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New way of doing biomedical research

Needs for cooperation 
and standardisation





Experiment

model

hypothesis

Needs for interplay between 
models and reality tests





dx

dt
= f(X;P; t)

Needs for systems thinking and 
integration of heterogeneous knowledge 




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● Allows efficient search strategies

● Unambiguously identifies dataset components

● Improves understanding the structure of the dataset 
● Eases comparison of different datasets
● Eases the integration of datasets (of the same type)

● Add a semantic layer to the dataset

● Improve understanding of the biology behind the dataset
● Allow conversion and reuse of the dataset
● Ease the integration of different types of datasets

Data annotation is essential for integrative biology 
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Annotation heavily relies on cross-references

NP_012345

2018

ENSG00000139618

P62158

EBI-2307691

BIOMD0000000048

REACT_1590

PMID:16333295

GO:0006915

CHEBI:36927

00005727210.1038/nbt1156

0807.4956v1

978-1584885658

WBGene00000001

E-MEXP-1712
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Annotation relies on cross-references

NP_012345

2018

ENSG00000139618

P62158

EBI-2307691

BIOMD0000000048

REACT_1590

PMID:16333295

GO:0006915

CHEBI:36927

00005727210.1038/nbt1156

0807.4956v1

978-1584885658

WBGene00000001

E-MEXP-1712

but...
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9606

Limitations of data collection specific identifiers
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   ambiguous 9606

In UniProt taxonomy
Homo sapiens

In PubMed
Kohlhausen K. Offentl Gesundheitswes. 
1976 38:424-30.

In Biogrid
Arabidopsis thaliana 
senescence/dehydration-
associated protein-related

In PubChem
3-Fluorotoluene 

...

Limitations of data collection specific identifiers
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   ambiguous 9606

In UniProt taxonomy
Homo sapiens

In PubMed
Kohlhausen K. Offentl Gesundheitswes. 
1976 38:424-30.

In Biogrid
Arabidopsis thaliana 
senescence/dehydration-
associated protein-related

In PubChem
3-Fluorotoluene 

...

What is “9606”?

Limitations of data collection specific identifiers
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   ambiguous 9606

In UniProt taxonomy
Homo sapiens

In BOLD taxonomy
Bombycilla cedrorum

In GRIN plant taxonomy
Catha edulis

Limitations of data collection specific identifiers



SIB Retreat – 30 February 2012

Limitations of data collection specific identifiers

   ambiguous 9606

In UniProt taxonomy
Homo sapiens

In BOLD taxonomy
Bombycilla cedrorum

In GRIN plant taxonomy
Catha edulis

What is 
“taxonomy:9606”?
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Limitations of annotation schemes

   Ambiguous

   Inconsistent

SWISS-PROT:P23222

Swiss-Prot:P23222

UniProt:P23222

UniProtKB:P23222

UniProtKB/Swiss-Prot:P23222

DBREF  1XJ4 A  151   269  UNP    P23222 



SIB Retreat – 30 February 2012

Limitations of annotation schemes

   Ambiguous

   Inconsistent

SWISS-PROT:P23222

Swiss-Prot:P23222

UniProt:P23222

UniProtKB:P23222

UniProtKB/Swiss-Prot:P23222

DBREF  1XJ4 A  151   269  UNP    P23222 

Are those 
identifying the 
same thing?
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Limitations of annotation schemes

   Ambiguous

   Inconsistent

   Not perennial

http://www.ebi.ac.uk/citexplore/citationDetails.do

       ?dataSource=MED&externalId=16333295

http://www.ncbi.nlm.nih.gov/pubmed/16333295

http://www.hubmed.org/display.cgi?uids=16333295

http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-view+

        MedlineFull+[medline-PMID:16333295]

http://www.ebi.ac.uk/citexplore/citationDetails.do
http://www.ncbi.nlm.nih.gov/pubmed/16333295
http://www.hubmed.org/display.cgi?uids=16333295
http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-view
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Limitations of annotation schemes

   Ambiguous

   Inconsistent

   Not perennial

http://www.ebi.ac.uk/citexplore/citationDetails.do

       ?dataSource=MED&externalId=16333295

http://www.ncbi.nlm.nih.gov/pubmed/16333295

http://www.hubmed.org/display.cgi?uids=16333295

http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-view+

        MedlineFull+[medline-PMID:16333295]

Will those still be 
valid in three 

months?

http://www.ebi.ac.uk/citexplore/citationDetails.do
http://www.ncbi.nlm.nih.gov/pubmed/16333295
http://www.hubmed.org/display.cgi?uids=16333295
http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-view
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Other potential limitations

   Ambiguous

   Inconsistent

   Not perennial

   Location dependent

   Not standard compliant

   Non resolvable

   Non free to use
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Naming conventionsNaming conventions
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URIs, the standard way to encode identifiers

A Uniform Resource Identifier (URI) is a string of characters used 
to identify a source of information.

      http://www.ebi.ac.uk/

   http://en.wikipedia.org/wiki/Uniform_Resource_Identifier

   https://www.ebi.ac.uk/chembldb/

ftp://public.ftp­servers.example.com/mydirectory/myfile.txt

   ftp://ftp.uniprot.org/pub/databases/uniprot/uniref/

   urn:ietf:rfc:2396

   file:///home/username/presentation.pdf

   

https://www.ebi.ac.uk/chembldb/
ftp://public.ftp-servers.example.com/mydirectory/myfile.txt
file:///username/presentation.pdf


SIB Retreat – 30 February 2012

Towards globally unique identifiers

Record identifier

provided by the 
data collection

unique within the 
data collection

format defined by 
the data collection

Identifies a data 
entry within the 
data collection
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Towards globally unique identifiers

Record identifierCollection namespace

provided by the 
data collection

unique within the 
data collection

format defined by 
the data collection

from a shared list 
of namespaces

Identifies a 
type of data

Identifies a data 
entry within the 
data collection
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Towards globally unique identifiers

Record identifierCollection namespace

provided by the 
data collection

unique within the 
data collection

format defined by 
the data collection

from a shared list 
of namespaces

Identifies a 
type of data

Identifies a data 
entry within the 
data collection

URI scheme

Identifies the 
type of identifier
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Enters                         (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

protocol type of URI collection record
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Enters                         (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

http://identifiers.org/pubmed/22140103

http://identifiers.org/ec­code/1.1.1.1

http://identifiers.org/obo.go/GO:0000186

protocol type of URI collection record
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http://identifiers.org/

Juty N., Le Novère N., Laibe C. Identifiers.org and MIRIAM Registry: 
community resources to provide persistent identification 
Nucleic Acids Research (2012) 40: D580-D586
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http://www.ebi.ac.uk/miriam/
http://identifiers.org/registry

http://www.ebi.ac.uk/miriam/
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List of data collections and their namespaces
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Resources providing 
the collection
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Everything has an identifier
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How does that work?

http://identifiers.org/ec­code/

http://identifiers.org/ec­code/1.1.1.1

To access a collection:

To access a record:

(nb: synonymous to:
 http://identifiers.org/miriam.collection/MIR:0000004)

To access a collection:
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More magic

http://identifiers.org/namespace/identifier?argument=value
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More magic

http://identifiers.org/namespace/identifier?argument=value

http://identifiers.org/obo.go/GO:0000186?resource=MIR:00100012

http://identifiers.org/obo.go/GO:0000186?format=rdfxml

http://identifiers.org/obo.go/GO:0000186?profile=most_reliable

http://identifiers.org/obo.go/GO:0000186?profile=MyProfile
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http://identifiers.org/obo.go/GO:0000186?format=rdfxml
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http://identifiers.org/obo.go/GO:0000186?resource=MIR:00100012
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http://identifiers.org/obo.go/GO:0000186?profile=most_reliable
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What does using Identifiers.org bring

Flexible access to multiple resources serving the 
dataset
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What does using Identifiers.org bring

Flexible access to multiple resources serving the 
dataset

No need to continuously maintain your own 
identifiers-URLs mapping
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Private Vs public cross-references: hard-coding

<annotation>
    <ec­code>1.1.1.1</ec­code>
</annotation>

Need to change the 
data-model to add sources
=> users must redevelop software

entry
EC table

1.1.1.1

<annotation>
    <ec­code>1.1.1.1</ec­code>

<go>GO:0004022</go>
</annotation>

entry
EC table

1.1.1.1

entry
GO table

GO:0004022
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Private Vs public cross-references: private list

<annotation>
    <dbXref 
       database=”ec­code”
       accession=”1.1.1.1”/>
</annotation>

Need to list the resources
and share the list with users

database
Xref table

ec­code
accession
1.1.1.1

<annotation>
    <dbXref 
       database=”ec­code”
       Accession=”1.1.1.1”/>
    <dbXref 
       database=”go”
       Accession=”GO:0004022”/>
</annotation>

database
Xref table

ec­code
accession
1.1.1.1

go GO:0004022



  

SIB Retreat – 30 February 2012

Private Vs public cross-references: public URIs

<annotation>
    <dbXref 
URI=”http://identifiers.org/ec­code/1.1.1.1”/>
</annotation>

URI
Xref table

http://identifiers.org/ec­code/1.1.1.1

<annotation>
    <dbXref 
URI=”http://identifiers.org/ec­code/1.1.1.1”/>
    <dbXref 
URI=”http://identifiers.org/obo.go/GO:0004022”/>
</annotation>

URI
Xref table

http://identifiers.org/ec­code/1.1.1.1
http://identifiers.org/obo.go/GO:0004022

http://identifiers.org/ec-code/1.1.1.1
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What does using Identifiers.org bring

Flexible access to multiple resources serving the 
dataset

No need to continuously maintain your own 
identifiers-URLs mapping

Using shared unique identifiers facilitate data 
comparison and integration
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Clustering models (and data)
based on metadata

Schulz M., Krause F., Le Novère N., Klipp E., Liebermeister W. 
Retrieval, alignment, and clustering of computational
models  based on semantic annotations 
Molecular Systems Biology (2011), 7: 512
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Ranking and retrieval of models

Search with 
Huang and Ferrell 1996
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Data alignment and retrieval

Search with microarray experiment on yeast, showing coupled 
metabolic oscillations and burst of DNA replication
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What does using Identifiers.org bring

Flexible access to multiple resources serving the 
dataset

No need to continuously maintain your own 
identifiers-URLs mapping

Using shared unique identifiers facilitate data 
comparison and integration

Help implementing the Linked and Open Data in 
a consistent manner   
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Triples

Subject Predicate Object

EGFR located_in plasma membrane

P00533 OBO_REL:0000008 GO:0005886

(UniProt) (OBO Relation ontology) (Gene Ontology)

http://identifiers.org/uniprot/P00533 

                  http://identifiers.org/obo.ro/OBO_REL:0000008

                                                  http://identifiers.org/obo.go/GO:0005886

Use of identifiers.org in triples

http://identifiers.org/obo.ro/OBO_REL:0000008
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Tools developing support for those URIs
   Data resources

BioModels Database (kinetic models)

Pathway Commons (BioPAX)

Physiome Model Repository (CellML)

SABIO-RK (reaction kinetics)

Yeast consensus model database

Human consensus model database

E-MeP (structural genomics)

   Application software (continued)

LibAnnotationSBML

LibSBML

PathText

Pathway Commons

SAINT (semantic annotation)

SBML2BioPAX

SBML2LaTeX

SBMLeditor (model editor)

SemanticSBML (annotation, 

merging, comparison, ...)

Snazer (network analysis, simulations)

Systems Biology Workbench 
(model design and simulation)

The Virtual Cell (simulation)

PSICQUIC

...

   Application software

ARCADIA (graph editor)

BIOUML (modelling and simulation)

BridgeDb

CellDesigner

COPASI (Simulation)

Cpath

JSBML
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This is what you store in your database

http://identifiers.org/ec­code/1.1.1.1
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This is what you use in your import/export format

http://identifiers.org/ec­code/1.1.1.1
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This is what you use in your webpage

http://identifiers.org/ec­code/1.1.1.1
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This is what you paste in your web browser

http://identifiers.org/ec­code/1.1.1.1
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This is what you quote in your publication

http://identifiers.org/ec­code/1.1.1.1
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Nick Juty, Camille Laibe

Identifiers.org  advisory board

    Michel Dumontier (W3C HCLS, Bio2RDF)

    Michael Galperin (NCBI, USA - NAR Database issue) 

    Pascale Gaudet (BioDbCore)

    Lee Harland (Connected Discovery, UK - Open PHACTS)

    Michael Hucka (SBML)

   Toshiaki Katayama (University of Tokyo, Japan - BioRuby, KEGG)

   Nicolas Le Novère (MIRIAM Registry) 

   Philippe Rocca-Serra (BioSharing)

   Mark Wilkinson (SADI, LSRN)

The community of 
Computational 
Systems Biology
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How is it different from LSIDs?

Collection identification is formatted consistently

Collection registry is public and open 

Identifiers.org URIs are resolvable

urn:lsid:uniprot.org:uniprot:P12345

http://identifiers.org/uniprot/P12345

>>http://www.uniprot.org/uniprot/P12345

>>http://purl.uniprot.org/uniprot/P12345

http://identifiers.org/uniprot/P12345
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How is it different from DOIs?
Identifiers.org re-use the datasets identifiers from the data provider

Identifiers.org URIs are free

Identifiers.org URIs can be resolved to alternative resources

Redirection of Identifiers.org is configurable

http://dx.doi.org/10.1093/nar/gkr1097

>>m.nr.oxfordjournals.org/content/40/D1/D580

http://identifiers.org/pubmed/22140103

>>http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-view+MedlineFull+
[medline-PMID:22140103]

http://www.ebi.ac.uk/citexplore/citationDetails.do?dataSource=MED&externalId=22140103

>>http://www.ncbi.nlm.nih.gov/pubmed/22140103

>>http://www.hubmed.org/display.cgi?uids=22140103

http://dx.doi.org/10.1093/nar/gkr1097
http://identifiers.org/pubmed/22140103
http://www.ebi.ac.uk/citexplore/citationDetails.do?dataSource=MED&externalId=22140103
http://www.ncbi.nlm.nih.gov/pubmed/22140103
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How is it different from PURLs?

Identifiers.org URIs can be resolved to alternative resources

Identifiers.org URIs are unique. Everyone using the same to refer 
to a given piece of information

http://purl.uniprot.org/go/0016323

http://purl.org/obo/owl/GO#GO_0016323

http://purl.uniprot.org/go/0016323
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How is it different from Sharednames?

Identifiers.org URIs can be resolved to alternative resources

Identifiers.org is (so far) limited to life sciences

Identifiers.org is what Sharednames aimed to be 
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Linked Data: 5 stars

Linked Data

“The Semantic Web isn't just about putting data on the web. It is about 
making links, so that a person or machine can explore the web of data.”

Tim Berners­Lee   

The Linked and Open Data agenda

Use URIs as names for things

Use HTTP URIs so that people can 
look up those names.

When someone looks up a URI, provide 
useful information, using the standards 
(RDF, SPARQL)

Include links to other URIs. so that 
they can discover more things.
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Advantages of Identifiers.org URIs

Uniform syntax 
(URIs, as LSIDs, PURLs, DOIs)

A unique URI per element of a collection 
(as DOIs, better than most PURLs )

Reuse the dataset identifier of the provider
(better than DOIs) 

Multiple dereferences
(better than all systems)

Curated registry to maintain the resolution
(better than all systems)

Multiply resolvable 
(better than  DOIs and PURls)

Free, as in free beer (better than DOIs)
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