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Tutorial Agenda July 4th 2018

9:00— 9:10 Welcome and tour de table
9:10— 9:30 FAIRDOM introduction

9:30 - 9:45 Introduction into SABIO-RK
9:45 —10:10 SEEK hands on

10:10 — 10:30 Coffee break

10:30 —11:15 Modelling SEEK hands on

11:15-11:45 Programmatic access to SEEK
11:45—-12:00 Wrap up

MANCHESTER
i iHITS de"".NBI ..ERASYSAPP "LISyM tﬂl



Many researchers do not share their

data or models in open repositories

Data

| GEO 19%:
| Array Ex. @ 1%
| _ENA ® 6%

*top three most popular

Models

Share
44%

BioModels g 33%
JWSOnline gg 3%
~ CellML ® 7%

The evolution of standards and data management practices in systems biology (2015).
Stanford, Wolstencroft, Golebiewski, et al., Molecular Systems Biology, 11(12):851
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How to Share Data FAIR ?

SCIENTIFIC DATAE &)
FAIRDOM
Findable
Box 2 | The FAIR Guiding Principles

To be Findable: AcceSSi b | e

F1. (meta)data are assigned a globally unique and persistent identifier
F2. data are described with rich metadata (defined by R1 below)
F3. metadata cleardy and explicitly indude the identifier of the data it describes

F4. (meta)data are registered or indexed in a searchable resource I nte rope ra b | e

To be Accessible:
Al. (meta)data are retrievable by their identifier using a standardized communications protocol

Al.l the protocol is open, free, and universally implementable Re U Sa b I e

Al.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
12. (meta)data use vocabularies that follow FAIR principles

13. (meta)data indude qualified references to other (meta)data

To be Reusable: Data

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
R1.1. (meta)data are released with a clear and accessible data usage license

R1.2. (meta)data are associated with detailed provenance O pe rat i O n S

R1.3. (meta)data meet domain-relevant community standards

SCIENTIFIC DATA (2016), 3: 160018 Models
https://www.force11.org/group/fairgroup/fairprinciples
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Data representation needs standardized
formatting and description

CORREALIST TAINTER mm
WAGRITTE AND NS BROTHER, ke
sm:msr rwmm ROVRiGo.|
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Modelers often use several software tools

[P e—rr s
COPASI

Version 48 (RuiM 35)

o ‘«_—Jr—
| ' - -
i

_— -

SBML = format for exchanging biological models between tools

Hucka M, Finney A, Sauro HM, et al.: The systems biology markup language (SBML): a medium for representation and exchange of
biochemical network models. Bioinformatics (2003) 19(4): 524-531
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Systems Biology Graphical Notation: SBGN

Process Description Entity Relationships Activity Flow

maps maps maps

Unambiguous » Unambiguous » Ambiguous
Mechanistic » Mechanistic » Conceptual
Sequential » Non-Sequential » Sequential
Combinatorial explosion

Le Novere N, Hucka M, Mi H, Moodie S, Schreiber F, Sorokin A, Demir E, Wegner K, Aladjem MI, Wimalaratne SM, Bergman FT, Gauges

R, Ghazal P, Kawaji H, Li L, Matsuoka Y, Villéger A, Boyd SE, Calzone L, et al.
- j ] HITS

The Systems Biology Graphical Notation. Nature Biotechnology 27(8): 73541 (2009)

NORMSYS @ |z http://www.sbgn.org




_________________________________________________________________________________________________

SBOL 2 ( ]+[

— oD T Cald

| | TATAATAGGATT GATTACAGGGTTAGC \CTGATTACAGG ATGGCAGCCT | |

_________________________________________________________________________________________________

SBOL 1 - > T P ald

_________________________________________________________________________________________________

_____________________________________________________________________________________________________

Promoter CcDs Promoter CcDs
Gen Bank TATAATAGGATT-GATTACAGGGTTAGC-CTGA'I'I' GTTAGCAA-

¢

FASTA TATAATAGGATTCCGCAATGGATTACAGGGTTAGCAAATGGCAGCCTGATTACAGGGTTAGCAAATGGCAGCCT

Michal Galdzicki, Kevin P. Clancy, Emst Oberortner, Matthew Pocock, Jacqueline Quinn, Cesar A. Rodriguez, Nicholas Roehner, Mandy

L. Wilson, et al.: The Synthetic Biology Open Language (SBOL) provides a community standard for communicating designs in
synthetic biology. Nature Biotechnology 32, 545-550 (2014)

NORMSYS ”~'| http://sbolstandard.org %H.TS
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Terminologies, Ontologies and Controlled Vocabulary

Simulation description >

Numerical results

Model description

Courtot M, Juty N, KnlUpfer C, Waltemath D, Zhukova A, Drager A, Dumontier M, Finney A, Golebiewski M,
Hastings J, Hoops S, Keating S, Kell DB, Kerrien S, Lawson J, Lister A, Lu J, Machne R, Mendes P, Pocock

M, Rodriguez N, Villeger A, Wilkinson DJ, Wimalaratne S, Laibe C, Hucka M, Le Novére N:

Controlled vocabularies and semantics in systems biology 3
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Researchers do not always use data,

metadata or model standards

Format Metadata Ontologies
Do Not
Use
44%
(SBML SEEEEEEE  60% | |MIRIAM EEEEN u%) (60 mmm a7% |
| SBGN =N 22% | [(MIAME @B 16%| [ ChEBl mmm 21% |
' FASTA BB 15% | [miase @B 1% ] [ KISAC = 16%

*top three most popular

The evolution of standards and data management practices in systems biology (2015).
Stanford, Wolstencroft, Golebiewski, et al., Molecular Systems Biology, 11(12):851
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Community (de-facto) standards in life sciences

548+
T W3 ] 2

1|04 mo P
. Biodiversity
s OME oo

WE SET THE %genomc

‘CDISC . N

, Formats Termmologoes Guodehnes . ‘-';; Global Alliance

de jure — 1 @ | @ | de facto
standard ' ' ;1000 o ' grass-roots

organizations groups

SRAxmI VO AAO MIAME
SOFT FASTA OBl CHEBI MIRIAM
MIQAS
CML picom PATO  ENVO M GEN REMARK
GELML SBRML MO0 MIQE
TEDDY MIAPE

MITAB . XAO BTO ARRIVE  CONSORT

ISA  SEDML po PRO po MIASE  MISFISHIE

_— FAIRsharing.org
NORMSYS @)= > standards, databases, policies Wttps://fairsharing.org %
o HITS

Source: Susanna-Assunta Sansone (University of Oxford, UK)



So many standards...

HOW STANDARDS PROUFERATE:
(4EE: A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, £TC)

M?! RIDICULOLS! SOON:

WE NEED To DEVELOP

.| | ONE UNIERSAL STANDARD :

SITUATON: || AT covers Evervone's | | STTUATION:

THERE. ARE USE CASES. THERE. ARE

YERH!

4 COMPETING \ ) 15 COMPETING
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Interoperability of Modelling Standards

(1)

SN | BML g

BGN

[BioPAx}/
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Harmonized standard formats ensure

the interoperability of data & models

Example Great Baltimore fire of 1904

‘ “ N » \n
\

)

e [Sa

Individual fire hydrants depending on region ”:
with 600 variations of hose couplings wnsumcrouoc.
- Need for interoperability of formats =
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Coordination of standard development in systems biology
4

the @— — | @ G

computational modeling in biology network

http://co.mbine.org/

The “WorldWide Web consortium” of modelling in biology

Interoperable Standards
For modelling in biology

< J

Hucka M, Nickerson DP, Bader GD, Bergmann FT, Cooper J, Demir E, Garny A, Golebiewski M,
Myers CJ, Schreiber F, Waltemath D, Le Novére N:

Promoting Coordinated Development of Community-Based Information Standards for
Modeling in Biology: The COMBINE Initiative

Front Bioeng Biotechnol. (2015) 3:19. doi: 10.3389/fbioe.2015.00019
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Overview of the COMBINE standards

Standards for Knowledge
Representation

BioPAX

SBol

Core
Standards

Standards for Visual
Representation

BGN
I_VISIIAL

Standards for Models
and their Analyses

BML Zsamm
: %_t—[Neuron L]

@ML

Associated .
Standards Projects

Used by core O
standards

Infrastructure

BioModels.net
qualifiers

Controlled
Vocabularies

adapted from:
Schreiber F, Bader GD, Gleeson P, Golebiewski M, Hucka M, Le Novére N, Myers C, Nickerson D,
Sommer B, Walthemath D:
Specifications of Standards in Systems and Synthetic Biology: Status and Developments in 2016
J Integr Bioinform. (2016) 13:289. doi: 10.2390/biecoll-jib-2016-289
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- |
NORMSYS Modeling Standards in Systems Biology

Home Standard Formas Bologoal Applcator Modeding Formals e e [ sa~gee Matrcons «

The NormSys Registry for Modeling Standards

This registry aims at surveying standand formats for computational modeling n Dology. | not only lsts e standands, but also compares heir major features, the possitie felds of biclogical appiication and use
cases (Including model exampies), as wel as el relatlionships, commonaities and dfierences. This regalry provides & COMMON entry point for modelerns and software developers who plan 1o apply the standards for
haif reSpPOCIve Case Of APPACATON, ANd Srves them with detaled MorMaion and Inks 10 T SANdads. s Spechicasons and APls

The niomason provided in this system does Not CAm 10 De COMpiete Of AR COMPESENG. NOr CAN we Guiranies Any ADSNce Of defectiveress. However, we ColOCt and sssembie the Inlormation 10 ™he best of our
knowiledge and beled 10 10 asss! N selecting Tw appropriane standard format 1or your specic regurements. Mease note That he system & work in progress and 8 constantly revised and extended Any leedback
and sugQosbhons for COMBcions Of Improvements, as woll as for new feids of appicatons 10 be Nouded (wih example Models) are highly welcome

http://normsys.h-its.org/

Format Classes

Systems Biology Markup CellML Systems Biology Simulation Experiment
Language (SBML) Graphical Notation Description Markup

(SBGN) Language (SED-ML)
L

Pharmacometrics Markup NeuroML FieldML Synthetic Biology Open
Language (pharmML) Language (SBOL)

— m —
p—

NORMSYS ez ).
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Show results for

or fer by
Format class

Systerms Biology Markup Language (!

Software

NORMSYS

Supporind

Standard Formats

-

L

Tedecw Voarny
N e AMNaay
i gy

SBML L3V1 Core

Systems Biology Markup Language Level 3 Version 1 Core
Synopsis

Ropresentaton of Dological processes as a set of processes. ™at are Converting pools of entites INo other Pools entities.

Description

Systoms Biology Markup Language (SBML), a free, open, XIML-based format for representing biochemical reaction networks. SBML & a software-
ndependent language for describing Models COmMMON 10 esearch in many areas of computatonal biology. NCludng ool Sgnaing paMways, metabolic
pathways, Qone reguiation, and ofhers *

IV Mucka of & Bhosslormanios (2003 10 (4) 824801)

Bologcal Applostions Clans Detats Licerse Links Trarwformations L Valdatcor

Publication Date
O w2010

Authors

2 Hucka, Michae!
A Sahlo, Sven

A M Kesting. Sarah
2 J Wikinson, Dasren

A Hoops, Stetan
A P. Smh, Lucian

A T Bergmann, Frank
A C. Schaft, James

il
|
| ]
o

j ] HITS




Standard Formats

SBML L3V1 Core

Systems Biology Markup Language Level 3 Version 1 Core

Synopsis

Reprosentation of biclogical processes as a set of processes, that are converting pools of entities Into other pools entities.

Description

Systerns Biclogy Markup Language (SBML), a free, open, XML-based format for representing biochemical reaction networks. SBML is a software-
independent language for describing models comman 10 research in many areas of computasional biclogy, including cell signaling pathways, metabolic
pathways, gene reguiation, and others.”

"ML Hucka of sl Bordormatics (2000) 19 (4): 524-531)

Biological Applications

Webpage
« SBML

Model repository

mmmmwmw

Specification Publication
o SBML o The systems biclogy markup language
« The Systems Biology Markup (SBML): a medium for representation
Language (SBML): Language and exchange of bicchemical network
Specification for Level 3 Version 1 Core models.
Software Repository
o SBML Software Guide

NORMSYS “'.'."l-..,_.__m

j ] HITS




Standard Formats  Dtoptaying: 1 | Pouns: 1 | Toust: 46

Seloct
Format
. SBML L3V1 Core
pap— Systems Biology Markup Language Level 3 Version 1 Core
Format class Synopsis
Systems Biology Markup Language (! ¢ Representation of bological processes as a set of processes, that are converting pools of entities Mo other Pools entities
Description
Biological application
Sywtoms Biology Markup Language (SBML), a free, open, XML -based format 1or representng blochemical reaction notworks. SBML is a software-
: Indepondent language 10r doscriding models CoOmmMOn 1 research in many areas of computational biology. INCluding cell sgnaing pathways, metabokc
pathwarys, 0ene reguiation, and others *
Modeling formalism MV Mucka of o Brosnioematios (2003) 19 (€) 524-831)
. Bological Appicasons  Class  Detads  Licsnse  Lrks  Transformafions  APls  Valdasor
Software

- - A A A AV o4

Supported biological scale SBMLLIVICore WAntimony CefiDesigner  [NewoML — SBMLZSBGNML
Arcada
mORCIar
. CeliML 1.1 Ammony - - - - -
s SBGNPDLIVID ~ - - - - -
organ
organism NewroML2betad NewoMl. - - - - -
- SBOL v20 8osm - - - - -
Spatial representation SBGN-ML 0.2 _ _ _ _ _ _
Compartmen

NORMSYS w | S % HITS

" Loy




Home Standard Formats Blological Application Modeling Formalism Software Example Matricos ~

Hu O /\|1|)!1 Mions

Format Transformation

- y&fffffxf&’ff

Multi-organism Process v v
Signaling v v v v v o - - - - - - -

E

Pharmacokinetic v ¢ = = = e e ¢ = e e = -
Pharmacodynamics vV ¢ = = = e e ¢ = = = = -
izhikevich-based Neuron Models v = = = = =« ¢ = = = = = =
Synthetic Gene RegulatoryNetwork ¢ = ¢ ¥ ¥ = = = ¢ ¢ = = -
Metabolic Process A .
Immune Response ¢V ¢ = = ¢ = e e e e e = -
Circadian Rhythm V ¢ ¢ = = = ¢ = = = = = =
Regulation of Gene Expression vV ¢ ¢ ¢ ¢ = = = e ¢ = = -
Electrophysiology v v - = - -y - e -y -



Home Standard Formats Biological Application Modeling Formalism Software Example Matrices ~ Valdate Model (beta)

Validation

You can valdate your xmi model file against a selected format.

This validation is using ibxmi2 (Mip.ixmisoft.oeg/) %0 process the xmi fle using the Format's xsd schema (and dependencies).

Aler you select the Format your moded is for, and upload a model Sle (*xmi), the Sle will be validated on this server, Upon completion you shouki see on 10p, if it was successiul
The two tabs below show the model fle (with annotated errors If there are such). Aternasively, all errors can be inspected as a table.

Format
Systerns Bology Markup Language Level 2 Version & ¢

Model file as xml
Datel auswaien  Keine Date., usgowahit

Valdate Mode! File

XMLEmors @)  Extornal resource annotaton @) ROF Graphs @) Aernative Vialidators

0u Erroes: oo vo: [
External Resource Probimes; jump 10:
1 <txml version='1.0"' encoding='UTr-8' standalone='no'?>
2
3+ <le~ This model was downloaded from BioModels Database «~->
4% <le= Mon Oct 10 15:40:40 DST 2016 -—>
5% €les http://www.ebl.ac.uk/biomodels/ >

NORMSYS 0';*:'-_-3-1- https://normsys.h-its.org/validate %H"s



FAIRDOM data management:

Share your data FAIR

www.fair-dom.org
Findable Data
Accessible Operating
Interoperable procedures
Reusable Models

Heidelberg Institute for
Theoretical Studies

The University of Manchester

% MANCHESTER. 5 -
1824 ! l.\l\‘f‘f\"\”f”-srf‘l|f’\'f’x(]\[i”~lNVI\T’R\IT\
HITS 1 kennisvennoot-vour knowledae partner
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FAIRDOM pillars

Community Actions

Project Stewardship Services

A Central Public Hub for Projects

Project Specific Installations

Software Platform + Tools

f——E

N .
version,

tracking =
| Pprovenance C
]

parameters OD

citation

Data \ E Workflows
Samples _:;_
metadata | o —1 —
. Articles
Presentations
events

Metadata People Processes

o
.



FAIRDOM asset management

an ecosystem Of resources

£0 ./.\. Front end
o, © m Ega /4 \ Projects Hub

."' iii@.;’ \HUB/ Entry Point

Sharing Organisation @ seex

\./

é ﬂ UUUMLL - Back end

Onsite storage &

NelS

analytics
Norwegian e-Infratructure for Life Scences —
CHESTER
52] desNBI @ERASYsAPP @ LISYM w|z:

HITS TheUmvemtyofl\/\anchester B0t for Aoled — Syrtvmn, Bokogy

""‘0pea§!ﬂ§

Web-based portal
Project spaces

Metadata catalogue

Yellow pages
Results repository
Collaboration
Archives Gateway

On site

Tracking
Pipelines

LIMS, Instruments
Large data
Samples
Auto-archiving




SEEK as a local (project-specific) instance

or as FAIRDOMHub in the cloud

EMSL™

Pacific Northwest
AAAAAAAAAAAAAAAAAA

/ FAIRDOM \
- ° HUB €
Siberian
E?SynthSys SEER
e Service hosted at HITS

Institutional Guarantee at least until 2029

Wolstencroft, Owen, Krebs, Nguyen, Stanford, Golebiewski, et al. (2015):
SEEK: a systems biology data and model management platform,

BMC Systems Biology, 9:33 (doi: 10.1186/s12918-015-0174-y)

MANCHESTER
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Ky Institution area
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ISA: Organising and linking assets

nvestigation

ISA provides a
directory structure
for experiments

and models sop |l J ~ =g l
Nature Genetics 44, 121-126 (2012) - Validatior® T
doi:10.1038/ng.1054 Construction .-/

(R
MANCHESTER
] SNBI & s -
HITS TheUniversityofhester de.“’NBI . E\-Rbﬁ SH-'A"iP ' . y |



aeeeer 9% Cross-relating experiments & models:

low pages Context of investigationS/Studies

Programmes

Projects
Institutions
Peop[e R —
R , Glucose metabolism in Plasmodium .
e falciparum trophozoites - m J -
INVESTIGALIONS | e cestputen et s consmvene st vetten o o cvtes cumomatns et v gysyes S0 s swasin Famation Sapmns & 00 : lyschls
Studies I f—— - JU'L;:[I[
Assays - - &
. - Data
Data files Study __Analysis  cw NModel
Models . | e T p—
SOPs <L (Assay) SOP A

o Investigation e e —
Publications ' = N

Prr VS Poghata
28 e e « PFK Kinetic model

Presentations
Sample types Related Items
Organisms =




Store & catalogue - Aggregation across repositories

° ° B | External Databases
¢HUB: "

| SOPs p——

Data e
Models == ﬁ Publishing services -

FAIRDOM

Samples

ﬂhuﬁhﬁ

isa _-_‘k

Secure Stores

- In House Stores

JWS | Model Resources
ONLINE
% MANCHESTER.
1824

HITS  The University of Manchester




« Kinetic model for incubation
(penkier2) - JWS Online Model
Simulation

° o -
L L R . »
e e - -
o c
- —— ‘ - )
D ® 7. i
N &
- M L e »
S ¢ b-
— -
(- » .
—— o,
o o (=
’- Do
@ TP @V @@
o o

st Model comparison

BGN

(tcr e (oRnsm) ¢

SBML Dufferences
e amenon Model versioning

Paareton

Cormrpaniments

. PN - g

~ o - e -
A - commgasr b — - - -
AT O COMPEIIREIT T TETGRE R A T
A - G M - g -
e e i I
AT Cale GGV " g -
N ie cummgeartrmard Van argt i d e ———
A " COMDETIRGNT T g -
Ar Gade cumgatr St | P
e e >

Reproducing simulations

e [Jacky Snoep, Dagmar
Waltemath, Martin
R Peters, Martin Scharm]

Fowre Al idrd

SED-ML Simulation Result: bachmann2011

L



Model curation. Reproducible Figures

Bioinformatics, 2017, 1-2
doi: 10.1093/bioinformatics/btw831

sg‘s%enﬁs r Applications Note
bi
I
paper : >
’ x g :i scientific '
(// - review
authorl q ()
- sargmnngrnngirigmnng '
data I _
editor
*
model readers
techmcal
curation
/'/.\'\
‘ ' ‘ ceHUB*
\. ./ ‘ '
T Lt
paper submission paper review paper published

[Jacky Snoep, Dagmar Waltemath, Martin Peters, Martin Scharm]




FAIR Publishing support

http://doi.org/10.15490/seek.1.investigation.56
Construction and validation of a detailed kinetic model of
glycolysis in Plasmodium falciparum

Giuoose metabolism in Plasmodium

Gerald Penkler'?, Francois du Toit!, Waldo Adams', Marina Rautenbach!, iparum trophozoites

Daniel C. Palm!, David D. van Niekerk! & Ja

ocp!22+

, Glucose metabolism in Plasmodium
February 12, 2015 falciparum trophozoites

The investigation entails
blood stage trophozoite form

= construction and validation of 3 detalled mathematical mode for glycolysis of the malaria parasite Plasmodium faloiparum

© Contributors

1 Abstract

1D:55

The enzymes in the Embden-Meyerhof-Parnss pathway of Plasmodium falciparum trophozoites
were kinetically characterised and their integrated sctivities lysed in & mathematical model.
For validation of the model we compared model predictions for steady state fluxes and metsbolite
concentrations of the hexose phosphates with experimental values for intact parasites. The
model, which is completely based on kinetic parameters that were measured for the individual
enzymes, gives an accurate prediction of the steady state fluxes and intermediate concentrations
This is the first detailed kinetie model for glucose metabolism in P. falciparum, one of the mast
prolific malaris-causing protozoa, and the high predictive power of the model makes it a strong
tool for future drug target identi™ P o :
reproducible, and completely doc dlCex
and model files are available for ¢

Projects:

Activity

Selected item: Investigation Full graph ¥

‘ Study Model constructon

Database

The mathematical models descri
Systems Modelling Database and
investigation and complete experi
(doi: 10.15490 /seck. 1.investigatio

Imestigation: Glucose metabolism in
Plasmodium falcipanum rophozoites

2 Abbreviations

blication. Consiruction end
vaidation of a detailed kinetic.
mmg{cmm
lasmod...

enzymes: ALD, fructose-bisp
3-phosphate dehydrogenase (
phosphate dehydrogenase (EC
6-phosphate isomerase (EC
PFK, 6-phosphofructokinase
2.7.2.3); PGM, phosphoglyc

cortesponding author,
! Department of Bioches
Jls@isun.acza, phone:
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Project-specific support:

German Liver Systems Medicine Network (LiSyM)
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Aggregation of patient datasets
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LiSyM SEEK: Programmatic access (API)
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Structured data transfered
to SEEK by Matthias Konig

(Berlin) by using the
LiSyM SEEK API

- DS G

Q..
m
e
&

®
S

% MANCHESTER
1824

= @p LiSyM @)
HITS  The University of Manchester ERASVSAPP ' e *I""-

i for Agoed * Syteemn, By




Integration of data into SEEK from external resources

(e.g. openBIS instance at DKFZ for LiSyM)
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Clinical data sharing concept:

CLINICAL DATA SUPPORT

e.g. LiSyM clinical data
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LiSyM SEEK
Summarlutlon
via common
code

Mapped on
common
format

Initial
format

Challenge:

Clinical partners often
cannot share person-
related data (e.g. for
& patient samples)

Solution:
e Share table structure

 Create & share
common code

- Create aggregated
summaries (on-site)
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Data management PALs - Our advocates in projects

Find colleagues
Ask colleagues

. Transmit to colleagues
Data management training

» Expert group for clinical data
* Interest sub-group for SEEK AP
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[)M T»eam Requirements & Suggestions:

 Training needs for users LiSyM
« Suggestions to improve SEEK DM PALs
+  Requirements for new SEEK Collect answers

features and DM services Get requirements
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FAIRDOMHub: a repository and collaboration

environment for sharing systems biology research
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Nucleic Acids Research, Volume 45, Issue D1, 4 January 2017, Pages D404-D407,
https://doi.org/10.1093/nar/gkw1032




