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The models | am going to talk about

biochemical model I Viap mathematical modeII
(Cxelin)-p

S ke[M] — ks[~PI[C2] + ko[CP]
d[CP]/dt ks[CP][Y] + ks[~PI[C2] — ko[CP]
d[pM}/dt = PI[Y] — [PMIF((M)) + ks[~P][M]
8 dM]/dt = [pM UM]) — ks[~PIIM] — ks[M]

d[Y]/dt = ky[aa] Nko[Y] — k3[CP][Y]
d[YP]/dt = kg[M] — R[YP]

Notes

Parameter
ky[aa)/[CT] 0.015 min~!

_+

(adjustable)

~1 (adjustable)

won

simulation | Tyson et al (1991) PNAS 88(1):7328-32  Ccomputational model
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Model life-cycle
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Integrative Systems Biology
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Integrative Systems Biology
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Understanding models in biology

Table 1. Kinetic equations governing the cyclin—cdc2 cycle in
Fig. 1

d[C2]/dt = keIM] — kg[~P1[C2] + ko[CP]

d[CPl/dt = —k3[CPI[Y] + kg[~P][C2] — ko[CP]

d[pM]/dt = k;[CPI[Y] — [pMIF([M]) + ks[~P][M]
d[M]/dt = [pM]F(IM]) — ks[~P][M] — k¢[M]
d[Y]/dt = kilaa] — ky[Y] — k3[CP][Y]

d[YP]/dt = k¢[M] — k7[YP]

* - - 1 —— A - IR i

1 At
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Understanding models in biology

Table 1. Kinetic equations governing the cyclin—cdc2 cycle in
Fig. 1

d[C2]/dt = keIM] — kg[~P1[C2] + ko[CP]
d[CPl/dt = —k3[CPI[Y] + kg[~P][C2] — ko[CP]
d[pM]/dt = k;[CP][Y] — [pM]F([M]) + ks[~P][M]
d[M]/dt = [pM]F(IM]) — ks[~P][M] — k¢(M]
dY]/dt = kilaa]l — k;[Y] — k3[CP][Y]
d[YP]/dt = ke[M] — k;[YP]
aa
%

« a4t __ __ L —— A o s oa A L _a o
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|
lin}P i
_ (eyclin 6 R
;7 Jede2 ’
!
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\ F-;' ~P F: P
\
AR 9|18
cyclin}-P ;P 3
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Fi1G. 1. The relationship between cyclin and c¢dc2 in the cell
cycle. In step 1, cyclin is synthesized de novo. Newly synthesized
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Understanding models in biology

Table 1. Kinetic equations governing the cyclin—cdc2 cyclein_ Not a bimolecular

Fig. 1 interaction
d[C2)/di = kelM] [kl ~PNC2I| & ko[CP]
d[CP1/dt = —ks[CPI[Y] + ks[~PI[C2] — ko[CP]
dlpM]/dt = k3[CP][Y] — [pMIF([M]) + ks[~P][M]
dM]/dt = [pM]IF(IM]) — ks[~P][M] — ke¢[M]
d[Y]/dt = kjlaa] — ky[Y] — k3[CP][Y]
d[YP]/dt = k¢[M] — k7[YP]
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Table 1. Kinetic equations governing the cyclin—cdc2 cyclein_ Not a bimolecular
Fig. 1 interaction

d[C2]/dt = ke[M] —|kg[~PI[C2]|+ ko[CP]
d[pM]/dt = k;[CPI[Y] — ks=PITIM] J
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Table 1. Kinetic equations governing the cyclin—cdc2 cyclein_ Not a bimolecular
Fig. 1 interaction

d[C2]/dt = ke[M] —|ks[~PI[C2]J+ ko[CP]

d[CP]/dt = —k;[CPI[Y] £ ks[~PI[C2] — ko[CP] . _
> = ks[CP][Y] _ Not a single reaction
= [pMIF(IM]) — ks[~P][M] — k¢[M]
= kylaa] — ky[Y] — k3[CP][Y]
d[YP]/dt = k¢[M] — k7[YP]
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Table 1. Kinetic equations governing the cyclin—cdc2 cyclein_ Not a bimolecular
Fig. 1 interaction
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Entity-based Vs. process-based modeling

= Traditional mathematical modeling in biochemistry is
oriented toward the evolution of reacting entities (ODEs).

m Process-based modeling is focusing on reactions, events and
relationships. The evolution of entities emerges from all the
processes they are involved in.

m  Process-based models can be simulated with different
approaches. This includes hybrid methods, where different
processes are simulated using different algorithms (e.q.
discrete and continuous).

®  Process-based models lend themselves to modularity and
encapsulation. Therefore they are easier to maintain, modify
and re-use.
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“Most often systems biologists use ODE-based models, that
are not realistic, cannot scale and cannot be simulated by

discrete methods”

Typical quote from someone wanting to sale a new discrete
method (e.qg. Process-algebra, rule-based models etc.)

EMBL-EBI
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“Most often systems biologists use ODE-based models, that
are not realistic, cannot scale and cannot be simulated by

discrete methods”

Typical quote from someone wanting to sale a new discrete
method (e.g. Process-algebra, rule-based models etc.)

The design of most models in Systems Biology is
actually process-based! ODEs are reconstructed at

runtime
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BML org

"l": Mews

Main Page - SBML.org - SeaMonkey

Documents Downloads Forums Facilites

The Systems Biology Markup Language (SBML) is a computer-readable format
for representing models of biological processes. It's applicable to simulations of
metabolism, cell-signaling, and many other topics. SBML has been evaolving since
mid-Z000 thanks to an international community of software developers and users.
This website is the global portal for the SBML effort; here you can find information
about all aspects of SBML.

©

For the curious
What is SEML? Read our basic introduction and then perhaps browse

the mailing lists to get a sense for what's currently going on in the
world of SBML.

For modelers

Are you looking for ready-to-run software that supports SEML? The
SBML Software Guide lists over 170 systems today. Are you instead
looking for ready-to-use models? Visit the BioModels Database &,
where you can find hundreds!

For software developers

Are you interested in developing SEML support for your software? Read
our basic introduction and then the SBML specifications to
understand how to use SBML, After that, you may want to look at
libSBM™L, an API library supporting many programming languages.

Mo matter how you use SBML, we invite you to sign up for news updates either

through our

- R§S feed, our Twitter feed &, or one of the mailing lists, and get

involved with community efforts to help keep improving SBML. You can alsa call

attention to

yvour project's support of SBML by displaying the SBML logo.

Mone of this would be possible without the support of multiple agencies and
organizations. Visit our acknowledgements page to learn about the visionary funding agencies that have backed SEML over the

years,

Community Ewvents About Y B

The Systems Biology Markup Language

Q, Google Site Search.

SBML Naws

More errata for L2Zvdr]

(11 July '02) A few more issues

have been noted recently on the SBEML
Level 2 Version 4 errata list.

)

SBML Level 3 plans updated

(&8 Jul. '02) The SBML Editors have
updatad the plans for SBML Level 3
Core and are seeking feedback.

SBML FAQ updated
(1 Jul '0%) FAQ itern #3.6 now
features an expanded explanation
of SBML Level 2 annaotations.

Older news ...

Community News

BioModels Database rel. 14
(16 Jun."02) BioModels

Database 7, a free database of
published models, now contains 216

curated and 196 uncurated models.

2

&

MCSim supports SBML

(25 Apr.09) GNU MCSim & lats
vou design statistical or
simulation models & perform Bayesian

inference.

Pathway Tools workshop i ‘%}
{24 Apr."09) Tutorial & workshop

on SRI's Pathway Tools and

BioCyc database in August '09,

Older news ...




A-> B

<?xml version="1.0" encoding="UTF-8"?>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>
<listOfCompartments>
<compartment id="cell” />
</listOfCompartments>
<listOfSpecies>
<species id="A" compartment="cell” initialConcentration="1"/>
<species id="B” compartment="cell” initialConcentration="0"/>
</listOfSpecies>
<listOfParameters>
<parameter id="kon” value="1"/>
</listOfParameters>
<listOfReactions>
<reaction>
<listOfReactants>
<speciesReference species="A" />
</listOfReactants>
<listOfProducts>
<speciesReference species="B"” />
</1listOfProducts>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML"”>
<apply>
<times />
<ci>kon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticLaw>
</reaction>
</listOfReactions>
</model>
</sbml>
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Parent pages: SBML.org / SBML Software Guide > 1 7 0 too I S S u p po rti n g S B M L

SBML Software Matrix

This matrix provides an at-a-glance summary of software known to us to provide some degree of support for reading,
writing, or otherwise working with SBEML, The columns' meanings are explained below, For a list of longer descriptions
grouped into themes, please see our SBML Software Summary page.

Capabilities Framewaorks API Dep. Platforms | SBEML|&vailabil.,

i

Qo3

(]|

C 4] 0o 3 —

5 i C M

C = o W + 5 0 -4

O 4 A B = i — A -4 0

A M o om P o @om £ o2 |n E L

e R L & 0 . Lo O 0

m J 4 m - [ T 1] g Qg|Cc T E

0 E m £ - |WWw o 0 mds O O|o @O E

L - LWL dTo £ > 0P E ¥|o o g

OmdIT o |08 nmWwdo H WD T O
acslXtreme . w . E §| N
ALC . «|e . . LW, M B el lE F|:]

Asmparts . .| LW a | a|=s|F|F

Antimony . . C, C++ LW,M |s s|s F F

AutoSBEW . . SBW SBW L, W, M = s |s |F F

AVIS . various L . « |[FI|F

BALSA . Sigtran

BASIS L * * - WS B « = s F F

BetaWp & % » s ® L,W,M - FIE

BiNoM . . . . LLW,M |« |« |F F

BinNoM Cytoscape Plugin | » . . . Cytoscape | L,W,M |= |« F F

BIOCHAM . . | L,W,M s« |e|FI|F

BioCharon . s s . CHARON

Biological Networks . . . L,W,M - Fl$

BioCyc . . Fl g
. N o~
BioGrid -

The columns of this table should be read in the following way:

« Capabilities summarizes the facilities that a package provides by itself (i.e., without invoking ancther package) for
working with SBML: "Creation” = creating/editing models, "Simulation” = performing time-series simulation of
models, "aAnalysis” = analyzing models (e.g., sensitivity analysis, flux-balance analysis, etc.), "Database” =
providing a database of models, and "Utility” = providing other utility functions (e.qg., translating SBML to/ffrom
other formats).

PO o U O SR ) NN [N [N NS |J O SN [ Sy | e T N ) | —




Is SBML enough? What's missing?

= An SBML model lists participants, but does not identify them.

®=  An SBML model contains mathematical expressions, but does not
tell-us what they “mean”, and how they are derived.

= An SBML model constructed for a certain modelling approach
cannot be used straight-away within another modelling framework.

= SBML models cannot be easily searched
SBML models cannot be easily converted
SBML models cannot be easily merged
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Minimal
requirements

iImplemented

¥
Data-models

¢

add meaning

Ontologies

Complete mosaic of standards

Model Simulation Numerical
definition experiment results

JML SED-ML SBRML
BGN
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Complete mosaic of standards

Model Simulation Numerical
definition experiment results
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The Minimum Information Requirec
In the Annotation of a Model

http://biomodels.net/miri
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m  Reporting guidelines for curation
of quantitative models

Specifically about encoding
& annotation

Limited for the moment to
models that can be
numerically evaluated

=  Not specific to SBML; applicable to
any structured model format

Date Integration in Life Sciences, 20-22 July 2009, Manchester

MIRIAM guidelines

Mest of the published quantitative models in biology are
lost for the community because they are sithar not mada
available or they are insufficiently characterized to allow
tham to be reused. The lack of a standard description format,
lack of stringent reviewing and authors’ carelessnass are

the main causeas for incomplete medal descriptions. With
today's increased interest in detailed biochemical models,

it is necessary to define a minimum quality standard for

the encoding of those models. We propose a set of rules for
curating quantitative medels of biological systems. These
rules define procedures for enceding and annotating madels
represented in machine-readable form. We believe their
application will enable usars to () have confidence that
curated medels are an accurate reflection of their asseciated
reference descriptions, (i) s2arch collections of curated
models with precision, (i) quickly identify the biclogical
phenomena that a given curated modal or madel constituant
@ represents and () facilitate madel revse and compasition

élmo large subcellular modals.,

2005 Nature Publishing Group hitp-#fawee nature.c ominaturebloechnology

LEwopaan Bicinformatics Institule, Hincdon, CE10 LED, UK.

ZPhysiomics PLC, Magdalan Carkra, Cxlord Scianca Fark, Dwcdord,

Q%4 4GA K. Jcontrol and Cynamical Syslams, Caliornia Inskduba of
Tachnology,Pasadena, Caliornia $112%, LSA *Mational Cantra for Biokgical
Sciancas, TIFR, UAS-GHVE Campus, Bangalers 550065, India. Sinstiuta
for Computational Eiomedicing, Welll Medical Collaga of Cormall Universiy,
Maw York, Haw York 10021, UsA. “canker for Genomic Soancas, Univarsidad
Macional Autznoma de México, Av. Universidad s, Cuamavaca, Morclos,
52100, Maxico. "Biosnginasring | etiuty and Departmant o1 Engnasring
‘Eclanca, Tha Universiy of Aucdand, Frivata Bag 32019, AucHand, Haw
Zaaand. "Wax-Planck | nstiiuba for Molkcuar Genatics, Bsrin Cantar for
‘Ganoma bassd Einformatics (ECE], Ihnestr. 72, 14155 Earlin, Garmany.
Mirginia Bioimormatics Instiube, ¥Wirgink Tach, Washington 31., Blacksburg,
Wirginia 2406 1-0477, USA. Keck Graduaba Instiiuta, 532 Walson Drive,
Clarement, Gallfornia 1711, USA. IList Propulsion Laboratory, Galifomia
Instituks of Tachnolegy, Pasadena, Galitornia 1109, USA. 12Triple-J Group
“or Wolezular Gell Physiciogy, Dspartment of Biozhamistry, Stallanbaseh
Univarsty, Privaia Bag X1, Watialand 7E02, South Africa. T*Dapartmant of
Sciantinc Compubing & Mathematical Modaling, GRASMANKIInG Rasaarch
& Davalopment Limibad, Medicines Ressarch Canira, Gummals Wood

Foad, Sbavanags, Harts, 561 2MY, UK. “Purdu Univarsty, Capartmant of
Bigkgical Sdances, Lilly Hall of Lifa Sciences, 215 W Sale Stract, Wast
Lafayetlg, Indiana 475072054, W34, *Thase authars hava condributed
agually bo tha work. Comsspondanca should ba addressad 1o NLLLNH.

-l lana vsshi a0 ukl.

Pubdishad onling & Decamber 2304; dad: 10.103EmbA112E

MATURE BIOTECHMOLDGY VWOLUME 22 MNUMEER 12 DECEMBER 2005

PERSPECTIVE

Minimum information requested in the annotation of
biochemical models (MIRIAM)

Micolas Le Movére"!'”, Andrew Finney™", Michael Hucka®,
Julic Collado-Vides®, Edmund ] Crampin, Matt Halstead?,
Herbert Saura, Bruce Shapire!!, Jacky L Snocp! 2, Hugh [ Spence! * & Barry L Wanner!4

Upinder 5 Bhalla®, Fabien Campagne®,
Edda Elipp®, Pedro Mendes®, Foul Mielsen?,

Diuring the genomic erawe have witnessed a vast increase in availakil-
ityof large amounts of quantitative data, This is motivatinga shift in
the fozus of malecular and cellular ressarch from qualitative descrip-
tiems of bicchemical interactions towards the quantification of such
inberactions and their dynamics. One of the tenets of systems biology
isthe use of quantitative models (see Box 1 for definitions) asa mech-
anism Bor capturing preciss hypothesss and making predictions!?.
Many specialized models exist that attempt to explain aspects of the
cellular machinery. However, as has happened with other types of bio-
legical informaticmn, mach as ssquences, macromalecular structures or

Box 1 Glossary

Some termis are used In a very specific way throughout the article.
‘W= provide hare a praciss defintion of each one.

Quantitative blochemical model. A formal model of abiclogical
systern, basad on the mathematical description of Its melecular
and cel lular components, and the interactions betwesn thoss
componeants.

Encoded model. & mathematical madel written in a formal
machingTeadale langUags, SUCh that It can ba systematically
parsad and emplayed by simulation and analysis software without
further iuman branslation.

MIRIAM-compllant model. & mode| that passes all the t=skz and
fulmiE all the conditions (Eted In MIRIAM.

Reference description. A uniqus document that describes, ar
reterences the description of the model, the stnicturs of the
model, the numerical values necesary to Instantists 3 simulatian
from the medel, or to parform a mathernatical analysis of the
model, and the results one expects from sUch 8 simulation ar
analysis.

Curatlon process, The process by which the compliance of an
ercoded model with MIRIAM 15 achisved andsor verifisd. The
Curation process may SncOMpEss same of &1l of the fallowing
tazks: encoding of the modal, venncation of the raference
COMEspondenca and annatation of the model.

Reference cormespondence. The fact that the structuore of a
model and the results of a simulation ar an analysls match the
Irformation presant In the referencs desciption,
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MIRIAM compliance

Models must :
m be encoded in a public machine-readable format
m be clearly linked to a single reference description

m reflect the structure of the biological processes described in the
reference paper (list of reactions etc.)

®m be instantiable in a simulation (possess initial conditions etc.)
m be able to reproduce the results given in the reference paper
®m  contain creator’s contact details

®  annotation to unambiguously identify each model constituent
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Why are annotations important?

Annotation of model components are essential to:
®  unambiguously identify model components

improve understanding the structure of the model
allow easier comparison of different models
ease the integration of models

m  allow efficient search strategies

B add a semantic layer to the model

improve understanding of the biology behind the model
allow conversion and reuse of the model
ease the integration of model and biological knowledge
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Why annotations should not be raw text

m EMBL bank version 45 (04-DEC-1995 ):
/db xref="PID:g984120"

m EMBL bank version 47 (07-JUN-1996):
/db xref="PID:g984120"
/db xref="SWISS-PROT:P49581"

m EMBL bank version 60 (03-SEP-1999):
/db xref="SWISS-PROT:P49581"
/protein 1d="CAA58766.1"

m EMBL bank version 73 (30-NOV-2002):
/db xref="SWISS-PROT:P49581"
/protein id="CAA58766.1"

/db xref="GOA:P49581"

m EMBL bank version 79 (08-JUN-2004):
/db_xref="UniProt/Swiss-Prot:P49581"
/protein id="CAA58766.1"

/db xref="GOA:P49581"

m EMBL bank version 84 (12-SEP-2005):
/db_xref="UniProtkKB/Swiss-Prot:P49581"
/protein id="CAA58766.1"

/db xref="GOA:P49581"
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Why annotations should not be uncontrolled XML

Extracted from a BioPAX version of "Signaling by EGFR";

<bp:unificationXref rdf:ID="UniProt P01133">

<bp:DB rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">UniProt</bp:DB>
<bp:ID rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">P01133</bp:ID>
</bp:unificationXref>

What is “UniProt”?

m CGD is the official acronym for:
Candida Genome Database
Cattle Genome Database

Comparative Genomics Database

Chronic Granulomatous Disease
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Why annotations should not be uncontrolled URLs

http://srs6.ebi.ac.uk/srs6bin/cgi-bin/wgetz?[swissprot-AccNumber:P01133]+-e
http://www.ebi.uniprot.org/uniprot-srv/uniProtView.do?proteinld=P01133
http://www.ebi.uniprot.org/entry/P01133
http://www.uniprot.org/uniprot/P011337?proteinld=P01133
http://www.uniprot.org/uniprot/P01133
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Characteristics of a useful identifier

= Unique
an identifier must never be assigned to two different objects;

= Perennial
the identifier is constant and its lifetime is permanent;

= Standards compliant
must conform on existing standards, such as URI;

= Resolvable
identifiers must be able to be transformed into locations of online
resources storing the object or information about the object;

= Free of use
everybody should be able to use and create identifiers, freely and at no
cost.
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MIRIAM annotation

Data-type
identifier
(required)

!

URI

/_/\\ Corresponds to a namespace

Not a URL,
not a “Web-
address”!

NG _J
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MIRIAM annotation

Data-type Data-set
identifier Identifier
(required) (required)

URI text string
/ﬁaué\\ /Format dep%
not a “Web- on the resource
address”! identified by

| the data-type
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MIRIAM annotation

Data-type Data-set
identifier Identifier
(required) (required)

URI text string
/KaUR/L,\\ /Format dep%
not a “Web- on the resource
address”! identified by

| the data-type

UniProt and P62158 (human calmodulin)
' > Urn:miriam:uniprot:P62158

EC code and 1.1.1.1 (alcohol dehydrogenase)
' > urn:miriam:ec-code:1.1.1.1

Gene Ontology and GO 0000186 (activation of MAPKK activity)
» urn:miriam:obo.go:G0%3A0000186
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MIRIAM annotation

Data-type Data-set Annotation
identifier Identifier qualifier
(required) (required) (optional)
URI text string text string
ﬁ\\ /Formatdep% ACOntrolled D
not a “Web- on the resource vocabulary
e identified by established l?y
' the data-type the community
"< w, < _ N _
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Qualification of annotation

qualifier
model element  ——————— - annotation

represents represents
biological biological
entity A _). , entity B
relationship
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Qualification of annotation

bgbiol:hasPart
species MPF —  UnNiProt PO4551

represents represents
promoting factor >
has a part
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Qualification of annotation

bgbiol:isVersionOf
reaction MKPase m——— EC 3.1.3.16

represents represents

MAPK phosphoprotein
dephosphorylation — phosphatase

Is a version of
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Current BioModels.net Qualifiers

m bgmodel:is The modelling object represented by the model component is the subject
of the referenced resource.

® bgmodel:isDescribedBy The modelling object represented by the component of the
encoded model is described by the referenced resource.

m  bqgbiol:is The biological entity represented by the model component is the subject of
the referenced resource.

m  bqgbiol:hasPart The biological entity represented by the model component includes
the subject of the referenced resource, either physically or logically.

m  bqgbiol:isPartOf The biological entity represented by the model component is a
physical or logical part of the subject of the referenced resource

m  bqgbiol:isVersionOf The biological entity represented by the model component is a
version or an instance of the subject of the referenced resource.

m  bqgbiol:hasVersion The subject of the referenced resource is a version or an instance
of the biological entity represented by the model component.

m bqgbiol:isHomologTo The biological entity represented by the model component is
homolog, to the subject of the referenced resource, i.e. they share a common
ancestor.

m bgbiol:isDescribedBy The biological entity represented by the model component is
described by the referenced resource.
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Current BioModels.net Qualifiers

m  bqgbiol:encodes The biological entity represented by the model component encodes,
directly or by transitivity the subject of the referenced resource.

m  bqgbiol:isEncodedBy The biological entity represented by the model component is
encoded, directly, or by transitivity, by the subject of the referenced resource.

m  bqgbiol:occursln The biological entity represented by the model component takes
place in the subject of the referenced resource.

PROPOSED

m  bgbiol:isPropertyOf The biological entity represented by the model component is a
property of the subject of the referenced resource.

m  bqgbiol:hasProperty The subject of the referenced resource is a property of the
biological entity represented by the model component .
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SBML and MIRIAM

<species id="Ca calmodulin" metaid="cacam">
<annotation>
<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:bgbiol="http://biomodels.net/biology-qualifiers/">
<rdf:Description rdf:about="#cacam">
<bgbiol:hasPart>
<rdf:Bag>
<rdf:li rdf:resource="urn:miriam:uniprot:P62158"/>
<rdf:li rdf:resource="urn:miriam:obo.chebi:CHEBI%3A29108"/>
</rdf:Bag>
</bgbiol:hasPart>
</rdf:Description>
</rdf:RDF>
</annotation>
</species>
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The model revealed

bgbiol:isVersionOf
bgbiol:isVersionOf Gene Ontology GO:0006468

Gene Ontology EC 3.1.3.16
G0:0000079

bgbiol:isVersionOf
UniProt
CDC2_SCHPO

d[C2]/dt = k¢[M] — kg[~P][C2] + ko[CP]
d[CP]/dt = —k3[CP][Y] + ksg[~P][C2] ~4 ko[CP]
PbickhasPart d[pM]/dt = k3[CPI[Y] — [pM]F([M]) + ks[-*P][M]
interPro 1PRO06670  d[M]/dt = [pMIF(IM]) — ks[~P][M] — kgIM]
dlY]/dt = kilaa] — kx[Y] — k3[CP][Y]

d[YP]/dt = k¢[M] — k7[YP]

bgbiol:isVersionOf
Gene Ontology GO0:0006470

o . EC 2.7.11.1
Ibnqtglroplr.l)sVersmnOf bgbiol:hasVersion
IPRO06670 Reactome REACT_6216
Reactome REACT 6308
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MIRIAM Resources

= MIRIAM Database

Core element of the resource, storing all the information about the data-
types and associated information;

= MIRIAM Web Services

SOAP-based application programming interface (API) for querying MIRIAM
Database

= MIRIAM Library
Library to use MIRIAM Web Services

= MIRIAM Web Application I' Interactive access
Interactive web interface for

. . {(XIHTML
browsing and querying
MIRIAM Database, and ~t——=

submit or edit data-types.

Web
container

Web
Application

Servlet, |SP

Web browser

lava, Perl, ... __/‘ ’

Web Services

Axis

Apache Tomecat
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EBl * Gmoups * Computational Heumbiokgy * Ressamh > MIRIAM Resoumes

MIRIAM Resources

= Browse MIRIAM Resources are a setof online services created to support MIBIANM Standard.

B Search

= Taqs The core of MIRIAM Resources is a catalogue of data types (these can be controlled vocabularies or databases), their UHIS and the .
a9 corresponding physical URLs or resources. Access to this data is made available via exports (XML) and Web Services (SOAP). i

= Queryservices e T TR T T T T A T R A T A e

= Submit new Quick links

= Expaort

= Sign In

i | Browse Web Services

i Web Services

" l:j““"'mems by data type name services available
"MIRIAM Standard by tags usage of the services
- FAQ online demonstration

- Documentation

“News B Search Exports

-BioModels.net
Cualifiers generic search KML

= MIRIAM on
SourceForge

................................................ Hem urces

® Support MIRIAM Resources are composed of four components: a database, some Web Services, a Java library and this web application.

Database

= Contact

The core of the system is a MySCL database. It allows us to store the data types (which can be controlled vecabularies or databases), their_g_ﬁ_l_g_ and the
corresponding physical URLs or resources.

L crrnpl:t atiorad
Newfobio 1= f ¥

e — each data type can be associated with several resources (or physical locations).

Web Services

Programmatic access to the data is available via Web Services (based on Apache Axis and SOAP messages). This APl permits not only to resolve model
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MIRIAR

= Browse

= Search

= Tags

= CQuery services
= Submit new

B Export

= Sign In

= Web Services

= Documents
“MIRIAM Standard
FAQ
E"Documentation
E"News &

E"EIint:uI".-'Il::u::hels.r1net
Qualifiers

= MIRIAM cn
SourceForge

= Support

= Contact

L |:rn1pat.'.|! larta!
NewFaohino fergid

SOURCEFORGE.NET

MIRIAM Resources

Browse the data types

Brief overview of the different data types stored in MIRIAM Database.

Mext page >

JDOMET

Aclame
ArrayExpress
arxiv

BioSRID

Biolhodels
Database

BRENDA

ChEBI

ClusSTr

Catabase of

Interacting
Proteins

Dol

Ensembl

Entrez Gene

Enzyme
Nomenclature

Evidence Code

FlyBase

FMA

urrmiriam: 3dmet

urremiriamaclame

UM miriamarrayexpress

Urm:miriamariv

urr:mirigm: biogrid

urrcmiriam: biomode |5 .di

urrmiriam: bre nca

urrcmiriam:obo.chebi

urnmiriamclustr

urn:miriam:dip

urn:miriam:doi

urrcmiriamensembol

urn:miriamentre 2.gene

urn:miriam:ec-code

urn.miriam:obo.eco

urncmiriam:flybase

urremiriam:obo.frra

A Mmiriam oo oo

Display: 10 20| 30| Al

3DMET is a database collecting three-dimensioral structures of natural metabolites.
ACLAME is a database dedicated to the collection and classification of mobile geretic elements (MGEs) from various
sources, comprising all known phage genomes, plasmids and trans posons.
ArrayExpress is a public repository for microarray data, which is aimed at storing MIAME-compliant data in accordance with
Microarray Gene Expression Data (MSED) recomme ndations.
arXiv is an e-print service in the fields of physics, mathematics, nortlinear science, computer science, and guartitative
biclogy.
BioGRID is a database of physical and geretic imeractions in Saccharomyces cerevisias, Casnorhabditis elegans,
Drosophila melanogaster, Homo sapiens, and Schizosaccharomyces pombe.
BiolMode|s Catabase is a data resource that allows biologists 1o store, search and retrieve published mathe matical models of
biclogical interests.

BREMNDA is a collection of enzyme functioral data available to the scientific community. Cata onenzyme function ars
extracted directly from the primary literature The database covers information on classification and nomenclature, reaction
and specificity, functioral parameters, occurrence, enzyme structure and stability, mutants and enzyme engineering,
pre paration and isolation, the application of enzyme s, and ligand-related data.

Chemical Entities of Biological Interest (ChEBI) is a freely available dictionary of molecular ertities focused on 'small’
chemical compounds.

The ClusTr database offers an automatic classification of UniProt Knowledoebase and IP] proteins into groups of related
proteins. The clustering is based onamalysis of all pairwise comparisons (Smith-Waterman) between protein sequences.

The database of interacting protein (DIP) database stores experimentally determined interactions between proteins. It
combings imformation froma variety of sources to create a single, consistent set of proteinprotein interactions

The Digital Object Identifier System is for identifying conte nt objects in the digital ervironment.
Ensembl is a joint project between EMBL - EBl and the Sanger Institute to develop a software system which produces and
maintains automatic annotation on selected eukaryotic genomes.

Entrez Gere is the NCBI's database for gene-specific information, focusing on completely sequenced genomes, those with
an active research community to contribute gene-specific information, or those that are scheduled for imense sequence
aralysis.

The Enzyme Classification comtains the recomme ndations of the Nomenclature Committee of the Intermatioral Union of
Biochemistry and Molecular Biology on the nomenclature and classification of enzyme-cataly sed reactions.
Evidence codes can be used to specify the type of supporting evidence for a piece of knowledge. This allows inference ofa
'level of support’ between an entity and an annotation made to an e ntity.

FlyBase is the database of the Drosophila Genome Projects and of associated lite rature.

The Foundatioral Model of Aratomy Ontology (FMA) is a biomedical informatics ontology. It is concerned with the
repre sertation of classes or types and relationships necessary for the symbolic representation of the phe notypic structure of
the human body. Specifically, the FMA is a domain ontology that represents a coherent body of explicit declarative

knowledge about human anatomy.
inam: orceE nism [
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requirements for a MIRIAM-compliant data-type

= Open access
Anybody can access any public data without restriction (no
commercial licence; no login page etc.)

= Atomicity
The granularity of the data distributed has to be appropriately
selected (A database of “reactions” distributes reactions and not
pathways) and consistent (e.g. classes or instances but not classes
AND instances)

= |dentifier
An atomic data is associated to a unique and perennial identifier

= Community recognition
The resource has to be “recognised” by the corresponding
experimental community, be reasonably supported etc
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= Browse
® Search Data type: Enzyme Nomenclature

® Tags

= Query services General ] Tags l Annotation

® Submit new General information about the data type

= Sign In dentifier IR 0000004
................................................ MName Enzyrm MNomenclature
EC code

i Web Services o
Synonyms Enzyme Classification

B Documents

EC

F,ﬁ.,Q Official URN urn:miriam:ec-code
-Documentation hﬂp:’lmﬂc'mm g/
Deprecated urn:lsid:ec-code .ong

T Mews hitp:/ e bi.ac . uk/IntEnz/

“-BioModels.net Information

CQualifiers Definitio The Enzyme Classification contains the recomme ndations of the Nomenclature Committee of the Imtermatioral Union of
________________________________________________ nition Biochemistry and Molecular Biology on the nomenclature and classification of enzyme-catalysed reactions.
identifier Pattern s EURVRL s BRI PRI ' R TR TR LS ERTS PSSR B
) "S"”H'AMFE” Physical Locations
ourEETenEE Data Entry bttp:/ w2 bi.ac. uk/inte nziguery fomd=SearchE Clec=$id [Examplz: 1.1.1.1 & n
................................................ urce hitpy P —— =
Resource #1 -
= Support Information IMEnZ (Integrated relatioral Enzyme database)
» Contact Institution European Bioinformatics [nstitute, United Kingdom
Data Entry http:/ A .ge nome . jpidbget-binfwww_bget?ec:$id [Example: 1.1.1.1 &)
& Data Resource http:/www.ge nome . jpidboet-binfwew_bfind Penzyme
‘ nree Information KEGG Ligand Catabase for Enzyme Momenclature
s Institution Kyoto University Bioirformatics Certer, Japan
Data Entry http://us expasy.orgicgi-binnice zyme.pl 7§ [Example: 1.1.1.1 &
Data Resournce hitp://us.expasy.orgienzyme’
Resoumce #3 : .
Information Enzyme nomenclature database, ExPASy (Expert Protein Aralysis Systam)
Institution Swiss Institute of Bicinformatics, Switzerland

it wewew.c e mugmul.ac  uk/iubmbde nzy me/

URL(s) hitp://'srs.ebiac. uk/'srsbincgi-binwoetz -view+Medline Full+[medline- PMID: 108124 75]
Miscellaneous

Date of creation 2006-08-14 19:38:06 GMT

Date of last mod ification 2005-05-08 14:529:31 GMT

¢ Go back to the list of data types @ Edit this data type
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Tools developing support for MIRIAM identifiers

m  Application software

= Data resources ARCADIA (graph editor)
BioModels Database (kinetic models) BIOUML (modeling and simulation)
PSI consortium (protein interactions) COPASI (Simulation)
Reactome (pathways) libAnnotationSBML
SABIO-RK (reaction kinetics) libSBML
Yeast consensus model database SAINT (semantic annotation)
Human consensus model database SBML2BioPAX
E-MeP (structural genomics) SBML2LaTeX

SBMLeditor (model editor)

SemanticSBML (annotation and merging)

m MIRIAM Resources statistics

~>000 web page requests per month Snazer (Network analysis, Simulations)

~550000 web service requests per month Systems Biology Workbench

(model design and simulation)
The Virtual Cell (Simulation)
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Tools using MIRIAM identifiers

m  Application software

= Data resources ARCADIA (graph editor)
BioModels Database (kinetic models) BIOUML (modeling and simulation)
PSI consortium (protein interactions) COPASI (Simulation)
Reactome (pathways) libAnnotationSBML
SABIO-RK (reaction kinetics) libSBML <S>
Yeast consensus model database SAINT (semar

SainT

Human consensus model database SBML2BioPAX
E-MeP (structural genomics) SBML2LaTeX
o SBMLeditor (n semantic
= MIRIAM Resources statistics SBML
SemanticSBM merging)
~5000 web page requests per month Snazer (Netw * ations)

~550000 web service requests per month Systems Biolo

(model desigr. atiu siriuiacivii)

The Virtual Cell (Simulation)
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Application: whole-cell metabolic models

m Yeast Metabolic Model
Herrgard M.)., Swainston N., Dobson P., Dunn W.B., Arga K.V.,
Arvas M., Bluthgen N., Borger S., Costenoble R, Heinemann M.,
Hucka M., Le Novere N., Li P., Liebermeister W., Mo M.L., Oliveira
A.P., Petranovic D., Pettifer S., Simeonidis E., Smallbone K., Spasic
l., Weichart D., Brent R., Broomhead D.S., Westerhoff H.V., Kirdar
B., Penttila M., Klipp E., Palsson B.@., Sauer U., Oliver S.G., Mendes
P., Nielsen J., Kell D.B. (2008) A consensus yeast metabolic
network reconstruction obtained from a community approach to
systems biology. Nature Biotechnology, 26: 1155-1160.

2152 species, 1857 reactions, 4861 MIRIAM annotations
= Human Metabolic Model

4889 species, 8866 reactions, 66968 MIRIAM annotations
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a
KEGG_Reaction:RO1429

042 Mielsen1998_ Glycolysis

L

Krause F, Liebermeister W (2009)
A simple clustering of the BioModels

database using semanticSBML.
Nature Precedings, doi:10.1038/npre.2009.3444.1
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Lack of biological semantics in SBML

<listOfCompartments>
<compartment id="C">
</listOfCompartments>
<listOfSpecies>
<species id="A"/>
<species id="B"/>
<species id="C"/>
</listOfSpecies>
<listOfReactions>
<reaction>
<listOfReactants>
<speciesReference species="A"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="B"/>
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C"/>
</listOfModifiers>
<kineticLaw>
<math></math>
<listOfParameters>
<parameter id="U"/>
<parameter id="V"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>

What are those?

(“who” has been answered
by MIRIAM annotations)

Do those affect/are
affected by the reaction?

How should-
understand this?
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The Systems Biology Ontology

http://biomodels.net/sho

&

~
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Systems Biology Ontology vocabularies

m  Entities, that is existing objects, whether functional or material, such as
“macromolecule”, or “channel”.

124 "

m  Roles of reaction participants, including terms like “substrate”, “catalyst”
etc.

®m Parameter used in quantitative models. This vocabulary includes terms
like “Michaelis constant”, “forward unimolecular rate constant”etc. A term
may contain a precise mathematical expression stored as a MathML

lambda function. The variables refer to other parameters.

m Mathematical expressions. Examples of terms are “mass action kinetics”,
“Henri-Michaelis-Menten equation” etc. A term may contain a precise
mathematical expression stored as a MathML lambda function. The
variables refer to the other vocabularies.

m  Modelling framework to precise how to interpret the rate-law. E.g.

n 'y

“continuous modelling”, “discrete modelling” etc.
m Event type, such as “catalysis” or “addition of a chemical group”.
Le Novere N., Courtot M., Laibe C. Adding semantics in kinetics models of biochemical pathways.

Proc 2nd Intl Symp Experimental Standard Conditions of Enzyme Characterizations
(2007), 137-153. Available at http://www.beilstein-institut.de/index.php?id=196
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EBI > SBC > Browsing

SBO:0000031
Systems Biology Ontology
Hame
0 Briggs-Haldane rate law
Definition
= | SBO:0000000 - sho term Rate-law presented in"G.E. Briggs and J.B.S. Haldane (1925) A note on the kinetics of enzyme action,

) - ) Biochem. J., 19: 338-339". [t is a general rate equation that does not require the restriction of equilibrium
© 5B0:0000236 - entity of Henri-Michaelis-Menten ar irreversible reactions of Van Siyke, but instead make the hypothesis that the
8 SEO:0000231 - interaction comnl me-substrate is in quasi-steady-state. Although of the same form than the
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MathML

0268 - enzymatic rate law cmath xmlns="httpa-
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=]l ambda=
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<apply>
€ 5B0:0000029 - Henri-Mich <times/>
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apply*
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. ] Miscellaneous
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SBML and SBO

<listOfCompartments>
<compartment id="C” sboTerm="SBO:0000289">
</listOfCompartments>
<listOfSpecies>
<species id="A" sboTerm="SB0O:0000247" />
<species id="B” sboTerm="SB0:0000247" /
<species id="C"” sboTerm="SB0O:0000014" />
</listOfSpecies>
<listOfReactions>
<reaction sboTerm="SBO:0000172">
<listOfReactants>
<speciesReference species="A" sboTerm="SB0:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTerm="SB0:0000011"/>
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C"” sboTerm="SB0:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0:0000008"/>
<parameter id="V” sboTerm="SBO:0000025"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>
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SBML and SBO

<listOfCompartments>

<compartment id="C" sboTer@BO:OOOOZSB p functional compartment
</listOfCompartments>
<listOfSpecies>

<species id="A" sboTer{zlSRo+s660247" simple chemical
<species id="B" sboTerQ T=Torewes=Il p simple chemical
<species id="C" sboTexg= enzyme
</listOfSpecies>
<listOfReactions> — _
<reaction sboTer§=”sSB0:0000172">) —p- Catalysis
<listOfReactants>
<speciesReference species="A" sboTerr@O:OOOOOlBD >substrate
</listOfReactants>
<listOfProducts>
<§peciesReference species="B" sboTerr@O:OOOOOll} - product
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C"” sboTer £7SB0: 00000147 />) > catalyst
</listOfModifiers> — : | _
<kineticLaw sboTerC”SBO:0000031"> D= —p Briggs-Haldane equation

<listOfParameters>
<parameter id="U" sboTerm<’SBO; /> D —p Km
<parameter id="V” sboTerm¥?SBO: 7> P kcat
</listOfParameters>
</kineticLaw>

</reaction>
</listOfReactions>

Date Integration in Life Sciences, 20-22 July 2009, Manchester EMBL-EBI



Conversion between modeling frameworks

<listOfCompartments> discrete simulator
<compartment id="C” sboTerm="SBO:0000289">
</listOfCompartments> V] — (k—1+V) [A][C]
<listOfSpecies>
<species id="A" sboTerm="SB0O:0000247" />
<species id="B” sboTerm="SB0:0000247" / V2=k_1'[D]
<species id="C"” sboTerm="SB0O:0000014" />
</listOfSpecies> V3=V[D]

<listOfReactions>
<reaction sboTerm="SBO:0000172">
<listOfReactants>
<speciesReference species="A" sboTerm="SBOj;
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTerms
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C” sb

000015"/>

SBO:0000011"/>

/o nsmo-00000147/» CONEINUOUS simulator

</listOfModifiers>
<kineticLaw sboTerm="SB0:0000031"> . L C ) V ) [A]
<listOfParameters> V = lf j4
<parameter id="U" sboTerm="SB0:0000008"/> ( + [ ])

<parameter id="V” sboTerm="SBO:0000025"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>
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SBML to BioPAX conversion using SBO

<listOfCompartments>

<compartment id="C" sboTer@BO:OOOOZSB p GO annotation
</listOfCompartments>
<listOfSpecies>
<species 1id="A" sboTer=" SRouitututul Small molecule
<species id="B” sboTe $ » Small molecule
<species id="C” sboTerfy= Protein
</listOfSpecies>
<listOfReactions> _
<reaction sboTe ="SBO:000017@ —p- Catalysis
<listOfReactants>
<speciesReference species="A" sboTer ="SBO:0000015D—>physicaIEntityPartiCipant
</listOfReactants>
<listOfProducts>
<speciesReference species="B" sboTerr@o:ooooo11b—>physicaIEntityParticipant
</listOfProducts>
<listOfModifiers>
<speciesReference species="C” sboTer —"SBO:ooooo14D—>physicaIEntityParticipant
</listOfModifiers>

<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0:0000008"/>
<parameter id="V” sboTerm="SBO:0000025"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>

http:// www.biopax.org/
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SBML to SBGN conversion using SBO

<listOfCompartments>

<compartment id="C" sboTer@="SBO:0000289">) [
</listOfCompartments>
<listOfSpecies>

<species id="A" sboTe
<species id="B” sboTe
<species id="C" sboTexg=
</listOfSpecies>
<listOfReactions>
<reaction sboTe ="SBO:000017© — 1
<listOfReactants>
<speciesReference species="A" sboTernE"SB0O:0000015"/> —
</listOfReactants>
<listOfProducts>
<speciesReference species="B" sboTerr@O:OOOOOll”/> —
</listOfProducts>
<listOfModifiers>
<speciesReference species="C"” sboTer —"SBO:0000014D—> _O
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0:0000008"/>
<parameter id="V” sboTerm="SBO:0000025"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>

http://www.sbgn.org/
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SBML to SBGN conversion using SBO
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The Systems Biology Graphical
Notation

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

X—»Y
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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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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

catalyses the formation of
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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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Can-this be understood by biologists?

Replicative
Scenescence

S

aﬁon

Nucleus
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Can-this be understood by biologists?

/ Replicative
Senescence

Stimulates? but/.
what exactly?

Stimulates gene
transcription?

[x\{:ycllnE =
\ . G1
; et ( W Is degraded?
it ' @ h&aﬁon

f l;\fﬁ“nﬂ
\__./ Nucleus

Associates into?

Translocates?

No idea. Reciprocal
stimulation? =
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Every engineer understands that

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

RO
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What do-we expect in modern (future) life scienc
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and Researe h
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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

= 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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Graph trinity: three languages in one

Process diagrams Entity Relationships Activity Flow

diagrams diagrams

MEK

ERK

= Unambiguous

= Unambiguous
m  Mechanistic s Mechanistic = Ambiguous
' . m Conceptual
- Sl = Non-sequential P
m Subject to m Sequential
combinatorial - Indeper_ldenge
explosion of relationships
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Three orthogonal projections of biology
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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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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 —EI-» 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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Entity Pool Nodes

4 N ™

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

Logical Operators

Reference Nodes

T

tag

and operator

or operator

CDmplEX not Gperatur

b6
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Process Nodes
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Edges

P
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Syntax definition
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Metabolic network
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All those diagrams are identical

>

-©
@)

© @0\/@

Date Integration in Life Sciences, 20-22 July 2009, Manchester EMBL-EBI



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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Multistate and combinatorial explosion
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Example of Entity Relationships map
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SBGN Activity Flow L1 reference card
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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
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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.
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generous support of multiple organizations over the years, for which we are very
thanlful,
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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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