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Research ques+ons


•  What	are	the	diseases	associated	to	the	gene	SIRT1?	

•  What	are	the	genes	associated	to	a	Alzheimer’s	disease?	

•  What	are	the	genes	shared	by	comorbid	diseases?	

•  What	are	the	geneSc	variants	associated	to	obesity?	

•  What	are	the	druggable	proteins	associated	to	

Schizophrenia?	

•  Which	are	the	pathways	perturbed	in	Lafora	disease?	



High	throughput	genomic	technologies	are	helping	to		
find	disease	genes	and	pathogenic	variants	

Only	one	or	few	may	be	causaSve	

Approximately	10,000	of	these	variants	will	have	a	
consequence	at	the	protein	funcSon	

A	typical	whole	exome	sequencing	experiment	produces	
30,000–100,000	variants	relaSve	to	the	reference	
genome	



	
IdenSficaSon	of	true	pathogenic	variants	among	

all	the	variaSon	is	sSll	a	major	challenge	
	



The	availability	of	comprehensive,	traceable,	high	quality	
data	on	genotype-phenotype	relaSons	is	key	

phenotype	genotype	



DATA	SILOS	



What	is	the	geneDc	basis	of	Wilson	Disease?		
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What	is	the	geneDc	basis	of	Wilson	Disease?		



Data	
Silos	

Different	
Standards	

Large	
Volume	

Need	for	resources	that	gather,	integrate	and	
standardize	informaSon	on	the	geneSc	basis	of	diseases	

InformaDon	on	geneDc	basis	of	diseases	



ü  Knowledge	plaDorm	on	human	diseases	and	their	genes	

ü  Covers	all	disease	therapeuSc	areas	

ü  Integrates		informaSon	from	expert-curated	resources	and	from	

the	literature	

ü  Focus	on	gene-disease	associaSon	(GDA)	and	its	supporSng	

evidence	

ü  StandardizaSon	of	the	informaSon	and	provenance	



	

Bio-Entity Finder and Relation Extraction 

Gene-disease	associaSons	Gene-disease	associaSons	

Biomedical databases 
Text mining 

http://ibi.imim.es/befree/ 

DisGeNET:	the	implementaDon	

Piñero	et	al,	2015		doi:	10.1093/database/bav028	



GWAs	catalog	

OrphaNet	

UniProt	

CTD	

LHGDN	

CTD	

Curated	 Predicted	 Literature	

RGD	

BEFREE	

GAD	

ClinVar	

MGD	

DisGeNET	v4.0	

DisGeNET:	data	sources	



DisGeNET:	staDsDcs	(version	4.0)	

	
Source	 Genes	 Diseases	 AssociaDons	

Curated	 7,362	 7,607	 32,834	

Predicted	 2,743	 2,064	 10,264	

Literature	 16,141	 11,447	 403,925	

All	 17,381	 15,093	 429,036	

Last	update:	June	2016	

>94%	
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What is Text Mining?


Text	mining	unlocks	
informaSon	by	
automaScally	
extracSng	data	from	
free-text	resources		
	



BioNER	module	
	

•  EnSty	menSon	and	
normalizaSon	

•  Fuzzy	and	panern	matching	
methods	+	dicSonaries	

•  Disease	and	genes	
•  Handles	ambiguiSes	between	

enSSes	

RelaDon	ExtracDon	module	
	

•  Based	on	SVM	
•  Combines	Shallow	LinguisSc	

Kernel	(KSL)	with	Dependency	
Kernel	(KDEP)	

•  Exploits	shallow	and	deep	
syntacSc	informaSon	

hnp://ibi.imim.es/tools/befree/	
	



Gene-disease	associaDon	idenDficaDon	with	BeFree	

Gene-disease	associaDon	types	according	to	the	DisGeNET	ontology	
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STANDARDS	



phenotype	genotype	

•  Large	in	scale	and	growing	rapidly	
(NGS)	

•  Large	studies	on	geneScs	of	
disease	available	

•  HGVS	standard	for	sequence	
variaSon	nomenclature	

•  Standards	for	data	exchange	
•  UniProt,	NCBI,	Ensembl	
•  VarioML,	VariO	

•  Phenotype	data	spans	a	wide	spectrum	
of	possible	observaSons	about	an	
individual		

•  More	difficult	to	capture	and	to	
standardize	

•  Human	Phenotype	Ontology,	Disease	
Ontology	

•  Broad	phenotype	categories	used	in	
many	studies	



phenotype	genotype	

•  Gene,	protein,	SNPs	
•  Official	Gene	symbol	
•  NCBI	Gene	Id	
•  Uniprot	accession	
•  dbSNP	idenSfier	for	
variants	

•  Diseases	and	phenotypes	
•  UMLS	CUIs	
•  UMLS	semanSc	types	
•  Disease	Ontology	
•  Mappings	to	a	variety	of	
phenotype	vocabularies	
and	ontologies	

Standards	in	DisGeNET	

DisGeNET	associaSon	type	ontology	



DisGeNET	associaDon	type	ontology	

hnp://sio.semanScscience.org		



Coverage	of	disease	vocabularies	and	ontologies	in	DisGeNET	

UMLS	 MeSH	 OMIM	 NCIt	 DO	 ORDO	 ICD9CM	 EFO	 HPO	 DECIPH	

100	 57	 40	 34	 20	 14	 11	 11	 8	 0.4	



Signs,	symptoms	and	diseases	in	DisGeNET	

•  Abnormal	phenotypes,	signs	and	symptoms	
InflammaSon	
Seizures	
Pain	
Overweight	

•  Diseases	
Breast	carcinoma	
Diabetes	Mellitus	

•  Disease	class	
Cardiovascular	Diseases	
Autoimmune	Diseases	
NeurodegeneraSve	Diseases	



Number	of	
concepts	

Number	of	
associated	genes	

Number	of	
associated	SNPs	

Disease	 13,674	 17,005	 44,467	

Disease	class	 55	 5,739	 992	

Phenotype	 1,364	 9,332	 2,894	

Signs,	symptoms	and	diseases	in	DisGeNET	



DATA	PRIORITIZATION	





Indicates	popularity	of	a	gene-disease	associaDon	across	all	data	
sources	

DisGeNET	score	=	SCURATED	+	SPREDICTED	+	SLITERATURE	

DisGeNET	gene-disease	associaDon	score	





Disease	Specificity	Index	(DSI)	

ü  Indicates	how	specific	is	a	gene	with	respect	to	diseases	
	
ü  Is	inversely	proporSonal	to	the	number	of	diseases	associated	to	

a	parScular	gene	(ranges	from	0	to	1).		
	
	
ü  A	gene	associated	to	a	large	number	of	diseases,	such	as	TNF	

(associated	to	>	1,500	diseases),	is	less	“specific”	for	any	disease,	
and	has	a	small	DSI	value	(0.247)	

ü  A	gene	associated	to	only	one	disease,	is	more	“specific”	for	that	
disease	and	has	DSI	of	1.		



Top	scored	genes	for	Wilson	disease	

Gene	
Number	

of	
diseases	

DisGeNET	
score	 DSI	 Number	of	

PMIDs	
Number	of	

SNPs	

ATP7B	 57	 0,819	 0,596	 234	 99	
ANXA5	 129	 0,2	 0,505	 1	 0	
PRNP	 205	 0,128	 0,468	 4	 1	
CP	 114	 0,126	 0,532	 26	 0	
LOX	 141	 0,123	 0,498	 2	 0	
LOXL2	 48	 0,123	 0,610	 1	 0	
APOE	 729	 0,122	 0,333	 2	 0	
TNF	 1524	 0,120	 0,247	 2	 0	
IL6	 1260	 0,120	 0,268	 2	 0	
NDUFB7	 1	 0,120	 1	 1	 0	



Top	scored	genes	for	Major	Depressive	Disorder	

Gene	
Number	

of	
diseases	

DisGeNET	
score	 DSI	 Number	of	

PMIDs	
Number	of	

SNPs	

SLC6A4	 374	 0,236	 0,411	 157	 5	
TPH2	 89	 0,211	 0,548	 26	 1	
HTR2A	 222	 0,155	 0,463	 45	 17	
PCLO	 20	 0,130	 0,696	 12	 5	
CRHR1	 118	 0,127	 0,531	 11	 11	
CYP2D6	 316	 0,127	 0,4281	 11	 2	
FKBP5	 78	 0,126	 0,563	 16	 1	
SP4	 16	 0,125	 0,739	 3	 1	
GRM7	 32	 0,123	 0,666	 5	 1	
GNAI3	 7	 0,122	 0,812	 2	 1	



FLEXIBLE	DATA	ACCESS	
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DisGeNET	Cytoscape	app	

•  Network	representaSon	of	gene-disease	associaSons	and	
projecSons	

•  Downstream	analysis	with	a	variety	of	network	analysis	and	
annotaSon	tools	available	in	Cytoscape	
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DisGeNET	as	Linked	Open	Data	



ü What	are	the	perturbed	pathways	in	Lafora	disease?	

ü What	proteins	associated	with	Aarskog	syndrome	are	

potenSal	drug	targets?	

ü Which	genes	differenSally	expressed	in	beta	cells	are	

associated	to	PancreaSc	cancer?	

DisGeNET	as	Linked	Open	Data	



	

•  RDF	and	nanopublicaDons		
•  URIs:	RDF	providers	or		

•  SIO	
•  Use	of	standards	(11	ontologies	in	NCBO)	

• Metadata	descripSon	(W3C	HCLS)	
• Interlinking	

• Bio2RDF	
• Linked	Life	Data	

• Access	
• Download	Data	Dump		
• SPARQL	Endpoint	
• Faceted	Browser	
• Open	PHACTS		

• 	NanopublicaSon	Network	
• disgenet2R	

• 	Open	license	
• FAIR	(ELIXIR	and	NIH)	
• Datahub	
• Sovware	

hnp://lod-cloud.net/;	Aug	2014	

DisGeNET	as	Linked	Open	Data	



SemanDc	Web	–	Linked	Data	
Based	on	W3C	standards	

RDF:	Resource	DescripSon	Framework	
Captures	logical	structure	of	the	data	
Graph	representaSon	

SPARQL:	RDF	query	language		



Usual	Web	vs	SemanSc	Web		

Website	 Dataset	
Page/URL	 Resource/URI	
document,	textual	 Formal	descripSon	
HTML:	presentaSon	 RDF:	semanSc	
Human	readable	 Machine	readable	



SPARQL Query Structure

#	prefix	declaraSons	
PREFIX	 	foaf:<hnp://xmlns.com/foaf/0.1/>	
#	dataset	definiSon	
FROM	 	<DATASET	GRAPH>	
#	result	clause	
SELECT	/CONSTRUCT/ASK/DESCRIBE	 	..OUTPUT..	
#	query	panern	
WHERE	 	{	graph	pajern	}	
#	query	modifiers	
ORDER	BY	…	
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Gene	associated	Disease	

S	 P	 O	

RB	is	overexpressed	in	bladder	cancer	samples	as	measured	by….	

A	statement	in	a	publicaSon	

In	RDF,	a	statement	is	a	triple	

Subject	

Predicate	

Object	



RB1	

RB	is	overexpressed	in	bladder	cancer	samples	as	measured	by….	

A	statement	in	a	publicaSon	

In	RDF,	a	statement	is	a	triple	

AlteredExpression	

Carcinoma	of	bladder	

hnp://rdf.disgenet.org/resource/gda/DGN1234	

hnp://idenSfiers.org/hgnc.symbol/RB1	
hnp://linkedlifedata.com/resource/umls/id/C0699885	



Data Model


•  How	to	describe	an	associaDon?	
	

a)	As	a	property	
	
	
	
b)	As	a	class	

Gene	associated	Disease	

S	 P	 O	

Gene	AssociaDon	Disease	

P	O	 S	P	 O	
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a)	As	a	property	
	
	
	
b)	As	a	class	

Gene	associated	Disease	

S	 P	 O	

Gene	AssociaDon	Disease	

P	O	 S	P	 O	

Provenance	and	Evidence		
RDF	triples	



Data Model

•  Ontology-based	integraDon	

	

•  DisGeNET	Standards	
•  Shared	IDs	
•  Standard	ontologies	

Gene	AssociaDon	Disease	

P	O	 S	P	 O	

hjp://semanDcscience.org/ontology/sio.owl	

				DisGeNET	AssociaDon	
Type	Ontology	

rdf:type	



hjp://rdf.disgenet.org/download/4.0.0/
DisGeNET-RDF-Example.jl		(Turtle)	

RDF	data	model		



DisGeNET:	the	data	model	
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•  R	package	

•  To	interrogate	DisGeNET	data	

•  To	cross	DisGeNET	data	with	other	resources	

•  To	visualize	the	results	within	the	powerful	R	framework	

•  To	engage	with	the	R/Bioconductor	community		

•  Launched	within	the	release	of	DisGeNET	v4.0	(April,	2016)	



hnp://www.disgenet.org/	
support@disgenet.org	
twiner:	@DisGeNET	
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