fa...

C

-

-

NOTE | MIRIAM

Edit Motes

IDesigner

R

==
T @
3



File Edit Mapping MNetwork Window 2
s BB ¥ kA 9 @B @6 W oa m e s 5

Layout | Analysis | Attributes |
Pathways | Experiments |/ -7 SBGN-ED |_

PD | ER | AF | Bricks | Tools | Examples |

[»

Process Description

| Apply Changes | Set Type of Map to PL

| Clear Glyph Labels | Clear Arc Labels

+ Glyph Label

+ Entity Pool Nodes

MAPKKK

Oud

+ Auxiliary Units

Units of Information Add
State Variables Add
Clone Marker []Add

MAPKK

MAPKK-PP + Container Nodes

=

+ Reference Nodes

¥ Process Nodes

|

° ® -

+ Connecting Arcs

— —> | —

[

MAPK MAPK-PP

(]

19
node

25 345 ME
edges 1ES

Vanted /“é’

Babraham )
Institute




Entity Relationships

directed
sequential
mechanistic
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Rule-based modelling
Molecular Biology
“Open world”

Independent rules: no explosion




Molecular Interaction Maps
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SBGN Entity Relationships L1 reference card

Entity Nodes

Relationship Nodes

Interactors

LABEL | entity

nested

LABEL LABEL .
entity

. outcome

Logical Operators

and operator

or operator

not operator

delay operator

cYofo¥o

-

perturbing agent
p

Auxiliary units

pre:label unit of information

variable state variable

> o [§ [

Statements

—_— assignment

interaction

phenotype

Reference Nodes

existence
location
.
-
variable value
\_

annotation

-

Influence

DN
—
—>
—D>
—
e

modulation

stimulation

necessary
stimulation

absolute
stimulation

inhibition

absolute
inhibition

logic arc
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SBGN Entity Relationships L1 reference card

Entity Nodes

Relationship Nodes

e

Interactors

LABEL

entity

LABEL nested
entity

outcome

o

r~

Logical Operators

and operator

or operator

not operator

delay operator

7

“

perturbing agent

3 : 7 (
Statements Influence

) — assignment 40 modulation

'

.

Auxiliary units

pre:label unit of information

state variable

existence

location

interaction —[> stimulation

“: necessary
stimulation

D D absolute
stimulation

—| inhibition

Reference Nodes

—H absolute
o inhibition

-

“

value variable value

7

"

ﬁ annotation - logic arc

P

continuants,
things that exists (or not)
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SBGN Entity Relationships L1 reference card

Entity Nodes

p

N N
Interactors
perturbing agent
\_ J
LABEL entity
4 ™
Auxiliary units
—
LABEL |LABEL | nested
entity
pre:label unit of information
. outcome
) variable state variable

-

Logical Operators

SH O O

and operator

or operator

not operator

delay operator

existence

location

i[e s 0 B

value variable value

Relationship Nodes

Statements

H

assignment

interaction

phenotype

Reference Nodes

annotation

Influence

—<

modulation

stimulation

necessary
stimulation

absolute
stimulation

inhibition

absolute
inhibition

logic arc

occurrents,
events that may happen (or not)




Entity Relationships can be viewed as rules

A




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




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)




Entity Relationships can be viewed as rules

= F

V

B C

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




Multistate and combinatorial explosion

/

EGFR

|

targetl

|

target2

|

target3

|

target4

|

target5s

|

target6

|

target7

|

target8

|

target9

|

target10

|

target11

|

target12

|

Process Descriptions:
“once a state variable value,
always a state variable value”

2% = 4096 states

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




Regulation of synaptic plasticity by calcium

mt:prot

trans d[; cis + “>T OR
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SBGN AF SBGN AF
L1V1.0 L1V1.2
04-SEP-2009 27-JUL-2015
SBGN ER SBGNER SBGNER SBGN ER
L1V1.0 L1V1.1 L1V1.2 L1V2
03-SEP-2009 06-OCT-2010 14-APR-2011 08-AUG-2015

SBGNPD SBGNPD SBGNPD SBGN
L1V1.0 L1V1.1 L1V1.2

PD

L1V1.3
15-AUG-2008 02-SEP-2009 03-OCT-2010 14-FEB-

2011

—_—

Decision to
Create SBGN SBGN 3 SBGN5 COMBINE HARMONY HARMONY
OCT-2005 SEP-2007 SEP-2009 SEP-2011 MAY-2013 APR-2015
Tokyo Long Beach  Stanford Heidelberg Farmington Wittenberg
SBGN1l SBGN 3.5 SBGN55 HARMONY COMBINE COMBINE
FEB-2006 JAN-2008 APR-2010 MAY-2012 SEP-2013 OCT-2015
Tokyo Okinawa  Wittenberg  Maastricht Paris Salt Lake City

SBGN2 SBGN4 COMBINE COMBINE

OCT-2006 OCT-2008 OCT-2010 AUG-2012
Yokohama Rostock Edinburg Toronto

SBGN 2.5 SBGN 4.5 HARMONY SBGN 9

MAR-2007 APR-2009
Heidelberg Waiheke

APR-2011 MAY-2013
New-York Edinburgh

HARMONY HARMONY

APR-2014 JUN-2016
Manchester Auckland
COMBINE COMBINE
AUG-2014 SEP- 9
Los Angeles  Newcasl



E?xml version="1.8" encoding="UTF-8"7>
<sbgn xmlns="http://sbgn.org/libsbgn/0.3">
<map version="http://identifiers.org/combine.specifications/
sbgn.pd.level-1.version-1.3" id="mapl"=>
<bbox x="8" y="0" w="363" h="253"/>
<glyph class="simple chemical" id="glyphl">

<label text="Ethanol"/> <!-- fontsize="" etc --=
<l-- Line breaks are allowed in the text attribute --= -
<bbox x="40" y="120" w="60" h="60"/>
</glyph>
<glyph class="simple chemical" id="glyph_ethanal">
<label text="Ethanal" />
<bbox x="220" y="118" w="60" h="60"/>
</glyph>
<glyph class="macromolecule" id="glyph_adhl"=>
<label text="ADH1" /=
<bbox x="106" y="20" w="108" h="60"/>
</glyph=>
<glyph class="simple chemical" id="glyph h">
<label text="H+" />
<bbox x="220" y="190" w="60" h="60"/>
</glyph>
<glyph class="simple chemical" id="glyph_nad"=»
<label text="NAD+" />
<bbox x="48" y="198" w="60" h="68"/>
</glyph> . _ . ADHL
<glyph class="simple chemical" id="glyph_nadh">
<label text="NADH" />
<bbox x="300" y="158" w="60" h="60"/>
</glyph=

<glyph class="process" orientation="horizontal" id="pnl">
<bbox x="148" y="168" w="24" h="24"/>
<port x="136" y="180" id="pnl.1"/>
<port x="184" y="188" id="pnl.2"/>

</glyph=

<arc class="consumption" source="glyphl" target="pnl.1"
id="a01">

<start x="98" y="168" />

<end x="136" y="188" />
<jarcs>

<arc class="production” source="pnl.2" target="glyph_nadh"
id="a02">

<start x="184" y="180" />

<end x="300" y="188" />
<jarcs>

<arc class="catalysis" source="glyph_adhl" target="pnl"
id="a03">

<start x="160" y="88" />

<end x="160" y="168" />
</arc>

<arc class="production” source="pnl.2" target="glyph_h"
id="a04">

<start x="184" y="180" />

<end x="224" y="202" />
</arc>
<arc class="production” source="pnl.2" target="glyph ethanal”
id="a@5">

<start x="184" y="180" />

ennd v="774" y_"TEA" [



O This repository

Pull requests Issues Gist

sbgn / sbgn
Code Issues 5

LibSBGN

Matthias Konig edited this page on 30 Sep 2016 - 13 revisions

LibSBGN library

LibSBGN is the library for writing and reading SBGN-ML, a XML-based file format dedicated to the
description of SBGN maps.

Source code: hitps://github.com/sbgn/libsbgn
Latest release: hitps://github.com/sbgn/libsbgn/releases

Features

LibSBGN is a library that deals with SBGN maps. It currently supports:

® Reading / writing the SBGN-ML file format (XML-based format for description of SBGN maps)
® Validation of semantical and syntactical correctness
® Conversion to other formats such as SBML and BioPAX

® Support for Java and C++

Documentation
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Are we done? Everything is solved, right?




Reverse

signaling

(Y EBEE%EEEE%EHBHEESHHEEEEEEEEEE

[ Ephrin-A

Multi-compartment entities




Easy in AF
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Ephrin-A

(AR R Cumbersome
iIn ER




Reverse
signaling

extra

celly

H

Eph-A

extra

H

cell y

l Eph-A |

Impossible
In PD

molecular species

(entity pool nodes)

belong to a single
compartment




extra ?
| 1

Reverse Eph-A L—»
signaling extra

[ i zﬂsg%zasasa
Ephn

Loose the fact that
Ephrin-A binds to
Extracell part

cell y

ARy RS Multi-compartment complexes do not
solve the problem, since they represent
Non-covalent assemblies

Kinase
domain

extra
Loose the fact that
Eph-A Eph-Ais a
Multi-domain
molecule

celly




* New glyph: “Domain”; generalisation

of the current “Nucleic acid feature”.
V- * Domains can be associated in multi-domain

Reverse entities pool nodes, the location being carried
5‘9"3""9 by the domains

3 e Allow complexes to be compartment-less
[ Eph,., % * Move content of complex from “decorations”

to bona fide entity pool nodes

extra

domain
Eph-A Eph-A
extra extra
Eph-A
EphA intra

L]
v

cell y




Hybrid maps

Insulin or
growth factors

LPA or
. RTKs chemokines
PtdIns(4,5)P, PtdIns(3,4,5)P, PtdIns(4,5)P,
00000Co00odI D OCO0000000000C0O000000000CO000000000CO0000000000000000000000000 ] 0000000000
QLS &= = % =& @
eesfllees \_/ e

- 0

Class IA PI3K «-‘
\ Class IB PI3K

Apoptosis
A J
Aotility optosis cycle regula
ansformatic Cell cycle regulatio ucose metabo

o Adaptor

A repair
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Hybrid maps

Insulin or
growth factors

LPA or
. RTKs chemokines

PtdIfs(4,5)P, PtdIns(34,5)P, PtdIns(4,5)P,

.I.....ll 588600800000 0000080000080000000000000000000
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Submap in Process Descriptions

Insulin or
growth factors

PTEN

- - -
- ’¢ ‘#
-
. A7 ’
- * ’
- ’ 4
- * 4
P P L4
Phe » 4
- ~ )
. * *
e - .
-
‘o" - ,'
- P ’
P * +#
F & » » o

G%@

» Survival

« Transformation

Y

* Apoptosis

*» Motility
» Transformation

* Apoptosis

* DNA repair

» Cell cycle regulation

y

y

LPA or
chemokines

Class 1B PI3K
Main map in Activity Flows

—-&

« Growth
 Translation

» Cell cycle regulation
* Glucose metabolism

o Adaptor

Use Submaps: PD in AF

3



Main map in Process Descriptions

Submap in Activity Flows
E
Inactiv

L]
v
Q

TA \ 4
E [ —>
[ G @

Use Submaps: AF in PD




Allosteric regulations

600
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9,00 H2tex 0.00
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FORtpp! 000014000 0 00
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FORtex -0.000149
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FRD2 0.00
a Eis

- ALDD2y 0.00 S—— () *"-
® o 2’; @ ALCD2x0.333 ®
lACt2rpp -0.442 QIC.IILDW 0.00 0.333
-+ .
. o . acaid p . ioh
ACtex -0.442 ACALDitex 0.00 F‘Dmu 0.333
.u_. .unu ‘m-

Intensities and amounts

SUCOAS -0.651
..-m=
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Creation, movement, destruction

Intracellular

Meurotransmitter
molecules
Clathrin

e MOnNomers

Vesicle recycling
and reclustering ‘:L? - D

Vesicular
SNARE proteins

Docking .

and priming

% —CAZ protein
L1 |

Cargo | | :I : GOt

prc:tein5| '

L1

Emcﬁc&sis

] . o
—  Release site clearance |

ool : P / \ /[ Release
lease \ g7 Ca* [ | sité
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|
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Creation, movement, destruction

Intracellular

| Clathrin

| monomers

Vesicye recycling |
and rqclustering | > %Q‘:}

Docking
and priming

"‘-.H .'f_ CAZ protein

.} Cargo | \ | =
[Emcytusa ] proteins >
T ™ J /,.L—“ \ Release site clearance | : |
. y, /[ Relgase :
Releasg [ Ca®™ /| site
ppardltus S I,-' /
a r 0_0 ' a ‘:'g. a4 o
Active i T et e e AN Cynamin
zone %40 o o @ AR Sl

Extracellular

MNature Reviews | Neuroscience

Is this a “pool” of identical entities?

/3
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Creation, movement, destruction

Intracellular

Meurotransmitter
molecules

Are those different “states”
of the vesicle? -

| Clathrin

e | MONomers

Vesicle recycling
and reclustering | > h

Vesicular .
SNARE proteins

Docking r

and priming

.a"f ; f % .'f_ CAZ protein

L1

Readil A\ "l Cargo \ | ] . coat %
E'H | " 4 1 |
releasgble [Emcytqsﬂ ] prc:tems| \ : > 1 [J
% ] ] / — Release site clearance )
pool p, ; \ /| Relgase '
lease | g7 Ca* [ | sité
PEp ] ¥ | F,
- -p par dllt L5 x\l IF.|.|.f.| W= |
+ . r S o @ ' 0_0 . a a0 o
Ca’ Active e e PRI g St A Dynamin
channel Fone =R & o o o L o
Extracellular

MNature Reviews | Neuroscience
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Creation, movement, destruction

Are those different compartments?

Intracellular

Meurotransmitter
molecules
| Clathrin

e | MONomers

Vesicle recycling
and reclustering | > h

Vesicular .
SNARE proteins

Docking r

and priming

.a"f ; f % .'f_ CAZ protein

L1

Readil A\ "l Cargo \ | ] . coat %
E'H | " 4 1 |
releasgble [Emcytqsﬂ ] prc:tems| \ : > 1 [J
% ] ] / — Release site clearance )
pool p, ; \ /| Relgase '
lease | g7 Ca* [ | sité
PEp ] ¥ | F,
- -p par dllt L5 x\l IF.|.|.f.| W= |
+ . r S o @ ' 0_0 . a a0 o
Ca’ Active e e PRI g St A Dynamin
channel Fone =R & o o o L o
Extracellular

MNature Reviews | Neuroscience
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Creation, movement, destruction

Should those be “cloned”

Intracellular

Meurotransmitter
molecules
| Clathrin

e | MONomers

Vesicle recycling
and reclustering

Vesicular .
SNARE proteins
d
Docking

and priming

! ; f % .'f_ CAZ protein

L1

: A\ " Cargo bk ] ; Godf 2
Reiadllybl [Em‘:'ﬂ”‘a | proteins| |/ >
releasablez 7 T —\  Release site clearance I , 0
pool p, ; \ /[ Relgase '

lease | @ Ca® /[ | sipd
-gpparatus - \ i
S )¢

Ca™ Activer o © SOOI et Vo Dynamin
channel zone 00 0" : B i = = migtie
Extracellular
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Temporal order and Dynamics?

Multi-scale?

Topologies?

Data integration?




Welcome to the global portal for documentation, news, and other information about the Systems

Biology Graphical Notation (SBGM) project, an effort to standardize the graphical notation used
in maps of bioclogical processes.

Quick start

Systems Biology Graphical Notation

Learn how to use SBGN Get involved
Learn To Use SBGN

Ei:nfz:z Diagrams SYITIIJD' High"ght
Publications
Software Support
Specifications
Events

FAQ

About

stimulation

Contact
Competition

Contribute

SBGN Development Pathway Highlight

This pathway is an SBGN diagram from the following paper published in the July, 2013 issue of

J O | n the the Cell magazine (FubMed ID: 23791384).

CO nve rS atl O n Park 5., Kukushkin Y., Gupta R., Chen T., Konagai A., Hipp M., Hayer-Hartl M., and Hartl F. (2013) PolyQ
Proteins Interfere with Nuclear Degradation of Cytasolic Proteins by Sequestering the Sis1p Chaperone.

Cell 154, 134-145,
-\
;:.

sbgn-discuss@googlegroups.com
L 1 | —

http://sbgn.org



SBGN editors Other main contributors

Tobias Czauderna Mirit Aladjem Fedor Kolpakov
Emek Demir Frank Bergman Lu Li

Ugur Dogrusoz Sarah Boyd Yukiko Matsuoka
Robin Haw Laurence Calzone Sven Sahle
Michael Hucka Mélanie Courtot Chris Sanders
Hiroaki Kitano Tom Freeman Herbert Sauro
Nicolas Le Novere Akira Funahashi Esther Schmidt
Augustin Luna Ralf Gauges Jacky Snoep
Alexander Mazein Peter Ghazal Vasundra Toure
Huaiyu Mi Martijn van lersel Dagmar Waltemath
Stuart Moodie Hideya Kawaiji Steve Watterson
Falk Schreiber Douglas Kell Katja Wegner
Anatoly Sorokin Sohyoung Kim Sarale Wimalaratne
Alice Villéger Kurt Kohn Guanming Wu

THE COMMUNITY OF SYSTEMS
BIOLOGISTS AND TOOL DEVELOPERS

{(nEpo EMBL-EBI i °. #3BBSRC

blosaence for the future
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