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Naming conventions
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What are cross­references?

Cross­references allow the unambiguous identification of:

   physical entities (records in a database)

molecular entities

diseases

clinical trials

...

   information artefacts

ontological terms

scientific publications

books

    …

   ...
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What are cross­references?

 → any concept really!

Cross­references allow the unambiguous identification of:

   physical entities (records in a database)

molecular entities

diseases

clinical trials

...

   information artefacts

ontological terms

scientific publications

books

    …

   ...
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Why are cross­references important?

Cross­references, and generally metadata, are essential for:

    understanding data

    reusing data

    comparing data

    integrating data

    converting data

    providing efficient search strategies

    ...N
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6

Why are cross­references important?

 → true for any kind of data!

Cross­references, and generally metadata, are essential for:

    understanding data

    reusing data

    comparing data

    integrating data

    converting data

    providing efficient search strategies

    ...N
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Identifiers already exist...

NP_012345

2018

ENSG00000139618

P62158

EBI­2307691

BIOMD0000000048

REACT_1590

PMID:16333295

GO:0006915

CHEBI:36927

00005727210.1038/nbt1156

0807.4956v1

978­1584885658

WBGene00000001

E­MEXP­1712
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Identifiers already exist...

NP_012345

2018

ENSG00000139618

P62158

EBI­2307691

BIOMD0000000048

REACT_1590

PMID:16333295

GO:0006915

CHEBI:36927

00005727210.1038/nbt1156

0807.4956v1

978­1584885658

WBGene00000001

E­MEXP­1712

but...
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Data collection specific identifiers: limitations

603903

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

11
.6

47
9.

1 
: P

os
te

d 
30

 S
ep

 2
01

1



10

Data collection specific identifiers: limitations

603903

In PubMed:

Specification of angulated projections in 
coronary arteriography

In OMIM:

Sickle cell anemia

In PubChem Compound:

3-([2-(4-Bromophenyl)-2-oxoethyl]sulfanyl)-
6-methyl-1,2,4-triazin-5(4H)-one

...

   ambiguous
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11

Data collection specific identifiers: limitations

603903

In PubMed:

Specification of angulated projections in 
coronary arteriography

In OMIM:

Sickle cell anemia

In PubChem Compound:

3-([2-(4-Bromophenyl)-2-oxoethyl]sulfanyl)-
6-methyl-1,2,4-triazin-5(4H)-one

...

   ambiguous

What is “603903”?
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Specific annotation schemes: limitations

SWISS-PROT:P23222

Swiss-Prot:P23222

UniProt:P23222

UniProtKB:P23222

UniProtKB/Swiss-Prot:P23222

DBREF  1XJ4 A  151   269  UNP    P23222  [...]

   inconsistent
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SWISS-PROT:P23222

Swiss-Prot:P23222

UniProt:P23222

UniProtKB:P23222

UniProtKB/Swiss-Prot:P23222

DBREF  1XJ4 A  151   269  UNP    P23222  [...]

Specific annotation schemes: limitations

   inconsistent

Are those 
identifying the 
same thing?
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Resource specific links: limitations

   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/cgi­bin/wgetz?­view+

        MedlineFull+[medline­PMID:16333295]
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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/cgi­bin/wgetz?­view+

        MedlineFull+[medline­PMID:16333295]

Resource specific links: limitations

   not perennial

Will those still be 
valid in three 

months?
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Resource specific links: limitations

   not perennial

   location dependent

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/cgi­bin/wgetz?­view+

        MedlineFull+[medline­PMID:16333295]
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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/cgi­bin/wgetz?­view+

        MedlineFull+[medline­PMID:16333295]

Resource specific links: limitations

   not perennial

   location dependent

Are all those 
referring to the 

same data record?
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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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URI: standard way to encode identifiers

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

   

   Uniform Resource Name (URN)

     identifies a resource but does not imply its availability

   Uniform Resource Locator (URL)

     specifies where a resource is available on the Internet

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

11
.6

47
9.

1 
: P

os
te

d 
30

 S
ep

 2
01

1



20

Examples of URIs

   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:2648

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

   ...N
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Towards globally unique identifiers

Entity 
identifier

Identifies a 
data collection

Identifies a data 
entry within the 
data collection

Namespace
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Towards globally unique identifiers

Entity 
identifierNamespace

provided by the 
data collection

unique within the 
data collection

format defined by 
the data collection

from a shared list of 
namespaces

Identifies a 
data collection

Identifies a data 
entry within the 
data collection
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MIRIAM URNs

urn:miriam:uniprot:P62158

urn:miriam:ec-code:1.1.1.1

urn:miriam:obo.go:GO%3A0000186

Entity 
identifierNamespace

Activation of MAPKK activity: GO:0000186 in Gene Ontology

Human calmodulin: P62158 in UniProt

Alcohol dehydrogenase: 1.1.1.1 in EC code

Identifies a 
data collection

Identifies a data 
entry within the 
data collection
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Identifiers.org URLs

urn:miriam:uniprot:P62158

urn:miriam:ec-code:1.1.1.1

urn:miriam:obo.go:GO%3A0000186

Entity 
identifierNamespace

Activation of MAPKK activity: GO:0000186 in Gene Ontology

Human calmodulin: P62158 in UniProt

Alcohol dehydrogenase: 1.1.1.1 in EC code

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

http://identifiers.org/ec-code/1.1.1.1

http://identifiers.org/uniprot/P62158

Identifies a 
data collection

Identifies a data 
entry within the 
data collection
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Why introducing URLs?

MIRIAM URNs is a well established identification system.

So, why introducing URLs?
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Semantic Web

The Semantic Web provides a common framework that allows 
data to be shared and reused across application, enterprise, and 
community boundaries.

Goal: allows machines to understand the semantics, or meaning, of 
information on the World Wide Web.

Collaborative effort led by W3C with participation from a large 
number of researchers and industrial partners.
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Semantic Web: technologies

Set of technologies helping to link data of different natures and different 
locations in a meaningful way:

Uniform Resource Identifiers (URIs) to unambiguously identify pieces of 
data 

Controlled vocabularies to characterise the relationships between data 
entity (SKOS, RDFs, ontologies)

Syntaxes to encode the relationships between data entity (RDF)

Query languages, to retrieve information encoded using semantic web 
technologies (SPARQL)
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Triples

Information stored as 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
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Linked Data

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   

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.N
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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   

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.N
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Linking Open Data
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Linking Open Data

 → Requirements for URLs!
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URNs or URLs?

all MIRIAM URNs remain valid identifiers

support of MIRIAM URNs will continue

new developments are encouraged to use Identifiers.org URLs

     (as it only provides advantages over the URNs)

services are provided to convert from one form into the other
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Identifiers.org: resolving
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Identifiers.org: resolving
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Choice of resources (HTML version)
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Identifiers.org: resolving
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MIRIAM Registry

http://www.ebi.ac.uk/miriam/
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List of data collections...
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… and their associated namespace
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Data collection...
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Data collection...
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Resources

… and associated resources
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… and associated resources
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Resources reliability
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Resources reliability
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New submission to the registry
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New submission to the Registry

You do not need to fill all the fields, you 
can just enter the information you have. 
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Registry: suggest changes
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Registry: curated resource
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Registry: curated resource
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Infrastructure and services

Camille Laibe and Nicolas Le Novère. 
MIRIAM Resources: tools to generate and resolve robust cross­references in Systems Biology.
BMC Systems Biology, 2007
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Registry: summary

list of data collections

web services and XML export available

community driven (everybody can submit new data collections or 
suggest modification of existing records)

curated resource

systems in place to monitor registered web resources

unrestricted scope (currently mainly focused on Life Sciences, but the 
scope is potentially unlimited)

free to use
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Use case: management of cross­references

Two representations:

internal storage of cross­references in databases or standard formats

external display of those in user interfaces

<annotation>
    <uniprot>P62158</uniprot>
</annotation>

<annotation>
       <resource database=”UniProt” accession=”P62158” />
</annotation>
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Use case: management of cross­references

Two representations:

internal storage of cross­references in databases or standard formats

external display of those in user interfaces

<annotation>
    <uniprot>P62158</uniprot>
</annotation>

<annotation>
       <resource database=”UniProt” accession=”P62158” />
</annotation>

 → the semantics is hidden in the format structure  
    and the database schema!
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Use case: management of cross­references

Two representations:

internal storage of cross­references in databases or standard formats

external display of those in user interfaces

 → Identifiers.org combines both representations into one!

<annotation>
   <!­­ // ­­>
    <rdf:li rdf:resource=”http://identifiers.org/uniprot/P62158” />
    <!­­ // ­­>
</annotation>
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Resolving: basic

  http://identifiers.org/pubmed/16333295
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Resolving: using a specific resource

  http://identifiers.org/pubmed/16333295?resource=MIR:00100032
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What are profiles?

Profiles:

list of data collections

subset of the Registry's content

each data collection in a profile can have settings (such as one preferred 
resource)

can be defined at the level of an institution, project, individual, ...

can be public (shareable) or private (protected by a key)

centrally managed in the Registry (user interface in progress)

have a unique shortname (used for identification purposes in URLs)

provide access to a custom XML export

Provide access to custom web services (in progress)
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Resolving: basic

  http://identifiers.org/obo.go/GO:0006915
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Resolving: using a specific profile

  http://identifiers.org/obo.go/GO:0006915?profile=demo
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Resolving: using a specific profile

http://identifiers.org/obo.go/GO:0006915?profile=demo

Generation of    
always up­to­date 

(hyper)links 
without 

requirement for 
any specific code
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Resolving: using the most reliable resource

http://identifiers.org/ec-code/1.1.1.1?profile=most_reliable

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

11
.6

47
9.

1 
: P

os
te

d 
30

 S
ep

 2
01

1



  

Identifiers.org: short summary

provides uniform identifiers for Life Sciences

unambiguous

perennial

directly resolvable

standard compliant (URIs)

location independent

identifiers available at multiple levels (data collection, resource, and 
data record)

customisable behaviours (formats available, preferred resource, ...)

responses encoded in HTML and RDF (either requested explicitly in the 
URLs or via content negotiation)

built on the MIRIAM Registry
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Tools developing support for those URIs

   Data resources

BioModels Database (kinetic models)

Pathway Commons (BioPAX)

Physiome Model Repository (CellML)

SABIO­RK (reaction kinetics)

Yeast consensus model database

Human consensus model database

E­MeP (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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Why is it useful for the EBI?

Data providers:

shielded from changes in the way other providers give access to 
their data

unification of identifiers

easy data integration between providers

Software engineers:

don't need to maintain expensive lists of links

don't need to develop specific code to handle cross­references

Users:

are always provided with usable links
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What to store the database?

http://identifiers.org/ec­code/1.1.1.1

N
at

ur
e 

P
re

ce
di

ng
s 

: d
oi

:1
0.

10
38

/n
pr

e.
20

11
.6

47
9.

1 
: P

os
te

d 
30

 S
ep

 2
01

1



68

What to use in your import/export formats?

http://identifiers.org/ec­code/1.1.1.1
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What to use in your user interfaces?

http://identifiers.org/ec­code/1.1.1.1
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Where to get the data?

http://identifiers.org/ec­code/1.1.1.1
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