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Sponsors	  and	  MoDvaDon	  

•  BMBF	  “Großprojekt“	  
•  ~45	  organisaDons	  
•  ~70	  groups	  
•  mulDscale	  rep	  of	  the	  liver	  
•  mulDscale	  data,	  models	  
•  imaging	  data	  

•  EU	  ERANet	  programme	  
•  122	  organisaDons	  
•  16	  mulD-‐inst.	  consorDa	  
•  independent	  projects	  in	  a	  

two-‐round	  funding	  iniDaDve	  



Funders	  	  
• Preserve	  results	  beyond	  projects.	  
• Organise	  &	  link	  data,	  models,	  
processes.	  

• Exchange	  &	  search	  iniDaDve‘s	  
assets.	  

• Share	  &	  disseminate	  results	  
•  Improve	  standard	  curaDon	  
pracDce.	  

• Pool	  capaciDes.	  
• Handle	  home-‐brewed	  soluDons	  
with	  mixed	  resourcing	  and	  no	  
access	  



People	  
	  
•  Dynamic	  distributed	  groups	  of	  
modellers	  and	  experimentalists.	  

•  Mixed	  teams	  of	  
experimentalists	  and	  modellers	  

•  Cherished	  own	  home-‐grown	  
and	  unstable	  data	  soluDons	  
– wikis,	  CMS,	  databases,	  
spreadsheets,	  files)	  

•  Access	  &	  visibility	  control	  over	  
shared	  content	  

	  



Content	  
•  Locally	  hosted	  private	  repositories	  
•  Public	  archives	  	  
•  From	  single-‐cell	  to	  human	  
•  Samples,	  Specimens,	  Standard	  Op	  
Procedures	  

	  
•  Small	  Data:	  Reactome…:	  files,	  
spreadsheets	  

•  Big	  Data:	  NGS,	  Mass	  Spec…:	  
Specialist	  repositories,	  files	  

•  Models:	  ODE,	  SBML,	  NaDve	  Matlab,	  
PDE,	  MulD-‐scale	  

	  •  In	  progress:	  versioning,	  track	  provenance	  and	  parameters	  
•  Published:	  citaDon,	  links	  to	  publicaDons	  



The	  Web-‐based	  SEEK	  Plaeorm	  
Ruby	  on	  RAILS	  3.2,	  BSD,	  	  

hgps://bitbucket.org/seek4science/seek	  

hgps://seek.sysmo-‐db.org/models/114	  

hgp://www.seek4science.org	  



Cataloguing	  

8	  

Find	  my	  peers	   CreaDng	  and	  sharing	  
SOPs	  across	  projects	  	  

Track	  my	  
specimens	  

yellow	  pages,	  manage	  SOPs	  and	  link	  them	  to	  invesDgaDons,	  studies,	  assays,	  
specimens	  and	  samples	  

Browse	  experimental	  data	  without	  
downloading	  them	  

How	  data,	  models	  and	  SOPs	  fit	  
together	  

Which	  data	  belong	  to	  which	  
publicaDon	  

Data	  viewing	  funcDonality	  
ISA:	  Link	  Studies	  to	  their	  data,	  models,	  
SOPs,	  samples,	  publicaDons	  

Track	  different	  
versions	  of	  my	  

model	  



Data 

Models 

Articles 

External 
Databases 

http://www.seek4science.org	  

Metadata 

http://www.isatools.org	  

Aggregated	  Asset	  Infrastructure	  
share	  and	  interlinking	  mulD-‐stewarded,	  	  mixed,	  

methods,	  models,	  data,	  samples…	  



Reproducibility	  
Cross-‐cataloguing/link,	  Packaging	  
•  People,	  experiments	  procedures,	  data,	  models,	  

samples,	  publicaDons	  
•  Common	  elements:	  enzyme	  rate	  equaDons;	  values	  for	  

the	  Km	  /	  Vmax	  (concentraDon	  of	  substrate	  /	  maximal	  
velocity	  of	  acDvity	  speed)	  of	  that	  enzyme	  

Model	  simulaDon	  
•  Integrated	  simulators	  &	  data	  comparisons	  
•  DifferenDate	  construcDon,	  validaDon	  &	  predicted	  data	  

Standards	  compliance	  
•  SBML,	  SED-‐ML,	  SBGN,	  MIBBI,	  ISA,	  MIRIAM,	  CellML.	  	  	  

COMBINE	  
•  CuraDon	  support:	  tools	  &	  services.	  
Access	  and	  Archiving	  
•  DeposiDon	  to	  public	  repositories	  
•  Gateway/cross-‐link	  to	  public	  archives	  &	  lab	  repositories	  
•  Public	  archive	  for	  publishers,	  funders,	  researchers,	  

trainers.	  
	  
	  



simulate	  models	  

project	  mgt,	  
access	  control	  
reporDng,	  citaDon	  
governance	  &	  
policies	  

yellow	  pages	  
of	  	  peers	  
projects,	  
experts	  

catalogue,	  link	  and	  
index	  data,	  models,	  
samples,	  specimens,	  
sops,	  experiments,	  
publicaDons	  using	  
standards	  

curate	  &	  
annotate	  data	  
and	  models	  using	  
standards	  with	  
compliance	  tools	  

incorporate	  public	  
data	  and	  model	  
repositories	  	  &	  tools	  
deposiDon	  

manage,	  store	  and	  
exchange	  different	  
types	  and	  scales	  of	  
data	  

Reproducibility	  Card	  

integrate	  local	  and	  
project	  tools	  and	  
data	  systems	  

scaled-‐out	  
collecDon	  &	  
analyDcs	  using	  third	  
party	  plaeorms	  

differenDate	  
construcDon,	  
validaDon	  &	  
predicted	  data	  



Yellow	  Pages	   InsDtuDons	  Projects	  People	  

ISA	  
InvesDgaDon	  
Study	  
Assay	  

Asset	  Catalogue	  

Models	  
Datafiles	  

SOPs	  
PublicaDons	  

Tags	  Versions	  
Access	  Privileges	  

PresentaDons	  Events	  

Datafiles	   Models	   SOPs	  

JERM
	  Extract,	  Harvest,	  Index	  

AP
Is
	  a
nd

	  L
in
ks
	  

BioModels	  

CheBI	  

BioPortal	  

PubMed	  

JWS	  Online	  

GEO	  

SABIO-‐RK	  

Web	  Interface	   REST	  API	  

Local	  SEEK	  

Wikis	  

CMS	  

Own	  DB	  

Direct	  Upload	  

Project	  DM	   External	  
SEEK	  

OpenBIS	  



Plug-‐in,	  Play	  nice	  
•  Gateway	  plugin	  framework	  	  

–  Tight	  and	  loose	  coupling	  
–  RAILS	  plugin	  or	  bundled	  	  GEM	  

•  Metadata	  framework	  
–  JERM	  and	  ISA	  

•  Different	  instances	  
–  Single	  query	  across	  all	  model	  
repositories	  

–  One	  click	  deposiDon	  
	   BioModels	  



Data….	  
•  Public	  and	  new	  data	  	  
•  Factors	  studied	  	  

–  Linked	  -‐>	  SABIO-‐RK	  and	  ChEBI	  
•  Samples	  and	  Specimens	  

–  Extends	  EBI/NCBI	  BioSamples	  

•  Treatment	  ExtracDon	  	  
•  Tagging	  with	  vocabularies	  
•  Spreadsheet-‐based	  data-‐view	  
•  Big	  Data	  

–  Upload	  and	  by	  email,	  Share	  by	  
trusted	  link,	  Link	  to	  external	  
repository	  

•  Access	  
–  DOIs	  and	  Temp	  links	  for	  reviews	  



SysMO	  projects	  Assay	  and	  Technology	  Type	  

binding

chromatography

electrophoresis

imaging

Mass	  Spec

microarray

PCR

structural

enzyme	  activity

culture	  growth

Unclassified not included 



	  Cytoscape	  

Repositories	  
•  Biomodels,	  JWS	  Online,	  

local	  SEEK	  
JWS	  Online	  Simulator	  
•  SBML	  support	  
•  Auto	  generaDon	  of	  SBGN	  

schemas	  for	  user	  models	  
•  SED-‐ML	  export	  	  
DataFuse	  
•  Link	  and	  compare	  

construcDon	  and	  validaDon	  
data	  with	  models	  

•  Run	  models	  with	  
parameter	  values	  from	  
spreadsheets	  

Models….	  
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VerificaBon	  
Comparison	  
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Results	  
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ISA-‐TAB	  

SBML	  
MIRIAM	  
SBGN	  
SemanDcSBML	  
CellML	  

ConstrucBon	  

PredicBon	  

MIBBI	  Standards	  
OBO	  Controlled	  
Vocabularies	  

SED-‐ML	  

SimulaDon	  Experiment	  DescripDon	  Markup	  Language	  

Standard	  Formats	  and	  Vocabularies	  



Standards,	  Structure,	  Interlink	  

ConstrucDon	   ValidaDon	  

Metabolomics 

Metabolomics 

Mass  
Spec Transcriptomics 

Proteomics 

Fluxomics 

Investigations 
Studies 

Assays 

Towards Interoperable 
Bioscience Data, Nature 
Genetics, 2012 

Assays 









hgp://bioportal.bioontology.org/ontologies/JERM	  	  expressed	  in	  OWL	  

262	  classes	  and	  43	  properDes	  

•  Overarching	  ApplicaDon	  Ontology	  
•  Describes	  and	  enriches	  the	  
relaDonships	  between	  things	  
produced	  and	  used	  in	  
experiments	  
–  experiment	  descripDons	  
–  provenance	  of	  projects	  
–  data,	  models,	  results,	  samples,	  
protocols,	  standard	  operaDng	  
procedures,	  publicaDon…	  

•  For	  the	  experiments	  themselves	  
–  reuse	  community	  ontologies,	  
markups,	  mim,	  idenDfiers	  

– MGED/EFO,	  PSI-‐MS,	  SBO,	  
CheBI	  ids	  etc	  

	  

Just	  Enough	  Results	  Model	  



Just	  Enough	  
Results	  Model	  
Describes	  and	  
enriches	  the	  
relaDonships	  
between	  things	  
produced	  and	  
used	  in	  
experiments.	  

hgp://bioportal.bioontology.org/ontologies/JERM	  

reuse	  
community	  
ontologies,	  
markups,	  mim,	  
idenDfiers	  



metadata	  sheets	  
sample	  sheets	  

data	  sheets	  

indexes	  

hgp://righeield.org.uk/	  

Just	  Enough	  
Results	  Model	  
Describes	  and	  
enriches	  the	  
relaDonships	  
between	  things	  
produced	  and	  
used	  in	  
experiments.	  

hgp://bioportal.bioontology.org/ontologies/JERM	  

reuse	  
community	  
ontologies,	  
markups,	  mim,	  
idenDfiers	  



Different	  types	  of	  
data	  
Plugins	  to	  registered	  
data	  repositories	  	  

Extract	  and	  
auto-‐
catalogue	  
metadata	  
	  

Define	  
relaDonships,	  
cross-‐link,	  
aggregate,	  query	  

standard based 
templates 

non-standard 
templates 

Open	  Modelling	  
Exchange	  Format	  

archive	  



Sys	  Bio	  Research	  Objects	  

Adobe	  UCF	  

Research	  Object	  
Bundle	  

ORE	   PROV	  ODF	  

•  Aggregation	  
•  Annotations/provenance	  
•  Ad-‐hoc	  domain-‐specific	  

specification	  

OMEX	  archive	  

Systems	  Biology:	  
A	  common	  archive	  
format	  for	  reuse	  across	  
tools	  

hgp://www.researchobject.org	  



SemanDc	  AnnotaDon	  by	  Stealth	  
Instrumented	  Spreadsheets	  

•  Desktop	  tool	  	  
•  Embed	  ranges	  of	  
ontology	  terms	  into	  
spreadsheets	  	  

•  Annotate	  data	  with	  terms	  
through	  	  drop-‐down	  lists	  

•  AutomaDcally	  extract	  
semanDcally	  annotated	  
metadata	  from	  
annotated	  spreadsheets	  
(and	  produce	  RDF)	  

hgp://righeield.org.uk/	  

metadata	  sheets	  

sample	  sheets	  

data	  sheets	  

indexes	  



QuesDon	   Lucene	   RDF	  

Which	  experiments	  were	  carried	  out	  on	  E.coli	  (organism	  X)?	   +	   +	  
What	   proteomic	   (experiment	   x)	   data	   is	   available?	   What	   types	   of	  

transcriptomics	  (assay	  type	  x)	  experiments	  were	  performed?	   +/+	   +/+	  

Who	  has	  experimental	  data	  on	  gene/protein/metabolite	  X	   +/+/+	   +/+/+	  
What	  data	  was	  used	  to	  construct	  the	  model	  and	  what	  data	  was	  used	  

to	  validate	  it?	   +	   +	  
Who	  is	  in	  the	  COSMIC	  (project	  X)	  project?	   +	   +	  
Are	  there	  any	  models	  on	  yeast	  (models	  on	  X)?	   +	   +	  
What	   SOP	  were	  used	   in	   experiment	  X?	   are	   there	   any	  protocols	   for	  

Mass	  Spectroscopy	  (tech	  type	  X)	  experiments?	   -‐	   +	  

Which	  microarray	  data	  files	  show	  up-‐regulaDon	   in	  genes	  with	  Gene	  
ontology	  molecular	  funcDon	  X	  	   -‐	   +	  

Who	  is	  in	  more	  than	  one	  SysMO	  project?	   -‐	   +	  

What	  are	  the	  factors	  studied	  in	  the	  MOSES	  project	  (project	  X)?	   -‐	   +	  

What	   range	   of	   concentraDons	   of	   metabolites	   (extra-‐	   and	  
intracellular)	  are	  detectable	  from	  organism	  XXX	   -‐	   +	  

How	  good	  is	  the	  correlaDon	  between	  transcriptome	  levels,	  proteome	  
levels	   and	   enzyme	   acDviDes	   in	   organism	  X	   in	   study	   Y?	   Is	   a	   Dme	   delay	  
observed?	  

-‐	   -‐	  



Reproducible	  (Open?)	  Research	  

Data	  sharing,	  
openness	  and	  
careers	  
incenDve	  
	  

See	  Titus	  and	  Phil	  talks	  



Open	  Research:	  Research	  Groups	  &	  Lifecycles	  
•  Sharing	  policy	  	  
•  Visibility,	  Downloadability	  
•  Fine	  grained	  permissions	  

•  Protocols	  for	  
– Management	  transfer	  	  
– Visibility	  feedback	  and	  sharing	  
workflows	  

– PublicaDon	  data	  deposiDon	  in	  
external	  public	  stores	  	  

– Batch	  publishing	  
	  

	  

Within	  Project	  
Versions	  

RetracDons	  

Across	  Projects	  
Versions	  

Public	  
Final	  version	  
No	  RetracDon	  

Manager	  

Owner	  

Gatekeeper	  



OpenBIS	  and	  SEEK	  	  

Open	  BIS	  back-‐end:	  Extract,	  Transform	  and	  Load	  tooling	  	  direct	  from	  the	  
instrumentaDon,	  along	  with	  data	  analysis	  pipelines.	  AutomaDc	  archiving.	  Handles	  
large	  data.	  
	  
SEEK	  front-‐end:	  A	  rich	  web	  interface	  for	  describing,	  finding,	  linking	  and	  promoDng	  
ongoing	  research	  and	  outcomes.	  

ETL	   ETL	  



Open	  Source	  	  
Customisable	  Plaeorm	  

hgps://bitbucket.org/seek4science/seek	  
	  

Vrije	  Universiteit,	  Amsterdam	  

Systems 
Science for 
Health (SSfH) MACS 

Yeast 
Glycolysis 



Open	  Source	  	  
Customisable	  Plaeorm	  

hgps://bitbucket.org/seek4science/seek	  



	  
Open	  Facility	  for	  European	  Systems	  
Biology	  data	  &	  model	  management	  	  

seeded	  by	  EU	  programmes	  

•  Pla6orm	  
– SEEK	  +	  openBIS	  +	  new	  features	  &	  styling	  

•  Resource	  
– EuroSEEK	  +	  pool	  of	  community	  resources	  
(including	  established	  SEEKs).	  

–  Independent	  researchers.	  Secure	  data.	  
•  Facility	  

– CuraDon	  &	  support	  services,	  training	  

hgp://fair-‐dom.org/	  



	  
Open	  Facility	  for	  European	  Systems	  
Biology	  data	  &	  model	  management	  	  

seeded	  by	  EU	  programmes	  

•  Community	  
– workshops,	  user	  and	  developer	  forums,	  
knowledge	  network,	  standards	  &	  policy,	  
training,	  FAIRDOM	  FoundaDon,	  Model	  
Carpentry.	  

•  Sys	  Bio	  Developers	  Foundry	  workshop	  	  
6-‐7	  October	  Heidelberg	  
h]p://fair-‐dom.org/wiki/Foundry_workshop	  

•  RI	  
– working	  with	  other	  EU	  RIs,	  an	  EU	  network	  of	  
naDonal	  faciliDes,	  funding	  models.	  

hgp://fair-‐dom.org/	  
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