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DisGeNET ECCB 2016 Tutorial

* How can DisGeNET help in your research?
* Overview of the DisGeNET Platform
* Hands-on Tutorial

* Web interface

* DisGeNET Cytoscape app

* DisGeNET RDF and SPARQL endpoint

* disgenet2r R package



Research questions

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 genetic 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

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

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

Only one or few may be causative



|dentification of true pathogenic variants among
all the variation is still a major challenge



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




DATA SILOS



What is the genetic basis of Wilson Disease?

ICD+

#277900 MIM
WILSON DISEASE Online :\'Irnd(vl)iml Inheritance in Man

Alternative titles; symbols
WND; WD
HEPATOLENTICULAR DEGENERATION

Phenotype-Gene Relationships

Location Phenotype Phenotype Inheritance Phenotype Gene/Locus Gene/Locus
MIM number (npoxessy  mapping key MIM number

13q143 Wilson disease 277900 AR 3 ATP7B 606882

Clinical Synopsis

TEXT

A number sign (#) is used with this entry because Wilson disease is caused by homozygous or compound heterozygous mutation in
the ATP7B gene (606882) on chromosome 13q14.

Description
Wilson disease is an autosomal recessive disorder characterized by dramatic build-up of intracellular hepatic copper with
subsequent hepatic and neurologic abnormalities.

De Bie et al. (2007) provided a detailed review of the molecular pathogenesis of Wilson disease. *

Clinical Features

In Wilson disease, the basal ganglia and liver undergo changes that express themselves in neurologic manifestations and signs of
cirrhosis, respectively. A disturbance in copper metabolism is somehow involved in the mechanism. Low ceruloplasmin (117700) is
found in the serum. Shokeir and Shreffler (1969) advanced the hypothesis that ceruloplasmin functions in enzymatic transfer of
copper to copper-containing enzymes such as cytochrome oxidase. Supporting the hypothesis was the finding of markedly reduced

levels of activity of cytochrome oxidase in Wilson disease and moderate reductions in heterozygotes. *




What is the genetic basis of Wilson Disease?

#277500 OMIM
WILSON DISEASE Online Mexactien laherizance o Mea Home Search Analyze Download

© Hepatolenticular Degeneration

‘/Chemiculq Genes /Compsw(Puﬂmnys\

|
fk ATP7B )
I--JLAR DEGENERATION ‘

Phenotype-Gene Relationships
Location Phenotype Phenotype Inheritance Phenotype Gene/Locus Gene/Loct

Comparative Toxicogenomics Database

Albornnating titloc- cinbols

- Direct Evidence~

MIM number (inprogress)  mapping key MIM num .
13q14.3  Wilson disease 277900 AR 3 ATP7B 606882 G Degeneration ]
2 Degenerd Genes related to Wilson Disease
el Degenere
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iati L Degenere i * Descripti
\Zao';::;:: Gene(s) Condition(s) g ’ i SymEe ription
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Information on genetic basis of diseases

Large
Volume

Need for resources that gather, integrate and
standardize information on the genetic basis of diseases

Different
Standards




DlaGeNE . .o“

v' Knowledge platform on human diseases and their genes

v’ Covers all disease therapeutic areas

v’ Integrates information from expert-curated resources and from
the literature

v’ Focus on gene-disease association (GDA) and its supporting
evidence

v’ Standardization of the information and provenance



DisGeNET: the implementation

10001001001
III 0101010010101
10010001010

U.S. National Library of Medicine

&,‘, Biomedical databases
Te)(t mining Bio-Entity Finder and Relation Extraction
http://ibi.imim.es/befree/

Gene-disease associations Gene-disease associations

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



DisGeNET: data sources

4 )

GWAs catalog

OrphaNet

UniProt

Clinvar

4 N

\_ Curated Y,

\_ Predicted Y

\_ Literature )

DisGeNET v4.0



DisGeNET: statistics (version 4.0)

Curated 7,362 7,607 32,834
Predicted 2,743 2,064 10,264
Literature 16,141 11,447 >94%
All 17,381 15,093 429,036

Last update: June 2016



What is Text Mining?
Scientific literature Information retrieval Literature subset
e.g. all publications
containing gene information k\

)

>

Information extraction
e.g. gene profiles

Text mining unlocks
information by

Knowledge discovery

automatically
i Extracted facts
extracti Ng data from e.g. gene A—profile A e.g. gene functional
gene B—profile B relations
free-text resources gene C—profile C » Hypotheses
Building . ~ e.g.gene Aand
knowledge bases s, : gelne Iqunctlonally
e.g. PharmGKB Data « A relate "
integration % °, :'
‘* "’ ‘o'

>
.** Evaluation

-
-
(-------‘

Integrated data
e.g. gene profiles and functionally

related genes in databases

Nature Reviews | Genetics
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BioNER module

Entity mention and
normalization

Fuzzy and pattern matching
methods + dictionaries
Disease and genes

Handles ambiguities between
entities

Relation Extraction module

Based on SVM
Combines Shallow Linguistic

Kernel (K,,) with Dependency
Kernel (K,zp)

Exploits shallow and deep
syntactic information




Gene-disease association identification with BeFree

GENE DISEASE
CANDIDATE CANDIDATE

Of the 16 genes tested, EHD3 and FREM3 were associated with MDD in the Chinese population.

Gene ID: 30845 Disease ID: C1269683
EH-domain containing 3 Major depressive disorder

nsubjpass prep with

LCS

Gene-disease association types according to the DisGeNET ontology



Genes: 1,220

Genes:16
Diseases: 91
GDAs: 5,980

Genes: 2,414

Diseases: 1,393

GDAs: 1,380

Diseases: 3,14
GDAs: 18,363

CTD huma

Genes: 4230
Diseases: 2,1
GDAs: 21,718

12

CLINVAR

Genes:115
Diseases:791
GDAs: 1,590

LITERP

UNIPROT

Genes: 38
Diseases:231
GDAs: 309

Genes: 224
Diseases: 7
GDAs: 2

ORPHANET

GWAS CAT

Genes:112
Diseases: 393
GDAs: 1,677

Genes:1009
Diseases: 103
GDAs: 2,769

Genes: 7,694
Diseases: 7,229
GDAs: 388,086

—

&

GAD

M. musculus
Genes: 957
Diseases:1,236
GDAs: 2,001

Genes: 474
Diseases: 117
GDAs: 31

R. Norvergicus

Genes: 1,312

Diseases: 711
GDAs: 8,232

Genes: 1,579
Diseases: 477
GDAs: 35,715

BeFree

Genes: 5,296
Diseases: 8,214
GDAs: 318,267

Genes:4,110
Diseases:1,178
GDAs:6,308

LHGDN

Genes: 100
Diseases: 64
GDAs:12,198

18



STANDARDS



genotype

Large in scale and growing rapidly
(NGS)

Large studies on genetics of
disease available

HGVS standard for sequence
variation nomenclature
Standards for data exchange
UniProt, NCBI, Ensembl

VarioML, VariO

phenotype

Phenotype data spans a wide spectrum
of possible observations about an
individual

More difficult to capture and to
standardize

Human Phenotype Ontology, Disease
Ontology

Broad phenotype categories used in
many studies



Standards in DisGeNET

Gene, protein, SNPs * Diseases and phenotypes

Official Gene symbol * UMLS CUIs

NCBI Gene Id * UMLS semantic types

Uniprot accession * Disease Ontology

dbSNP identifier for * Mappings to a variety of

variants phenotype vocabularies
and ontologies

DisGeNET association type ontology




DisGeNET association type ontology

Association

is-a

A S10_ 000897

Gene Disease
Association

is-a AS10_0

00983

[ Therapeutic ] [ Biomarker

S10_001120

is-a ASIO 001121

Genomic
Alterations

Altered ]

Chromosomal
Rearrangement

Expression
-
is.a A SI0_001350 S10_001123
Genetic
Variation
is-a AS10_001122 SI10_ 001348

S10_001349

|
[ Susceptibility

Mutation

S10_001343

Causal
Mutation

is-a f S10_001119

[

Post-translational
Modification

)

S10_001124

Modifying
Mutation

is-a *90_001342

I

[s

omatic Causal
Mutation

Germline Causal
Mutation

Somatic Modifying
Mutation

Germline Modifying

Mutation ]

SI0_001345

http://sio.semanticscience.org

S10_001344

S10_001346

S10_001347



Coverage of disease vocabularies and ontologies in DisGeNET

_UMLS | MeSH | oMM | NCit | DO | ORDO | IcDICM | _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
Inflammation
Seizures
Pain
Overweight

* Diseases
Breast carcinoma
Diabetes Mellitus

* Disease class
Cardiovascular Diseases
Autoimmune Diseases

Neurodegenerative Diseases



Signs, symptoms and diseases in DisGeNET

Number of Number of Number of
concepts | associated genes associated SNPs
Disease 13,674 17,005 44,467

Disease class 55 5,739 992
Phenotype 1,364 9,332 2,894



DATA PRIORITIZATION



% of diseases

60

401

207

Aase Smith syndrome 2
ABCD syndrome

Abruzzo Erickson syndrome
Acatalasemia Japanese type
Achromatopsia 2

Acidosis
Acne Inversa, Familial, 2

Abdominal aortic atherosclerosis
Abidi X-linked mental retardation syndrome

Acid cholesteryl ester hydrolase deficiency...

RPRRERRERRERRE R

Aarskog syndrome

Aase Smith syndrome 2
Aase syndrome

ABCD syndrome

Abdominal Pain
Abetalipoproteinemia
Abruzzo Erickson syndrome
Acatalasia
Achondrogenesis type 1A
Achondrogenesis type 2

RFRRERERERRR e

source
B CURATED
ALL

Prostatic Neoplasms
IGA Glomerulonephritis
Mammary Neoplasms

Obesity

Peripheral Neuropathy
Stomach Neoplasms

Schizophrenia
Autistic Disorder

Colorectal Neoplasms

Liver carcinoma

485
450
433
298
293
284
280
254
232
222

Malignant neoplasm of breast 4525

Breast Carcinoma 4274
Carcinogenesis 3723
Neoplasm Metastasis 3428
Liver carcinoma 3091
Tobacco Use Disorder 3062
Malignant neoplasm of prostate 2930
Prostate carcinoma 2734
Colorectal Cancer 2636
Colorectal Carcinoma 2541

10

Number of associated genes

500 5000




DisGeNET gene-disease association score

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

DisGeNET score =S¢z arep + Sprepicrep + SuireraTure




0.75 -

0.25 -

0.00 -

319
|
1 (Tag
®
o 2745
: |
1 9259
2
378974 36179
1 2 3 4 5 6

number of sources




Disease Specificity Index (DSlI)

v’ Indicates how specific is a gene with respect to diseases

v’ Is inversely proportional to the number of diseases associated to
a particular gene (ranges from 0 to 1).

v 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)

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



Number

ATP7/B
ANXAS5
PRNP
CP

LOX
LOXL2
APOE
TNF

IL6
NDUFB7

of DisGeNET
diseases SEOLE

57 0,819 0,596 234 99
129 0,2 0,505 1 0
205 0,128 0,468 4 1
114 0,126 0,532 26 0
141 0,123 0,498 2 0
48 0,123 0,610 1 0
729 0,122 0,333 2 0
1524 0,120 0,247 2 0
1260 0,120 0,268 2 0
1 0,120 1 1 0



Top scored genes for Major Depressive Disorder

Number

DisGeNET Number of | Number of

of
diseases SEOLE

SLC6A4 374 0,236 0,411 157 5
TPH2 89 0,211 0,548 26

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 1
GRM7 32 0,123 0,666 1
GNAI3 7 0,122 0,812 1



FLEXIBLE DATA ACCESS
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j

Examples: rs28933385, rs121909213, 20:4699525-46995

rs121909211

SNP Identifier 15121909211

ariant

eeeeeee
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DisGeNET ECCB 2016 Tutorial

* How can DisGeNET help in your research?
* Overview of the DisGeNET Platform
* Hands-on Tutorial
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DisGeNET Cytoscape app

* Network representation of gene-disease associations and

projections

* Downstream analysis with a variety of network analysis and
annotation tools available in Cytoscape

ABAB-EGLN2
| ANXAIL
| PSORS1(2 Diabetes
: 5 Mellitus,
\ | éxcs | MIkQQyTRZA Insulin-Dependent
N\ | J / HLA-£— -
\ \ [ ~{copp \TNF | INOS3|
AN
AN » Diabetes
o« : Mellitus,
| Non-insulin=Dependent
"’"“ dyp1Al ST

(rUC(IVE

isease P Diabétes )
Vo 2= — es
/ HMO)f‘k — —— Mellitus,

—ExXperimental
. d
Nos2 : | qQYP1A2
TPS3 TGFB1



DisGeNET ECCB 2016 Tutorial

* How can DisGeNET help in your research?
* Overview of the DisGeNET Platform
* Hands-on Tutorial
* Web interface
* DisGeNET Cytoscape app
 DisGeNET RDF and SPARQL endpoint

* disgenet2r R package



DisGeNET as Linked Open Data

On the web e
Machine-readablé )
Non-proprietary

RDF standards

Linked RDF

YYOUR pATA 571



DisGeNET as Linked Open Data

v' What are the perturbed pathways in Lafora disease?

v' What proteins associated with Aarskog syndrome are

potential drug targets?

v" Which genes differentially expressed in beta cells are

associated to Pancreatic cancer?



DisGeNET as Linked Open Data

* RDF and nanopublications *Metadata description ( HCLS)
* URIs: RDF providers or ; *Interlinking
. SI0 *BlO=2RDF

« Use of standards (11 ontologies in NCBO) * & linked life data

O BioPortal *Access

*Download Data Dump
*SPARQL Endpoint
*Faceted Browser

° 4).Open PHACTS

Discovery Platform

* Nanopublication Network
edisgenet2R
* Open license
*FAIR (ELIXIR and NIH)
*Datahub
B *Software
SISASES NN D2RQ

e http://lod-cloud.net/; Aug 2014 Virtuoso e OPENLINK

. SOFTWARE
Universal Server  suingtechnotogy Work for You®




Semantic Web - Linked Data
Based on W3C standards

RDF: Resource Description Framework
Captures logical structure of the data
Graph representation

SPARQL: RDF query language




Usual Web vs Semantic Web

Website

Dataset

Page/URL

Resource/URI

document, textual

Formal description

HTML: presentation

RDF: semantic

Human readable

Machine readable



SPARQL Query Structure

# prefix declarations

PREFIX foaf:<http://xmins.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 ...

DisGeNET - Tutorial IBI SEMINAR - 17 — 05 - 2016 44



A statement in a publication

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

In RDF, a statement is a triple

Predicate

Subject Object

Gene associated Disease

N
Cdd

S P (0




A statement in a publication

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

In RDF, a statement is a triple

http://identifiers.org/hgnc.symbol/RB1
http://linkedlifedata.com/resource/umls/id/C0699885

RB1 Carcinoma of bladder

b
7

AlteredExpression

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



Data Model

e How to describe an association?

Gene associated Disease

N
Ll

S P 0

a) As a property

b) As a class .. )
) Gene Association Disease

O—0 -0

O P S P O



Data Model

e How to describe an association?

a) As a property

Gene associated Disease

N
Ll

S P 0O

4 b) As a class

Gene Association Disease

O—0 -0

O P S P O

~

/




Data Model

e How to describe an association?

RDF triples

4

[ Provenance and Evidence }

4 b) As a class

Gene Assocjation Disease

o 00

O P S PO

~

/




Data Model

* Ontology-based integration

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

Association

is-a

A S10_000897

-

e Shared IDs
* Standard ontologies

P Di
Association

/ DisGeNET Association

\_

Type Ontology

is-a A SI0_000983

~

Therapeutic [ Biomarker
S10_001120 is-a ASIO 001121
Genomic Altered Post-translational
Alterations Expression Modification
S10_001123 S10_001124

is-aA 510_001350

rdf:type

,T\

/

Gene Association Disease

* DisGeNET Standards ‘<_ ‘ — '

O P S P O



RDF data model

Namespaces: Common description properties for the main concepts: Note: Main concepts are highlighted by bold frames. Some properties have been omitted
from the graph model representation for the sake of clarity.
: <http:/irdf.disgenet.org/v2.1.0/vold. >

<http:/iwww.w3.0rg/2000/01/rdf-schemat> rdftapel

<http:/ipurl.org/delterms/>

<http:/iwww.w3.0rg/2004/02/skoslcore#>

<http:/iwww.w3.0rg/2001/XMLSchemait>
nci.nih.

properties.

for concepts:
e |

owl#>

<http://semanticsclence.org/resource/>
giwpi>

<http:/ipurl.uniprot.or Ew—@
<http:/ixmins.comifoaf/0.1/> pr—
<http:/irdfs.org/nsivoid#> pre———— m
<http/lpurl.orgldc/dcmitypel> |
<http:/iwww.w3.org/ns/dcat#>

<http/lpurl.orglpavi2.0f>

<http:/lwww.w3.og/ns/prov#>

<http:/ipurl.obolibrary.orglobol>

/
/'m

pavimpontedGn

DisGeNET-RDF-Example.ttl (Turtle) L om0 ]

sio’has source’
(si0:510_000253)
(oo 4

http://rdf.disgenet.org/download/4.0.0/ E =

provawasGenerat

2
10_000001)

slohas measurement value'
(si0:810_000216)

sio-has value'
(5i0S10_000300)
up:organism

siohas value®
/- rosio-o0mm)

"has measurement vakie'
(5i0:510_000216) skos exactMatch

sioraters to'
(s0:510_000628)

Tio encodes’
(si0:S10_010078)

sio‘has phenotype’ skosexactMatch siofis represented by
(5i0:S10_001279) (5i0:510_000205)

T

siois about
(si0:510_000332)

E

sioNas atrbu
siois member of (si0:SI0_000008)
(50:510_000095)

siois participant in’
(5i0:SI0_000062)

sio'is member of
NsisDofinedBy . (i0:510_000095)

rdts-isDefinedBy rdfs:subClassOf . rifsisDefinadBy

-- e - -

S |




DisGeNE

T: the data model

[ Source

SNPs [ Article

) [ semtence

Association Type

{

! I

i

]

Gene-Disease
Association

MeSH
OMIM ]4_ L l Disease
> Pleiotropy Index
DO Dlsease_, Dl_sorder Gene
or Finding -
Disease
HPO > Specificity Index
ICD9-CM
DisGeNET MeSH UMLS .
Disease Type ] Disease Class ] [ Semantic Type Gene Name Gene Symbol Protein

[ Panther Class

[ Pathway
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* How can DisGeNET help in your research?
* Overview of the DisGeNET Platform
* Hands-on Tutorial

* Web interface

* DisGeNET Cytoscape app

* DisGeNET RDF and SPARQL endpoint

* disgenet2r R package



disgenet2

* R package

* Tointerrogate 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)



DlsGeNE . .o"

http://www.disgenet.org/
support@disgenet.org
twitter: @DisGeNET
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