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Bio2RDF

* B102RDF uses open-source Semantic Web
technologies to provide interlinked life science
data to support biological knowledge discovery.

* Over 40 databases converted
* QOver 30 billion triples

* Global mirroring

— Quebec City, Quebec, Canada
— Ottawa, Ontario, Canada
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— QGuelph, Ontario, Canada
— Brisbane, Australia

— part of LOD mashup at http://lod.openlinksw.com
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Cross-domain

Life sciences O
As of September 2010 &) (D @

“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/”
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Bio2RDF is the major contributor
to the Life Sciences LOD
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What is Linked Open Data?

* Linked open data 1s
* data that 1s free to use
* machine understandable (uses RDF/OWL)
* can be looked up using web protocols

* has meaningful relations between data 1tems
(generated from supplied cross-references, or
text-based mappings)
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LOD Methodology

Applying Tim Berners-Lee 4 rules
1. Use URIs as names for things

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

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

4. Include links to other URIs, so that they can
discover more things
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http://www.w3.org/Designlssues/LinkedData
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Bio2RDF Methodology

We extend LOD rules by:

1. Consistently naming all resources
http://bio2rdf.org/namespace:identifier

2. Resolving Bio2RDF URIs to a set of statements
about the requested resource
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Data providers have been
linking data for years

Links are done from
one HTML page to
another

This works for human
consumption, but
doesn’t scale with huge
amounts of data

Search

Search in

Blast*

Align *

Query.

[Protein nowledgebase (UnProte) ] |

P19367 (HXK1_HUMAN) 1+ Reviewed, UniProtkB/
Last modifed October 5, 2010. Version 136, £ History.

£ 3 Clusters with 100%, 90%, 50% identity | Documents

o Mendelian

Publicd Genome __Structurs

OMIM =] for
[ Limits | previewingex | ristory. | ciipboara | Details. |

Dispiay [Detated Stow [0 3] [Sendto &
‘ All:1 | OMIM UniSTS: 0 | OMIM dbSNP: 0

Search

Names and origin

Protein names

Gene names
Organism
Taxonoric identifier
Taxenormic linsage

Protein attributes

Saquence length
Sequence status
Protein existence

General annotation (Comments)

Catalytic acthity
Enzyme regulation
Pathway

Subunit structure
Subcelular location
Tissus specificity
Damain

Involvement in disease

MIM ID #235700
HEMOLYTIC, 1A, NONSPHEROCYTIC, DUE TO HEXOKINASE DEFICIENCY
22

Recommendad narme:

Gene map locus:

Clinical Synapsis
Text

& number sign (#) lsed with this entry because nonspherocytic hemolytic anemia can be caused by mutation in the gene encad

Name:HKT Clinical Features

Homo sapiens (Humar

e 2 child with anemia present from birth and deficiency of red cell hexokinase. The father and one ¢
ievel walflaiso low butRithin the range of narmal. The deficiency apparently did nat involve leukacytes and platelets and is differel

Eukaryota> Metazo3> C{genific flin Fanconi palkcytopenia (227650). Necheles et al. (1870) found, however, associated deficiency of leukocyte hexakinast

Valentinget al. (

iksen J Stasl (137Wktudied 3 patient with hemalytic anemia due to hexokinase deficiency and showsd that the mutant snzym
propertifl and abnormalfRehavior with respect to its regulation by glucoss-1,6-ciphosphate and inorganic phosphate. They propos

917 an hexckinges typs 1 in recsls, only one of which was mutant in this case

Camplste

In a patflht with nonsphelcytic hemalytic anemia, Rijksen et al. (1963) found 25% normal activity of HK1 in red cells and platelet:
Evidence at protein leve

nermal; fi1 was low but %k deficiancy was compensatad by HK3 (142570). The parents and 3 sibs were apparent heterozygotes.
abrormllies of the residullenzyme wera demonstrated.

Pagiiz ofl. (1981) found aYw activity isozyme of red cell haxakinase in a Chinese bay with chranic hemalytic anemia. Because of
ATP + D-hexose = ADF  hexokindlles of the parents, M was proposed that the proband might be a compound heterozygote.

Hexokinase is an allost
Carbohydrate metabalic
Monomer. (R Bianchi fld Magnani (1995) rllbrted the molecular charactarization of the defect in HKL in a patient with hemolytic anemia due ta
Mitochondrion outr mermoPREV S AVGGSRLRTRS A YR SRl CE YR 2)%L GRRRRUnd heterozvaosit for a deletion and  sinale nucleotide substitution. The
Isaform 2is erythrocyte specific. Isqllim 3 and isoform 4 are tdie-specific

Tha N- and C-terminal halves of this [fexakinase show extencivallequance similarity o sac

single glucoss and Gluc-6-P molec
Defects in HK are the cause of helkinase deficiency [MIM:2350). Hexokinase deficien

Molecuflf Genetics

Search: [FubMed F

Linits Advanced search Help

us rutons il s [ Clear
Disatay setindll ) Avstract

NEm M

Hereditary hemolytic anemia with deficiency. Role of inase in aging.
lenting YN, 05K FA Paglia DE, Baughan M, Schneider A5, Naiman JL

Pion 527601111

PII: 6015552 [Pubivod - nexeel or MEDLIE]

Bublication Typss, MeSH Terms, Substances
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However, most linked open data 1s
created and provided without the
help of the original data provider




Why be part of the linked data

cloud?

* Enable queries that span over more than 1
database.
— Example: filtering a PubMed search by a
microarray level of expression filter
* Reduce the size of a database by only
referencing data instead of including 1t in
a database record (e.g. citations)

Nature Precedings : doi:10.1038/npré.2010.5060.1 : Posted 20 Oct 2010°

'————-_—-————-——-_———_-—_-—-——-—-—-—_——J .

7010-10-13 ' B TR (G ottt DI A R AR e a2



Nature Precedings : doi:10.1038/npre.2010.5060.1 : Posted 20 Oct 2010

7010-10-13

But something is missing !

DBpedia
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derived from Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-
cloud.net/”
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Convert

PAUSE

* Take a step back and think about what your data
represents.
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* Forget about the way i1t 1s currently represented in
your relational database
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What is RDFizing?

* RDFizing converts legacy data into one or
more RDF statements or triples:

<Subject> <Predicate> <Object>
* Triples have correspondence for a standard
database
— Subject = row identifier
— Predicate = column name
— Object = value

7010-10-13 B TR (G ottt DI A R AR e a2
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Convert

Converting to RDF just for the sake of providing
another format will not add much to your offering

if the result 1s your old relational database format
... iIn RDF

Get r1d of relational database artifacts while

rdfizing

. Uses simple and stable 1dentifiers to name

resources

. Create types for the entities that your data refers to

with in your data and specify the nature of the
relations that hold between them

7010-10-13
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Provide — RDF Documents

URIs can be created with a REST-like look
Example of stable URIs
http://purl.uniprot.org/uniprot/P19367
http://b1o2rdf.org/uniprot:P19367

Documents containing statements should be
accessible using web technology (HTTP protocol)

Provide data dumps

But in the LOD world, we want to query online
databases!

Bi1o2RDF: Convert. Provide And Reuse.
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7010-10-13

Provide - SPARQOL

SPARQL 1s the query language for RDF/OWL
that uses web technology (HTTP)

SPARQL endpoints make it possible to query
databases using SPARQL

Distributed SPARQL will carve up the query and
determine which endpoints need to be queried

Bi1o2RDF: Convert. Provide And Reuse.
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Provide

Publish the scheme you will use for your URIs so
that other providers may use it

Provide access to documents with resolvable URIs
(can be looked up using a web browser)
http://geneprovider.com/gene:1dentifier

Now other data providers can use this identifer
instead of copying the data into their own!

7010-10-13

Bi1o2RDF: Convert. Provide And Reuse.
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Reuse

RDF version of your documents without
resolvable external links is just another file
format

One of the most problematic 1ssues 1s that
the RDF generated by some providers are

only inward looking -> they don’t reuse
published URIs (Polite URI)

7010-10-13

Bi1o2RDF: Convert. Provide And Reuse.
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Reuse

Example with Uniprot RDF

Uniprot 1s one of the first data providers to offers
stable and resolvable URI for its documents.
However, we can’t use directly the RDF they

provide. Look at this extract of Human HK1 in RDF

<rdf :Description’ rdfsabeyt=rhttps//purl  uniprot org uniprot/P1o9367">

<rdf:type.¥df:resburces"http o7/ purl.uniprot torg/core/Protéin” />
<rdfs:seeAlsc rdf:resource="htfp://purl.uniprot.org/refseq/NP 277035.2"/>

</rdf:Description>

The problem iS that http://purl.uniprot.org/refseq/NP 277035.2
resolves to the NCBI HTML page of NP 277035.2

Since NCBI does not provide RDF, 1t’s a dead end

7010-10-13

Bi1o2RDF: Convert. Provide And Reuse.
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Reuse

* Uniprot did the same things we have done at

B102RDF. They create a URI in their namespace.

From that U]

RI which they control, they decided to

redirect to the original HTML document of the

specified ID

The difference with Bio2RDF is that we also
resolve the other URI to an RDF document

7010-10-13
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Reuse

* Relational database artifacts : copying of data
from one provider to another

* Uniprot Citation entry IN a protein document

<rdf:Description rdf:about="http://purl.uniprot.org/citations/10686099">
<rdf:type rdf:resource="http://purl.unipret.org/core/Journal Citation" />

<title>Crystal structures of mutant monomeric hexokinase I reveal multiple
...</title>

<author>Aleshin A.E.</author>

<author>Kirby C.</author>

<skos:exdctMatth 'rdf:resounce="http:/ /purl Aunhipret..org/medline/20223513"" />
<skos:exactMatch'rdf:resourxce="htip: //purl.dnipfot.org/pubfied/10686098" />
</>

* In a Linked Data world, you only need to have a
link to the PubMed URI at NCBI. The up to date
information 1s there.

Nature Precedings : doi:10.1038/npre.2010.5060.1 : Posted 20 Oct 2010
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With all this, how 1s now the LOD for life
sciences by original data providers ?

= — — - — — - — —
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What is still missing !
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“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/”
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Some handshake

T will use
your URIs

T will use
your URIs

7010-10-13
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The new version of LOD for

life sciences by original providers
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Something is missing !
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“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/”
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Bottom line

That 1s not quite what we had at the beginning

The original network made by third party provider still
exist. Use it like if 1t was another provider.

What about documents without an RDF version?

From NAR, there is 1230 databases. Too much for Bio2RDF or
any other to convert entirely.

Use third party providers, like Bio2RDF, NeuroCommons,
LinkedLifeData, Shared Names, etc.

Add these in addition to original data URIs

Some databases, for various reason, might never create RDF
version of their data. So third party will continue to have their use
by providing their data in RDF

7010-10-13

Bi1o2RDF: Convert. Provide And Reuse.

31



By applying those conversion, publication and
reuse rules to your data, we will witness the
birth of a more stable network of linked data

... and the death (in the very long term) of
Bi0o2RDF.

Let's kill Bio2RDF together !!

Nature Precedings : doi:10.1038/npre.2010.5060.1 : Posted 20 Oct 2010
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Future Work

Data processing workflow

New facet-based user interface to browse
and formulate sophisticated queries

Full text indexing for autocompletion
support

Exploring knowledge discovery
possibilities in the linked data network

7010-10-13
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Contact Information

* Mailing list : bio2rdf(@googlegroups.com

URL : http://b1o2rdf.org

Wiki : http://sourceforge.net/apps/mediawiki/bio2rdf
Blog : http://b1o2rdf.blogspot.com
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