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Outline DiSGeNEW

* Introduction to SPARQL

* DisGeNET Linked Open Data

— Introduction
* RDF-LD Description: Data Model, VolD, Interlinking
* Implementation
* Accessibility
* Documentation
* Use Cases

— Querying the DisGeNET-RDF

e Hands-on



* SPARQL is the protocol/language to g
* RDF: thinking in GRAPHS! R
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SPARQL
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SPARQL

* SPARQL is the protocol/language to query RDF
 RDF: thinking in Queryable GRAPHS!

?

Carlos Ray Norris

?

~—
foaf:name
?

foaf.based_near
foaf:knows "

foaf:knows o geo:lat
http://stevenseagal.com/data_/steven o
http://brucelee.com/data_/bruce geo. lo ng

?

?
10.19273
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SPARQL

* SPARQL is the protocol/language to query RDF

* RDF: thinking in Queryable and Disparate
GRAPHS! s e,
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SPARQL
* Triple: Subject, Predicate, Object

Predicate
Subject
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SPARQL

* Triple: <Subject> <Predicate> <Object>
* URIs (can be abbreviated as prefixed names)

URI= <http://xmlns.com/foaf/0.1/ian>

prefix= foaf:ian

_ foaf:knows
foaf:ian
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SPARQL
* Triple: Subject, Predicate, Object

* URIs (can be abbreviated as prefixed names)

* Objects: can be literals: strings, integers,
booleans

foaf:knows foaf:firstName

foaf:ian

foaf:mary

}_ "MEry”

foaf:ian foaf:knows foaf:mary.
foaf:mary foaf:firstName "Mary".




SPARQL Query Structure

# prefix declarations

PREFIX foaf:<http://xmlins.com/foaf/0.1/>

# dataset definition

FROM <DATASET GRAPH>

# result clause

SELECT /CONSTRUCT/ASK/DESCRIBE  ..OUTPUT..
# query pattern

WHERE { graph pattern }

# query modifiers

ORDER BY ...
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SPARQL Query Example

e Data: http://rdf.disgenet.org/download/v4.0.0/DisGeNET-RDF-Example.ttl

<http://identifiers.org/pubmed/7919432>
a ncit:C47902 ;

rdfs:comment "Scientific Article [pubmed:7919432] from MEDLINE/PubMed, which is a database of the
U.S. National Library of Medicine, that gives evidence for at least one gene-disease association in
DisGeNET. Articles are identified by the PubMed ID." @en ;

rdfs:label "7919432 [pubmed:7919432]"@en ;

dcterms:identifier "pubmed:7919432"A\xsd:string ;

dcterms:issued "1994"Axsd:gYear ;

dcterms:title "7919432"@en ;

void:inDataset <http://rdf.disgenet.org/v4.0.0/void/pubmed> ;

skos:exactMatch http://rdf.ncbi.nim.nih.gov/pubchem/reference/PMID7919432 .

* Query
e Result



SPARQL Query Example

* Data
* Query:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-nst>

PREFIX dcterms: <http://purl.org/dc/terms/>
PREFIX ncit: <http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl##>

SELECT DISTINCT ?pmid ?year
WHERE {
?pmid rdf:type ncit:C47902 .
?pmid dcterms:issued ?year

}
LIMIT 10

e Result

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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SPARQL Query Example

e Data

* Query
e Result:

http://rdf.disgenet.org/lodestar/sparql

DisGeNET - Tutorial IBISEMINAR - 17 -05 - 2016
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Home About Search Browser Downloads Cytoscape Help

DisGeNET Linked Open Data
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DisGeNET as Linked Open Data

« RDF and trusty nanopublications *Metadata description HCLS)
— URIs: RDF providers or | g" *Interlinking
— SIo "Bl0=2RDF
— Use of standards (11 ontologies in NCBO * @ linked life data
*Access
*Download Data Dump
*SPARQL Endpoint
*Faceted Browser

A.Open PHACTS

Discovery Platform

* Nanopublication Network
* Open license

b AN
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oo/ = *Datahub
=4 *Software
D2RQ
NN Virtuoso > OPENLINK
NG A Universal Server  yumtetvoton ot o sos®

'Statushiet.  Statusiet
Statuset, Statset  “Coqyyy Status |
naakd

oet | \ Prizes

b BB DisGeNET “Futdrtal http://lod-cloud.net/; Aug 2014 14



http://lod-cloud.net/
http://lod-cloud.net/
http://lod-cloud.net/

DisGeNET-RDF



E‘:‘ Data Model

e How to describe an association?

a) As a property

b) As a class

DisGeNET - Tutorial

Gene associated Disease

® @

S P O

Gene Association Disease

o—0—-0

O P S P O
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Data Model

e How to describe an association?

a) As a property

Gene associated Disease

® @

S P O

-

b) As a class

\_

Gene Association Disease

o—0—-0

O P S P O

J
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E‘:‘ Data Model

e How to describe an association?

RDF triples

2

[ Provenance and Evidence ]

-

b) As a class

\_

Gene Assocjation Disease

o—0—-0

O P S P O

J
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Data Model

Ontology-based integration

http://semanticscience.org/ontology/sio.owl

-
| Association
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DisGeNET Standards
— Shared IDs
— Standard ontologies
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http://semanticscience.org/ontology/sio.owl

* Semantic Annotation: Standard ontologies

Data Model

Prefix Namespace Vocabularies
ncit http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#  NCI Thesaurus
sio http://semanticscience.org/resource/ SIO

up http://purl.uniprot.org/core/ UniProt

void http://rdfs.org/ns/void# VolD

foaf http://xmlns.com/foaf/0.1/ FOAF Vocabulary
dcterms http://purl.org/dc/terms/ DCMI Terms
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns# RDF

rdfs http://www.w3.0rg/2000/01/rdf-schema# RDF Schema
xsd http://www.w3.0rg/2001/XMLSchemat# XML Schema
owl http://www.w3.0rg/2002/07/owl# OWL

skos http://www.w3.0rg/2004/02/skos/corett SKOS




Data Model

* Semantic Annotation: Standard ontologies

Prefix Namespace Vocabularies
ncit http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#  NCI Thesaurus
sio http://semanticscience.org/resource/ SIO

up http://purl.uniprot.org/core/ UniProt

void http://rdfs.org/ns/void# VolD

foaf http://xmlns.com/foaf/0.1/ FOAF Vocabulary
dcterms http://purl.org/dc/terms/ DCMI Terms
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns# RDF

rdfs http://www.w3.0rg/2000/01/rdf-schema# RDF Schema
xsd http://www.w3.0rg/2001/XMLSchemat# XML Schema
owl http://www.w3.0rg/2002/07/owl# OWL

skos http://www.w3.0rg/2004/02/skos/corett SKOS

RDF Structure




Data Model

* Semantic Annotation: Standard ontologies

Biomedical
Prefix Namespace Vocabulq entities
ncit http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#  NCI Thesaurus
sio http://semanticscience.org/resource/ SIO
up http://purl.uniprot.org/core/ UniProt | Relationships
void http://rdfs.org/ns/void# VolD
foaf http://xmlns.com/foaf/0.1/ FOAF Vocabulary
dcterms http://purl.org/dc/terms/ DCMI Terms
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns# RDF
rdfs http://www.w3.0rg/2000/01/rdf-schema# RDF Schema
xsd http://www.w3.0rg/2001/XMLSchemat# XML Schema
owl http://www.w3.0rg/2002/07/owl# OWL
skos http://www.w3.0rg/2004/02/skos/corett SKOS
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IBI SEMINAR - 17 -05 - 2016

22

RDF Structure [




Data Model

* Semantic Annotation: Standard ontologies

Biomedical
Prefix Namespace Vocabulq entities
ncit http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#  NCI Thesaurus
sio http://semanticscience.org/resource/ SIO
up http://purl.uniprot.org/core/ UniProt | Relationships
void http://rdfs.org/ns/void# VolD
foaf http://xmlns.com/foaf/0.1/ FOAF Vocabulary
dcterms http://purl.org/dc/terms/ DCMI Terms
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns# RDF Metadata
rdfs http://www.w3.0rg/2000/01/rdf-schema# RDF Schema
xsd http://www.w3.0rg/2001/XMLSchemat# XML Schema
owl http://www.w3.0rg/2002/07/owl# OWL
skos http://www.w3.0rg/2004/02/skos/corett SKOS

DisGeNET - Tutorial
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Data Model

 URIs in DisGeNET: shared, cool & dereferenceable

— ID Normalization
— DisGeNET URIs:

http://rdf.disgenet.org/resource/entity/ID

Unique
association
attributes

— Estable URIs from primary data providers
— Identifiers.org

http://identifiers.org/data-collection-namespace/ID

DisGeNET - Tutorial IBI SEMINAR - 17 -05 - 2016 24



Data Model

* URIsin DisGeNET: shared, cool & dereferenceable
— ID Normalization
— Gene-Disease Association::DisGeNET ID

Entity URI Semantics

Gene-Disease http://rdf.disgenet.org/resource/gda/ 5i0:510_001122

Association DGNf5cb3969d75871f05a5d5f984f8dfc34
PubMed article  http://identifiers.org/pubmed/9837812 ncit:C47902
Source http://rdf.disgenet.org/v3.0.0/void/uniprot-20150221 ETTPESIDRIERES,

dcat:Distribution

http://rdf.disgenet.org/resource/gda/
Score ncbigene:4728 umls:C0023264_association_DisGeNET ncit:C25338
Score

SNP http://identifiers.org/dbsnp/rs28939679 ncit:C18279




Data Model

* URIsin DisGeNET: shared, cool & dereferenceable
— ID Normalization
— Gene::NCBI Gene ID

Entity URI Semantics
Gene http://identifiers.org/ncbigene/4728 ncit:C16612
HGNC Gene Symbol http://identifiers.org/hgnc.symbol/NDUFS8 ncit:C43568
Protein http://identifiers.org/uniprot/000217 ncit:C17021
Panther Class ?;’i:pozc/)/zrﬂ.disgenet.org/resource/panther.classification cdfs:Class
Pathway http://identifiers.org/reactome/REACT_111217 ncit:C20633




Data Model

* URIsin DisGeNET: shared, cool & dereferenceable
— ID Normalization
— Disease::UMLS Concept Unique Identifier (CUI)

Entity URI Semantics
. http://linkedlifedata.com/resource/umls/id/ .
Disease C0023264 ncit:C7057
MeSH Class http://rdf.imim.es/rh-mesh.ow|#C18 rdfs:Class
. http://biotop.googlecode.com/svn/trunk/ _
UMLS Semantic Type umlssn.owl#T047 rdfs:Class
Phenotype http://purl.obolibrary.org/obo/HP_0004633 sio:SIO_010056

Human Disease
Ontology, MesH,
OMIM, Orphanet,
Decipher, NCIt, ICD9,
Human Phenotype
Ontology

Cross References http://identifiers.org/vocab-namespace/ID




Namespaces:

: <http:irelf.disgenet.orghv2, 1 0lveld ti>
rifa 3 e,

determs:  <hitp:ilpurl.arg/dclterms/>

skos: w3,

xsd: tp w30l

neit: <http:lincich.nci.nih.gov/xmliowl/EVS/Thesaurus.owl#>
sio: <http:fisemanticscience.orgiresourcel>
up: <http:/ipurl.uniprot.orghwp#>

foaf: <htpifemins. comifoafio. />

void: <http:lirdfs.orginsivoidss

detypes:  <http:iipurl.orgide/demitypel>

deat: <http:Hlurww.w3.orglns/dcaté>

pav: <http:fipurl.orglpavi2.0i>

prov: <http:/iverw.w3.ogins/prove>

eco; <http./fpurl.obolibrary.orgloboel>
neuro:  <http: i

Data Model

Common i for the main Note: Main concepts are highlighted by bold frames. Some properties have been omitted
from the graph model representation for the sake of clarity.
L xsd:string
Comman description properties
rdfs:comment { T I for concepts:
delermsiite [
— T
T st ite
i xadisiring P ————
{_=oma_] e T
w—

siohas phenotype’
1

Orphanet Ra

foalpage -
dostdownioadURL -

oy,

determdicense

provwasGeneratedy
wiavidence

determs:title
siohas source’
(51510 00D253)

(o her avidance’ determsssued

E donce’
on 1dfs seefiso —
m
sichas vaius'
- R
uprorganism
doterms date \-

1

sio has measuremant vake'
{3i0:SI0_0002 16}

dorerms:dascripti

mu o'

<
{si0:SI0_000001)

slo’has valug'
(si0:510_000216)

sio:has value®
(8:510_000300) 7

UniProt, Swiss-Prot

slozrefers to'
(st0:S10_000628)
skos:exaciMatch

Gio encodes’
|si0/SI0_010078)

skos exactMatch sio!'is representad by’

{sio:S10_001279) 7| Disaasa Ontology

KOS ExacIMAEh

E

DisGeNET - Tutorial

skog:exaciMaich
1 _D0D20%)

skos exaciMatch

"—\ Enfrez, PubChe: iseasol
GeneWiki, GeneCards, GeneAtlas.
rdfs:seahlso

s, l“"““"“'"\_
{si0: SIO_DDDOS2)

KOS EXACIMATED.

siocls about
(sio:510_000332)

sio: s atlribul
{i0/SIC_000008|

sincs member of”
{s10:510_000095)

rifs:isDefinadEy

rfs:subClassOr rdfe-subClassOf’

IBI SEMINAR - 17 - 05 - 2016 28
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Data Model

Namespaces: Common i for the main Note: Main concepts are highlighted by bold frames. Some properties have been omitted
from the graph model representation for the sake of clarity.
: <http:ilrdf.disgenet.orgiv2.1.O/vold i
e o lpogichom _— N
::;::ms. <hmp.ﬂ‘pnll‘ur-?‘fdcmm:l> ::“mm Soserition properties
xsd: tp w30l LLE xsd string concepts:
neit: <http:lincich.nci.nih.gov/xmliowl/EVS/Thesaurus.owl#> R
sio: <hitp:isemanticscience.orgiresource/> dalerma:itie e B Ll
up: <http:/ipurl.uniprot.orgiwp#> N ‘;""“"—.{m
foaf: <htpifemins. comifoafio. /> actenmsigentifier = drteem it
void: <http:lirdfs.orginsivoidss P ————
detypes:  <http:iipurl.orgide/demitypel> — |
deat: <http:Hlurww.w3.orglns/dcaté> D
prov: <http:/iverw.w3.ogins/prove>
eco; <http./fpurl.obolibrary.orgloboel>
E———— e

foa. pag!

deat dowmnaauRL

http://rdf.disgenet.org/download/4.0.0/ S

provwasGeneratedy

wiavidence

DisGeNET-RDF-Example.ttl (Turtle) =

sionas
si
! skosiaxactMatch

e Bonsen)
PubMed, PubChem

determsssued
/- -
nmms uampnm idfsseehlso
Shos exactiatch

alo \! lell‘ed lD‘
sio
siohas valug! _—

"'“—5‘0 e - o Slgsgmem)

sproeganism
determs dste \-
-!ms‘G WD:DD]
"BS‘!TW?%EV"EHI‘VM
(si0: 000216] skos. iciMatsh
e UniProt, Swiss-Prot
Goencotes’
Tea S0 G10078)

sio:'is represented by’ skos:exactMatch
205)

1

sio’has evidance'
(sm SI0_000772)

slozrefers to'
(st0:S10_000628)

HGNGC symhol

sio*has phenolype’ 3 skos exactMatch
{sio:SI0. l:nz?e) Dham Chhlcm Z,

skos exaciMatch

KOS ExacIMAEh

Pllbﬂ!!m Dlinalum!.

siocls about
(sio:510_000332)

E

sio has atiribul
siols memberof  (5i0/SI0_000008
(=10:510_000095)
siols pammp.m m
(si0:SI0_DDD0G2)

KOS EXACIMATED.

if:isDefinaddly I {5in:810_000095)

rfs:subClassOr 2 rdfs-subClassOf’ rifsisDefinedSy
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Metada Dataset Description

DisGeNET-RDF VolD file (Vocabulary of Interlinked Datasets)

<http://linkedlifedata.com/resource/umls/id/CB823264>

a ncit:C7857 ;

rdfs:comment "Disease [umls:C0023264] associated with at least one gene in DisGeMET. Diseases are identified by the UMLS CUL." ;
rdfs:label "Leigh Disease [umls:C@823264]" ;
dcterms:identifier “umls:C@823264" "~ xsd:string ;

L e e e
|vDid:inDataset <http://rdf.disgenet.org/v3.0.8/void/disease> ;
Sy iea e pepeienleimappeee " . L#Ta47 >

- i .
sio:SI0_eeeads <http://rdf.imim.es/rh-mesh.owl#C18> , <http://rdf.imim.es/rh-mesh.owl#C1l6> , <http://rdf.imim.es/rh-mesh.owl#C18>

GEne [ Disease ] [ Association ][ DO Class ] [ Pathway ] [ Pathway ]
) subsets
SNP I [ ST\\ ] [ PubMed ][ Panther Class ] [ Protein ] [ HGNC ]
AN Symbol
( \ )
\ DisGeNET-RDF Dataset
L \ J
4 R
\ DisGeNET Database DisGeNET
. J
Orphanet J [ UniProt J [ ClinVar J [ MGD J[ BeFree ] 12 sources

DisGeNET - Tutorial IBISEMINAR - 17 -05 - 2016 30



Dataset 1

DisGeNET

DisGeNET - Tutorial

Interlinking

DisGeNET -- RDF link -> LOD cloud

Dataset 2

skos:exactMatch

UniProt

Important in Federated Queries!

IBI SEMINAR - 17 -05 - 2016
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Interlinking

?s skos:exactMatch ?o

Biomedical
Databases
and
Disease
Terminologies

PubMed

NCBI

Gene Orphanet

N/
T DisGeNET o
— T

N

DBpedia MeSH

EFO



DisGeNET as Linked Open Data

(X0}
33

t
Putsicasons
Ule Sciences.
Cross-Domain
Sooal Networsng
Grograpts:
Govemment
Mecia
User.Ganermed Content
Linked Datasets as of August 2014

isgene

il jo
i

istics)

//datahub.io/dataset/d
(more stat

hub

3
4
[
2
]
2
m
i
i
[}
B
)
H
i
(i

S
[=
S

962,315 RDF links to RDF datasets in the LOD
https

4,
Fis

* Interlinking:
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Federated Query Support

 SPARQL 1.1: SERVICE <sparqgl endpoint> {}

i r
I PubChem I
| © BioAssay I
I [
! .
: \\as”&s“ %"’y :
o e e e
I @ @ 1 PharmGks
__________ - Pharmacogenomics Knowledge Base

I
— I
hasgi hasgi |
e s DrugBank
I CDrug Target SwissProt ID
I

hasTarget

Corug >

hasTarget

owl:sameAs

)

dnoidssimgsey
v
. .
..
Po= 1 Qnoigssimgsey

CDrug Target SwissProt ID.

|

|

|
owl:sameAs

1

I

owl:same?

w hasProtein lowl:sameAs @ I : .
» : OMIM:hasDisease : : Dl SGeNET
LI |

owl;sameAs Disease ID

I
i
. i
asProtein I
I OMIM:hasDisease Skos:exactMatch
I |
|
|

Cawissprot D>

I
I
o1
I OMIM : Jobns 1) CGeneD >
Human Protein 1 - 3 L . ; Hopkins |
Reference Database \ 1 L(mluu' Mendelian Inheritance in Man SUEE=eef Universi ty |
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Implementation

* DisGeNET RDF data, VoID dataset description, and seven OWL ontologies
loaded into the RDF Store

* Total number of triples: 30,506,021 (13G)

LODEStar: SPARQL + LD

Browser
Hardware: 7.1.0
SPARQL  Faceted Usage Restrictions
Endpoint  Browser « SPARQL:

* only SELECT, DESCRIBE, ASK,
CONSTRUCT
 performance opt:
* Max # of rows per result
* Max query cost estimation
time
Virtuoso @ PR « Max query execution time

Universal Server \m...... shnology

DisGeNET - Tutorial Security: basic setup 35



Accessibility

Download: RDF dump + linksets

— http://rdf.disgenet.org/download/

Faceted Browser

— http://rdf.disgenet.org/fct/

SPARQL endpoint

— http://rdf.disgenet.org/sparql/

EBI::LODEStar SPARQL + Linked Data Browser
— http://rdf.disgenet.org/lodestar/sparq|

Open PHACTS APIs

— https://dev.openphacts.org/docs/2.1

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Documentation

* Descriptions
* RDF Schema
* Points of access S —— ]
 SPARQL query examples @:

http://rdf.disgenet.org/

* Support @:
support@disgenet.org
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SPARQL QUERIES

* Not easy
* RDF Schema-aware
* Performance issues

* Optimal queries: there is a trade off
between the amount of time you
spend analyzing and transforming the
guery and the performance gains of
those transformations

* Technology-dependant

* crossing a lot of information
decrease speed (making the system
fails): better local

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016

THE #1 PROGRAMMER EXCUSE
FOR LEGITIMATELY SLACKING OFF:

“MY CODE’S COMPILING.

HEY! GET BACK
TO WORK!
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Querying DisGeNET

 SPARQL Queries over DisGeNET data

. * Contai || DisGeNET dat
http://rdf.disgenet.org/spargl/ . F,?ene?:;eis o -

http://rdf.disgenet.org/lodestar/sparql « SPARQL 1.1 Standard

Enter SPARCL Query

Example Queries
o Query 1
Get all gene-disease associations integrated in DisGeNET

o Query2

(et all gene-disease associations integrated in DisGeNET searching by the ‘Ovarian cancer' class in DO

SELECT DISTINCT 2gda *type ?label FROM <http://rdf.disgenst.org: WHERE { (DOID:2394)
Jeda rdfitype type . [ Lada)

Jtype rdfs:subClassof+ sio:SI0_8@ess3 .

Mtype rdfs:label 2label o Query 3

}

Lo 58 Get all diseases in DisGeNET searching by 'Familial prostate cancer ¢lass in ORDO (Orphanet_1331).

Results perpage:|25 v
Output: | HTML v

Submit Query || Reset

LODEStr
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Namespaces:

: <http:irelf.disgenet.orghv2, 1 0lveld ti>
rifa 3 e,

determs:  <hitp:ilpurl.arg/dclterms/>

skos: w3,

xsd: tp w30l

neit: <http:lincich.nci.nih.gov/xmliowl/EVS/Thesaurus.owl#>
sio: <http:fisemanticscience.orgiresourcel>
up: <http:/ipurl.uniprot.orghwp#>

foaf: <htpifemins. comifoafio. />

void: <http:lirdfs.orginsivoidss

detypes:  <http:iipurl.orgide/demitypel>

deat: <http:Hlurww.w3.orglns/dcaté>

pav: <http:fipurl.orglpavi2.0i>

prov: <http:/iverw.w3.ogins/prove>

eco; <http./fpurl.obolibrary.orgloboel>
neuro:  <http: i

Data Model

Common i for the main Note: Main concepts are highlighted by bold frames. Some properties have been omitted
from the graph model representation for the sake of clarity.
L xsd:string
Comman description properties
rdfs:comment { T I for concepts:
delermsiite [
— T
T st ite
i xadisiring P ————
{_=oma_] e T
w—

siohas phenotype’
1

Orphanet Ra

foalpage -
dostdownioadURL -

oy,

determdicense

provwasGeneratedy
wiavidence

determs:title
siohas source’
(51510 00D253)

(o her avidance’ determsssued

E donce’
on 1dfs seefiso —
m
sichas vaius'
- R
uprorganism
doterms date \-

1

sio has measuremant vake'
{3i0:SI0_0002 16}

dorerms:dascripti

mu o'

<
{si0:SI0_000001)

slo’has valug'
(si0:510_000216)

sio:has value®
(8:510_000300) 7

UniProt, Swiss-Prot

slozrefers to'
(st0:S10_000628)
skos:exaciMatch

Gio encodes’
|si0/SI0_010078)

skos exactMatch sio!'is representad by’

{sio:S10_001279) 7| Disaasa Ontology

KOS ExacIMAEh

E

DisGeNET - Tutorial

skog:exaciMaich
1 _D0D20%)

skos exaciMatch

"—\ Enfrez, PubChe: iseasol
GeneWiki, GeneCards, GeneAtlas.
rdfs:seahlso

s, l“"““"“'"\_
{si0: SIO_DDDOS2)

KOS EXACIMATED.

siocls about
(sio:510_000332)

sio: s atlribul
{i0/SIC_000008|

sincs member of”
{s10:510_000095)

rifs:isDefinadEy

rfs:subClassOr rdfe-subClassOf’

IBISEMINAR - 17 -05 - 2016 41
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Data Model

| Association

-

is-a

A S10_000897

Gene Disease
Association

=

is-a A SIO_000983

Therapeutic [

Biomarker ]

Susceptibility
Mutation

S10_001120 is-a & SIO_ 001121
[ Genomic h Altered Post-translational
Alterations Expression Madification
js-a M SI10_001350 SI0_001123 S10_001124
Chromosomal Genetic Fusion
Rearrangement Variation Gene
S10_001349 is-a & SIO 001122 510_001348
. I
] Causal Maodifying
Mutation Mutation

SI0_001343

DisGeNET - Tutorial

is-a * S10_001119

i-a + S10_001342

|

Somatic Causal
Mutation

Germline Causal
Mutation

Somatic Modifying I[ Germline Modifying

Mutation

Mutation

S10_001345 SI0_001344

S10_001346

rdf:type

Geneliseasell ssasition
{sio: 510_000383)

IBI SEMINAR - 17 -05 -

2016

S10_001347
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Minimal Resource Description Graph

 rdfs:label: name + identifier

* rdfs:comment: human-readable description
* dcterms:title: resource name

e dcterms:identifier: namespace:identifier

e void:inDataset: RDF subset provenance

DisGeNET - Tutorial IBISEMINAR - 17 -05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Minimal Resource Description Graph

?type

T rdf:type

?subject

e

?label

comment

DisGeNET - Tutorial

?id

?rdfSource

?title

SELECT DISTINCT *
FROM <http://rdf.disgenet.org>
WHERE{

?subject rdf:type ?type ;
rdfs:label ?label;
rdfs:comment ?comment ;
dcterms:identifier ?id ;
dcterms:title ?title ;
void:inDataset ?rdfSource .

}
LIMIT 100

IBI SEMINAR - 17 -05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Minimal Resource Description Graph

Enter SFARGL Query

TOUDTUOVTDTOTTOT

=

id
determs:title i
woid:inDataset 2

}

Results perpage: (25 v

Submit Query || Reset

Previous

subject

2/ identifiers.oreneieens 10290

-rdf-syntax-nz#:

£ws/Thesaurus. oulss

type Iahel

- neit:C16612 fertility assoclated sperm antigen

[nchigens: 100192455]

ot CI6612 SPEG complex locus [nebigene: 10290]

Tty identifiers ore nchisens 1043

neitCIE612 CDE2 molecule [nebigene:1043]

2/ identifiers.ore nehigens 10795

noit: U861 2 zine finger protein 268 [nebigens: 10795]

DisGeNET - Tutorial

Example Queries

s Cuery 1

Get all gene-disease associations integrated in DisGeMNET

s Query2

Get all gene-disease associations integrated in DisGeMET searching by the ‘Ovarian cancer class in DO

(DOID:2394)

« Query 3

Get all diseases in DisGeNET searching by 'Familial prostate cancer class in ORDO (Crphanet_1331).

Cutput: [HTML v

25 results per page
COMMENT

(rene [nehigene: 100192433] assoctated with at least one disease in DisGeMNET. Genes are
1dentified by the NCBI Entrez Gens ID from the NCBI (rene Database, a database of the
U.5. Natiomal Library of Medicme.
Gene [nehigene: 10290] associated with at least one disease m DhsGeNET. Genes are
wdentified by the ICEI Entrez Gene ID from the INCBI Gene Database, a database of the
T.5. Natiomal Library of Medicine.
Gene [nebizene: 1043] assoctated with at least ome disease m DhsGelNET. Genes are
1dentified by the NCBI Entrez Gena ID from the MCBI (rene Database, a database of the
U.5. Natiomal Library of Medicme.
(rene [nohigene: 10793 associated with at least one disease m DisGeNET. Genes are
dentified by the NCBI Entrez Gene ID from the MCBI Gene Database, a database of the
.5, Natiomal Library of Medicime.

IBISEMINAR - 17 -05 - 2016

id

title

nchigene: 1001924 35 fertility associated sperm antigen

nchigene: 10290

nebigens: 143

nchigens: 10795

SPEG complex locus

CD32 molecnle

zme finger protem 268

rdfSource
2/ rdf diseenet ore 3. 0.0'void 'sene

Iittp: ! Tdf diseenet.are v3.0.0'vod 'sene

Tttp:rdf dissenet. ore/v3. 0. 0void zene

2/ rdf disgenet ore 3. 0.0'vod sene
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

DisGeNET - Tutorial IBISEMINAR - 17 -05 - 2016 46



Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

- SELECT DISTINCT ?gda
si0:510_001122 FROM <http://rdf.disgenet.org>
Trdf:type WHERE{

?gda rdf:type sio:SIO_001122 .

[ gda ] I}.IMIT 100

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016



Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

Enter SFARCL Ciuery

SELECT DISTINCT ?gda

FROM <http://rdf.disgenet.org>
WHERE{

e ?gda rdf:type sio:SIO_001122 .

ncit: '"-t" nciek.nci.nih. gov ;."_1 oW .-'Thesa.Jr',s.c'.ulf:-
up: <http:/ p.Jr'l unipr :-t org/caore/ }

n

PREFI)

SELECT DISTINCT ?gda

;-‘_\':,E";E_:<ht—_p:.-'.-"':I" .dizgenst.org: LI M IT 100

*eda rdfitype sio:sSIO 881122

}
LIMIT 188

Results perpage:[25 ¥

Submit Query || Reset

Previous

gda
rdf diszenet. ore resource ' eda TGN O05 11642025752 5088282 7113522330
rdf. dissenet. ore resource ' eda DGO 282 3342474361 159343 3042 Ba 560
rdf. dissenet. ore resoree’' sda DG 01alebdf932e 1 8o "'S:I-I-S:I Ibflefed
ri diseenst. ore Tesouree =da DG \Cl 4&&3613 200cflcTdaBe "6’

H_ ’11 Eenet ore resource ""]J.DG\:I-I-E..!.....:':'—I-b 092e07 EES 19ac 4 578
rdf. dissenet. ore resource ' eda DGM053 10900eabda 038962 6cc B4 Jeb0a
rdf dissenet. ore resouree 'eda DEMOT914 7e ] lef be656cbblddfa le92 Bl
rdf dissenst. ore resource ' eda DEMOS01E1 20 S8Te464042a JacBa73
rdf diseenet ore resouree ' eda DGR 08409605 58eb3fiibe 715473 258723

DisGeNET - Tutorial IBI SEMINAR - 17 — 05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

* Which is the sio:SI0O_001122 class?

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

* Which is the sio:SI0O_001122 class?

SELECT DISTINCT ?gda ?type ?label
FROM <http://rdf.disgenet.org>
WHERE {

?gda rdf:type ?type .

FILTER(?type = sio:SI0_001122)
?type rdfs:label ?label

}
LIMIT 100

DisGeNET - Tutorial IBI SEMINAR - 17 -05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each ?gda, show me the ?gene and the ?disease associated, and the
?typeOfAssociation

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each ?gda, show me the ?gene and the ?disease associated, and the
?typeOfAssociation

SELECT DISTINCT ?gda ?gene ?disease ?type ?label
FROM <http://rdf.disgenet.org>
WHERE {
?gda rdf:type ?type ;
sio:SIO_000628 ?gene, ?disease .
?type rdfs:label ?label .
?gene a ncit:C16612 .
?disease a ncit:C7057

}
LIMIT 50
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each ?gda, show me the ?gene and the ?disease associated, the
?paper, and the ?sentence description of the relationship in the paper

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each ?gda, show me the ?gene and the ?disease associated, the
?paper, and the ?sentence description of the relationship in the paper

SELECT DISTINCT ?gda ?gene ?disease ?paper ?sentence
FROM <http://rdf.disgenet.org>
WHERE {
?gda sio:SIO_000628 ?gene, ?disease ;
sio:SI0_000772 ?paper ;
dcterms:description ?sentence .
?gene a ncit:C16612 .
?disease a ncit:C7057

}
LIMIT 50

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each ?gda, show me the ?gene and the ?disease associated, the
?paper, and the ?sentence description of the relationship in the paper

DisGeNET - Tutorial

SELECT DISTINCT ?gda ?gene ?disease ?paper ?sentence
FROM <http://rdf.disgenet.org>
WHERE {
?gda sio:SIO_000628 ?gene, ?disease ;
sio:SI0_000772 ?paper ;
dcterms:description ?sentence .
FILTER(regex(str(?sentence), "syndrome", "i"))
?gene a ncit:C16612 .
?disease a ncit:C7057

}
LIMIT 50

IBI SEMINAR - 17 -05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each ?gda show me the ?gene, ?disease, ?source, and the level of
?evidence of the association

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each ?gda show me the ?gene, ?disease, ?source, and the level of
?evidence of the association

PREFIX wi: <http://purl.org/ontology/wi/core#>

SELECT DISTINCT ?gda ?gene ?disease ?source ?evidence
FROM <http://rdf.disgenet.org>
WHERE {
?gda sio:SIO_000628 ?gene, ?disease ;
sio:SI0_000253 ?source .
?gene a ncit:C16612 .
?disease a ncit:C7057 .
?source wi:evidence ?evidence

}
LIMIT 50

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each gene-disease pair show me the ?number of evidences and the
score ?value

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

*For each gene-disease pair show me the ?number of evidences and the
score ?value

SELECT DISTINCT ?gene ?disease count(DISTINCT ?gda) AS ?numberOfEvidences
?scoreValue
FROM <http://rdf.disgenet.org>
WHERE {
?gda sio:SIO_000628 ?gene, ?disease ;
sio:SI0_000216 ?score .
?gene a ncit:C16612 .
?disease a ncit:C7057 .
?score sio:SI0_000300 ?scoreValue
}
ORDER BY DESC(?numberOfEvidences) DESC(?scoreValue)
LIMIT 50

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

* For each ?gda show me the ?snp

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Gene-Disease Association Graph

* For each ?gda show me the ?snp
* Go to the Web and understand and execute Q1.1-Q1.4

SELECT DISTINCT ?gda ?gene ?disease ?snp FROM

<http://rdf.disgenet.org>

WHERE {

?gda sio:SIO_000628 ?gene, ?disease ;
sio:SI0_000001 ?snp .

?gene a ncit:C16612 .

?disease a ncit:C7057 .

}
LIMIT 50

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

 SPARQL Queries over DisGeNET data
* Gene Graph

sio-hEs vale decima]
- oo
i TEs measunemen i vale
(SHoc I D00Z 1) skosexacthizich
»| LiniProt, SwissProt
sl encodes
S0 _010078)
50075 reoresented by skosena cikiaih
S e

\—h\‘-.._\

skoecexactMaich

Entrez, CTD, PubCheam, I:igeasulne.
Gens\Wik, GeneCards, Gensdtlas
Tdfssee Ao

sl:-ls _

skosexacihanch

H
-
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Querying DisGeNET

 SPARQL Queries over DisGeNET data
* Gene Graph

SELECT DISTINCT ?gene
Gene FROM <http://rdf.disgenet.org>
WHERE{

?gene rdf:type ncit:C16612 .

rdf:type

?gene )
= LIMIT 100




Querying DisGeNET

 SPARQL Queries over DisGeNET data
* Gene Graph

DisGeNET - Tutorial

Enter SPARCL Cuery

PREFIX rdT: <http

f1o99/8z/22-rdf -syntan-nss
‘rdT-schema:
Y, FF

)

a2/skos/core#:

old#s

re/resource/ >
gov/xmlfowl/EVS/ Thesaurus. owl#
/fpurl.uniprot.org/core/>

A TUOUTVTODOOTOTD

SELECT DISTINCT ?gene
FROM «<http://rdf.disgenet.org:
WHERES

i-g-ene rdf:type ncit:Cl6612 .

LTMIT 188

Results perpage; |25 ¥

Submit Query || Reset

TEVIONS

gene
luttp: identifiers. orenchizene 100192453
Inttp: identifiers. ore nchizens 10290
Iuttp: identifiers. ore nehizene 143
Inttp: identifiers. ore nelisens 10795
Inttp: identifiers. ore nclisens 11325
Inttp: identifiers. ore nchizene 1 14768
Tty Vrdenhifiers ore'nehieene 117381
Tty Vrdenhifiers ore'nehieene 127343
http:Videntifiers. ore nebigens 130802
http:Videntifiers. ore nehigene 148713
http:Videntifiers. ore nehigene 163

SELECT DISTINCT ?gene
FROM <http://rdf.disgenet.org>
WHERE{

?gene rdf:type ncit:C16612 .

}
LIMIT 100

IBI SEMINAR - 17 -05 - 2016
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Querying DisGeNET

 SPARQL Queries over DisGeNET data
* Gene Graph

* For each ?gene show me:
* ?identifier, ’name, ?geneSymbol
* ?protein(s)
 ?panther class(es) and ?pantherclassname
* ?pathway(s) and ?pathwayname

* Go to web and understand/execute Q1.5



Querying DisGeNET

* SPARQL Queries over DisGeNET data
e Disease Graph

DisGeNET - Tutorial IBISEMINAR - 17 -05 - 2016
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Querying DisGeNET

 SPARQL Queries over DisGeNET data

* Disease Graph

[ ?disease ]

rdf:type

SELECT DISTINCT ?disease
FROM <http://rdf.disgenet.org>
WHERE{

?disease a ncit:C7057 .

}
LIMIT 100

Disease, Disorder or
Finding




Querying DisGeNET

 SPARQL Queries over DisGeNET data
e Disease Graph

Enter SPARQL Query

o SELECT DISTINCT ?disease

2 FROM <http://rdf.disgenet.org>
br s WHERE{

s e ?disease a ncit:C7057 .

_<http://rdf.disgenet.org>

disease a ncit:cves7? . }

LIMIT 100

LIMIT 188

Results perpage; |25 ¥

Submit Query || Reset

Previcus
disease
Tty limkedhifedata. com resoures wnls 1 COD07133

Iittp: | Imkedhifedata. com'resource vmls 1d CO01 1430

Tt limkedhfedata. com'resouree mmls 14/ C0014078
Tty limkedhifedata. com resoures wmnls 11[31] S?:CI
o limkedlifedata.c d 1
Tty limkedhifedata.c
ity limkedhifedata.c

o linkedlifedata.c : g
Tty limkedhifedata. com resoures wmnls 11[31] 5'7-18

hittp: | Imkedhifedata. com'resource vmls 1d CO0E0032

Tty lnakeedhifedata. com resouree wmnls 1 C0T31774
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Querying DisGeNET

 SPARQL Queries over DisGeNET data
* Disease Graph

Disease
SELECT DISTINCT ?disease
rdf:type FROM <http://rdf.disgenet.org>
_ WHERE{
[ ?disease ] 2disease a ncit:C7057 , sio:SI0_010299 .
}
dfitype | LIMIT 100

Disease, Disorder or
Finding




Querying DisGeNET

 SPARQL Queries over DisGeNET data
* Disease Graph

* For the disease <http://linkedlifedata.com/resource/umls/id/C0596263> show me:
* the disease ?name, MeSH disease class ?label, and the umIsSTY ?title
* show all cross-references to other disease terminologies

* Go to the Web and understand/execute Q1.6



Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Disease mapping to other ontologies

CTD,

SIDER, |
Link=dGT

Human Dissass

|

M=5H

mtiype
Ol

Orphanst Rare
Diseace Onology [~

DECIPHER

NCI

ICDS-CM

Human Phenotyps
Ontology

Experimental Factor
Omnitodogy

DisGeNET - Tutorial IBISEMINAR - 17 -05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Disease mapping to other ontologies

Disease SELECT DISTINCT ?disease
FROM <http://rdf.disgenet.org>
?link WHERE{

?disease skos:exactMatch ?ontology .

[ ?ontology ] }

COVERAGE

MeSH

% Diseases 100 27 40 34 20 14 11 11 8 04
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Ontology Walking queries

* Grouping of similar instances

* Filtering data

* Query data by classes

?child rdfs:subClassOf+ ?parent

*Ontologies loaded in our RDF triple store: SIO, DO,
ORDO, NCIT, HPO, EFO, and ECO (OWL)

* Go to the Web and understand/execute Q1.7and Q1.11

DisGeNET - Tutorial IBISEMINAR - 17 -05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
 Disease-Phenotype Association Graph (curated from HPO)

sio:has phenotyé
(sio:S10_001279) T

I

Qrphanet Rara
Diseass Cinbology

DisGeNET - Tutorial

DECIPFHER
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Disease-Phenotype Association Graph (curated from HPO)
* Why this model?

SELECT DISTINCT ?disease count(distinct ?hpdisease) as ?hpdiseases count(distinct
?phenotype) as ?phenotypes WHERE {

?disease rdf:type ncit:C7057 .

?disease skos:exactMatch ?hpdisease .

?hpdisease sio:SIO_001279 ?phenotype .
}
ORDER BY DESC(?hpdiseases)
LIMIT 100

SELECT DISTINCT ?disease ?hpdisease count(distinct ?phenotype) as ?phenotypes
WHERE {

?disease rdf:type ncit:C7057 .

?disease skos:exactMatch ?hpdisease .

?hpdisease sio:SIO_001279 ?phenotype .

FILTER (?disease = <http://linkedlifedata.com/resource/umls/id/C3280766>)

}
GROUP BY ?disease ?hpdisease




Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Disease-Phenotype Association Graph (curated from HPO)

* How many phenotypes are associated with Orphanet:209

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Disease-Phenotype Association Graph (curated from HPO)

* How many phenotypes are associated with Orphanet:209

SELECT DISTINCT ?disease ?hpdisease count(distinct ?phenotype) as ?phenotypes
WHERE {

?disease rdf:type ncit:C7057 .

?disease skos:exactMatch ?hpdisease .

?hpdisease sio:SIO_001279 ?phenotype .

FILTER (?hpdisease = <http://identifiers.org/orphanet/209>)




Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Disease-Phenotype Association Graph (curated from HPO)

* How many diseases are associated with a phenotype

DisGeNET - Tutorial IBI SEMINAR - 17 —-05 - 2016
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Querying DisGeNET

* SPARQL Queries over DisGeNET data
* Disease-Phenotype Association Graph (curated from HPO)

* How many diseases are associated with a phenotype

SELECT DISTINCT ?phenotype ?phenotypeName count(distinct ?disease) as
?diseases
WHERE {

?hpdisease sio:SI0O_001279 ?phenotype .

?phenotype dcterms:title ?phenotypeName .

?disease skos:exactMatch ?hpdisease .

?disease rdf:type ncit:C7057 ;

dcterms:title ?diseaseName .

}
ORDER BY DESC(?diseases)
LIMIT 100

* Go to the Web and understand/execute Q1.10 and Q1.12




Querying DisGeNET + LOD cloud

* Federated Queries: DisGeNET + external datasets

SPARQL query graph
Crossing data with Gene Expression Atlas data
ncit:C18279
(ncit:SNP)
rdf:type
o Pexpression
nqt.(.j?OS? ncit:C16612 @ \F;alue
(ncit:disease) (ncit:Gene)
sio:SI0_000001 rdf:type
rdf:type (sio:is related to) rdf:type
atlas:pvalue rdfs:label
sio:S10_000628 5i0:510_000628
(sio:refers to) (sio:refers to)
rdf:type
- si0:510_010078 ‘
sio:S10_001123 (sio:encodes) atlas:isMeasurementOf
(sio:AlteredExpression)
Towlsamens ®—
owl:sameAs atlas:dbXref

* Go to the Web and understand/execute the Federated Queries
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Use Cases

What genes are associated to Marfan syndrome?

What evidence supports the association between APP gene and Alzheimer
Disease?

What disease classes are associated with APP gene?

Which genes and evidence support the comorbidity between Chronic
Kidney disease and Diabetes Mellitus, Type 27

What SNPs are related to the MECP2 and Rett Syndrome association?

Which diseases are associated to post-translational modifications type of
association?

What disease genes are hitted by compounds in ChREMBL?
What disease genes have differential expression in Gene Expression Atlas”?
What disease genes are in WikiPathways?

Find compounds (from ChEMBL) that target genes (from DisGeNET) that
participate in the same pathway (from WikiPathways)



DisGeNET - Tutorial

Thanks for your attention!
Questions are welcome
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