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Systembiologisches Datenmanagement:
Systembiologie (-medizin)

It's a -

Systems biology is the science that studies how
biological function emerges from the interactions
between the components of living systems.

... and how these emergent properties
enable/constrain the behavior
of these components.

Early microscope

(Folie: Olaf Wolkenhauer)
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Systembiologisches Datenmanagement:

Simulationsmodelle
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Cooper et al 2015

Abb: Menschliches Gehirn, Human Brain
Project, https://www.humanbrainproject.eu




Systembiologisches Datenmanagement:
Modelldaten

Researdh article Open Access

A systems biology approach to analyse amplification in the
JAK2-STATS signalling pathway

Julio Vera!, Julie Bachmann?, Andrea C Pleifer?, Verena Becker?,

Tose A Hormiga®, Nestor V Torres Darias?, Jens Timmer?, Ursula Klingmiiller?
and Olaf Wolkenhauer*!
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Publikationen Reaktionsnetzwerke Mathematische Modelle Simulationsbeschreibungen Ergebnisse

(Text, Tabellen) (XML, OWL/RDF) (MathML / XML) (XML, OWL/RDF) (CSV, Excel...)



Systembiologisches Datenmanagement:
Aufgaben

Standardisierung / Speicherung Auffindbarkeit / Retrieval

<txml version="1.0" encoding="UTf .
=sbml xmlr t 171
<model name="Michasli
<List0f Compar tments>
=compartment name="compartment” volume="1"f=
</List0fCompar tments>
<List0fSpecies=
<species name="E npartment="cempartment” initialAmount="0.%9%" boundaryConditior slse” /=
<species name mpartment empartment” initialAmount="1" boundaryCondition="true"/=

:;IEE‘{E.}T;L.L;;.;, FRATIEnEE CTRAr A s B O Rendyrendens e 2 Show me models of the Cell

Li-jtﬂch:actio!\—-" ) - . . .
"Z‘IEE:Z?@.“E‘;..;\-,“ e ) Cycle by Tyson that simulate
<specieseference specis toichiomat ry="1%/= .
Histotbrotuctss O cdk1 concentration!

<speciesReference spoci E toichiomet ry="1"/>
</List0fProducts>
<listOfModifierss

<speciesReference spoci E toichiometry="1" />
</listOfModifiers=

</reaction>

</list0fReactions>
</madel>
</shal>



Systembiologisches Datenmanagement:

Aufgaben

Versionierung / Provenance
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o "=+ Modification
Model was corrected

Abb.: Waltemath et al 2013

Weiterverwendbarkeit

Abb.: Martin Scharm, FAIRDOM webinar series 2016




Systembiologisches Datenmanagement:
Standardisierung
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Abb.: The Economist,
Trouble at the lab, 2013




Systembiologisches Datenmanagement:
Standardisierung

the @—
(@

COmputational Modeling in Blology NEtwork

Meetings | Entwicklung | Ressourcen |, Recognised voice”

Modelle Ontologien Guidelines

@ML > 100 interoperable Werkzeuge

o - Von Journalen gefordert
'§|llf "ML - “core” Standard & Erweiterungen

“1Ce - Offentlich verfiigbare Modelle

WIASE

‘

Simulationen

@ML




Systembiologisches Datenmanagement:
Standardisierung

‘Simulation description >

(Abb. angelehnt an Courtot et al 2011)




Systembiologisches Datenmanagement:
Standardisierung

g [ ‘Simulation description
goN mE==P

SBML
ooy 1o” SBRML
AcellML
Numerical results
v
NuML

(Abb. angelehnt an Courtot et al 2011)




Systembiologisches Datenmanagement:
Standardisierung

g g G N\\ Simulation description >
. by
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-
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the Gene Ontology

SBML
g

v identi fiest;?s

Model description

(Abb. angelehnt an Courtot et al 2011)




Systembiologisches Datenmanagement:
Standardisierung

Simulation description

BGN
J/% M |— Simulation :

BoF-:::r al _IL
AcellML

NeuroHL
?@253' A
Model description
> ’

Linked Data

/ Validation

(Abb. angelehnt an Courtot et al 2011)




Systembiologisches Datenmanagement:
Standardisierung

(Abb. angelehnt an Courtot et al 2011)




Systembiologisches Datenmanagement:
Standardisierung

Data Visualization Model Analysis
ol Bl Niraeiraii
ool SBol= o BML gy,
SoFA @G N - -._:-_}-—[r.- eeeee M
Packaging Infrastructure 53'%":::2?:'
e ? @
FieldML
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GPML MAMO

Abb.: Schreiber et al 2017




Systembiologisches Datenmanagement
Graph-basierte Speicherung

UTF-B"T=>
org/sbml /ey level="1" versien="1"»
en_king

=usLOI{wD.u tments
<compartment name="compart
</List0fCompar tments>
<list0fSpecies=
<species name
<species nam
<species name
=f115l0[5ncuu»
<listOfReactionss
<reaction na "R
<listOfRfeactantss
<speciesReference 5
</listOfReactantss> i,
<List0fProducts> (e
<speciesReference 5 5 e sost ] %
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Systembiologisches Datenmanagement:
Retrieval und Bewertung (MORRE)
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Show me models of the Cell

. Cycle by Tyson that simulate
O cdkl concentration!




Systembiologisches Datenmanagement:
Retrieval und Bewertung (MORRE)
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Show me models of the Cell

. Cycle by Tyson that simulate
U cdkl concentration!




Systembiologisches Datenmanagement:
Retrieval und Bewertung (MORRE)

J :"".."._\ **—}::ZTT‘U’7*7777777717_7.7777:/. - y e mvm‘
N VAN : T ® " How similar are these two models
® > as o @ P e with respect to structure?
" “"') i L i /./ 2 Y
o1’ ) y il = =y . . . . ,
acellML. 2 Annotation Wv Which models contain reactions with ‘ATP
e T e A as reactant and 'ADP" as product?

m__@_ e @eeeces
§§&' A Q Find good candidates for features
&8 ‘ ’ . ﬁ @ o describing my model set.

‘‘‘‘‘‘‘‘

E<f’ Show me models of the Cell
Which models are @ - Cycle by Tyson that simulate Which are the most frequently used
cdkl concentration! . -
GO annotations in my model set?

annotated with ‘Ubiquitin®?



Systembiologisches Datenmanagement:

Retrieval und Bewertung (MORRE
ERETIET S

(= Tyson1991

relevant models

author:
NOT
John
Doe

retrieve
models

Model Index

species
URI:
P04551

model

BIOMD
00000005

species—J

UniProt:P04551
IPR:006670

speciesURI:

ID:
Authors:
Date:

Species:
Reaction:

Publication:

BIOMD000000005
Tyson JJ.

13 Sep 2005 12:31:08
pubmed:1831270
cdc2k, cyclin ...

cyclin_cdc2k_dissociation, ...

P04551

URI

Semantic Index author:
NOT
John

Doe

ment:
cell

Cdk1, cdk1,

UniProt:P04551
IPR:006670

%alifiu

swo2. pi002,
SPBC11B10.09

Models by non-bogus authors describing
the Cell Cycle?

(Abb. angelehnt an Henkel et al (2010))

1. (0.8071) BIOMD0000000144 Calzone2007_CellCycle

2. (0.6057) BIOMDO0000000007 MNovak1997_CellCycle
3. (0.5882) BIOMDO000000195  Tyson2001_Cell Cycle Regulation

4. (0s661) BIOMDO000000000S

A

Tyson1991_CellCycle_6var

2008-01-21T14:59:57+00:00

2009-10-15T16:07:54+00:00

2009-03-16T14:37:30+00:00

2010-02-12T14:00:50+00:00

Show me models of the Cell Cycle,
not by John Doe that contain cdkl

and a compartment cell!

Lucene: species:cdkl, compartment:cell,



Analysen: Dokumentation von Anderungen

<
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How often did this model change,
when and why?

https://most.bio.informatik.uni-rostock.de/




Analysen: [dentifikation von haufigen Mustern

=TIC 15 REACTANT
SBML _Reaction p-oyslin
SBML_SPECIES(8) ﬁc«

et Signal transduction Transductor or inverter
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MAS PRODUCT : K= —oZ X—» Yy X—]Y
c cdc2k 5
y 2
\ g
Z
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¥ e
J
- )
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Is_uwoDiricn
total_cd
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SBML Reaction

K4
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IS_REACTANT . ’_w —

y
IS_REACTANT /IS REACTANT SBML_@
- [S_REACTANT

; - y
HAS PRODUCT gSpan algorithm, running on a cluster: 180GB RAM, ©
SBML Reaction
16 Intel(R) Xeon(R) CPU X5650 @ 2.67GHz -




Analysen: Modellahnlichkeiten

Encoding Network Structure
‘e o % 2N\ 'ﬁeef
ofje T e~ PN < i)
< 2 - h et
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similarity
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Mathematics

-
(s, p)=k,s—k.p =P v(s)=¢; J
M
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Quantitative Dynamics

[ oscillation 4=P stable limit cycle

Qualitative Dynamics

Abb.: Henkel et al (2017)




Analysen: Modellqualitat
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Abb.: Electrophysiology Web Lab, Cooper et al (2016)




/usammenfassung

Zugreifbar

Query database
for annotations, persons,
simulation descriptions

Mit anderen Standards verknupfbar

Retrieve information

fr= = about models, simulations,
RE SULTS ﬁgures, documentation Auffi n d ba r
( ]
( ) Export simulation study
( ) - as COMBINE archive
( J
Download archive

Op hive in CAT and open the study .

1o n?:d‘ilf;cils cz'\:lents and with your favourite Wiederverwendbar

to share it with others simulation tool

Iil In verschiedenen Software-Werkzeugen

CombineArchiveWeb nutzbar
Share Workspace

Abb: Waltemath and Scharm , BTW (2015) (links); M. Hucka, slideshare (rechts)




Und die Aussichten?
MORRE Medical Informatics

Edable Accesaible nteroperable Reusable
9%
/O &3 L

miracum

Medical Informatics in Research and Care in University Medicine




andardisierung und Wiederverwendung

Search &

Home | Projects Index ~ GMDS Project Group FAIR Data Infrastructures

L GMDS PI’OJECt GI’OUD FA'R Da.ta < Overview [ Request membership
Infrastructures

The GMDS project group bundiles activities for health-related FAIR data infrastructures in the fields of blomedical research, clinical data management and
medical informatics in Germany. It aims at providing a platform for information exchange about best p ice for and imp ion of FAIR data management
in these fields and constructing a network of FAIR data managements providers in these fields. Through bridging between providers and potential users of such
data management platforms within the GMDS it is expected that user requirements are better integrated in the development cycle. Joint activities such as

workshop and training events help to synergize

FAIRDOM PALS:

serman Assoclation for Medical Informatics, Bio

Programme:
Epidemiology (GMDS)

Project administrators: Martin Golebiewski, Benjamin Lohnhardt

SEEK ID: hups:/ifalrdomhul projects13:
s oD arapreject Project created: 17th Jan 2019
Public web page: Not specified

Organisms: No

Related items

People (T) Institutions (3) Events (0+1) Documents (0+2)

https://fairdomhub.org/projects/133




Integration Modelle und klinische Daten

ot

Dr. Matthias Konig
LiSyM - Systems Medicine of the Liver
https://livermetabolism.com/

SBML Zsem

@ML pharmML

publed Data sources

Public databases
Biobank
Studies, surveys

Abb.: Koenig et al. (2016) ODLS, Halle (Saale)




Integration Modelle und klinische Daten

Clinical data store/
Medical inform ation system

_—
Patient data N
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=——=| Dasa vom medical devices
Molecular data (-omics &
sequence data)
| —————
——————
publfQed Data sources

P ublic databases
Biobank
Studies, surveys
| S—

A A Liver function

Simulation module

50 years
170 cm
70 kg

GEC
2.4 mmole/min

female
74 years
153 cm
&5 kg

GEC
13 mmole/min

Simulation module

/

SBML e

@ML pharmML

GEC Reference Range

T T T T T
15 20 25 30 s
GEC [mmole/min]
H T
T T T T
15 20 25 e
GEC [mmole/min]

.. Koenig et al. (2016) ODLS, Halle (Saale)

Dr. Matthias Konig

LiSyM - Systems Medicine of the Liver

https://livermetabolism.com/




Datensuche, -retrieval und -ahnlichkeit

Hamburg

Niedersachsen ,~— Brononbum

SHIP-Studie, Quelle: http://www2.medizin.uni-
greifswald.de/cm/fv/ship/studienbeschreibung/

mmmmm

NAKO, Quelle: https://nako.de/
studienteilnehmer/studienzentren/

KAS+
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Metadaten-Extraktion
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Semantische Anreicherung
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cm/fv/ship/studienbeschreibung/ studienteilnehmer/studienzentren/ analysis options and collaboration
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https://www.medizininformatik-initiative.de/en/metadata-
data-availability-analysis-options-and-collaboration-options




MIRACUM - Ausbildung
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Vielen Dank fur lhre Auftmerksamkeit

b

Software:

Cardiac Electrophysiology Web Lab FAIRDOMHub BioModels Database

Dagmar Waltemath
0000-0002-5886-5563

W @dagmarwaltemath

L ) https://semsproject.github.io/

Praktika, Abschlussarbeiten,
Kooperationen, Besucher ...
Herzlich Willkommen!

MOST PMR2 JWS Online Simulation SED-ML Webtools

éxembine 2019

COmputational Modeling in Blology NEtwork

Heidelberg, Germany
15.—19. Juli 2019

Confirmed Keynote Speakers

+ Carole Goble, University of Manchester (UK)

« Peter Hunter, University of Auckland (New Zealand)

+ Ursula Kummer, University of Heidelberg (Germany)

= Thomas Lemberger, Chief Editor Malecular Systems Biology and Deputy Head EMBO Press, Heidelberg (Germany)

Confirmed Invited Speakers

+ Niklas Blomberg, Director ELIXIR network, Hinxton (UK) - tentatively confirmed
+ Akira Funahashi, Keio University, Yokohama (Japan)

+ Michael Hucka, California Institute of Technology, Pasadena, CA (USA)

+ Sarah Keating, University of Heidelberg (Germany)

« Matthias Kénig, Humboldt University Berlin (Germany)

+ Caroline Mendonga Costa, King's College London (UK)

+= Manuel Porcar Miralles, Institute for Integrative Systems Biology (I2SysBio), Valéncia (Spain)
+ Chris Myers, University of Utah, Salt Lake City, UT (USA)

+ David Nickerson, University of Auckland (New Zealand)

« Herbert Sauro, University of Washington, Seattle, WA (USA)

+ Judith Wodke, Humboldt University Berlin (Germany)

http://co.mbine.org/events/COMBINE 2019

DFG de#NBI [BElEU-STANDS/PM

\ standards for personalised medicine
GERMAK NETWORK FOR DIOINFORMATICS INFRASTRUCTURE




