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5 % Linked Open Data

Tim Berners-Lee

To give a unique ID to every object -> URI

Use common ontologies for describing LD - Linked Data

objects
- - - - URI - Universal NAANAA
Dgﬂne relationships between objects > Resource ldentifier EETEETNT
Linked Data l/ '&p N\
OF - Open Format OL ——— ?‘E%
RE - Readable ML( o i o-RDF
& Editable : m
- ¢ ‘ Resource
OL - Open License | 299 Description
j CS\ Framework
|I}" { ‘ e |
— (o] Ror -0

http://5stardata.info/en/
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Ontology
RDF

Highly heterogeneous databases Databases integration for seamless

using their own terms and formats access and knowledge mining

. RDF: Resource Description Framework ~— itera)

. Triples consisting of Subject, Predicate and Object @.@
Subject: ID (URI) for an object . .
Predicate: Attribute (URI) defined by an ontology CURC
Object: ID (URI) or value (literal) for another object

D ‘
@ — @
CORD

<URI>  <URI> <URI>/literal CURID

(9]
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NBDC RDF Portal

Portal site for RDF data from
research groups in Japan

20 data sets including nine from
NBDC funded databases comprising
45 billion triples (as of Nov. 2017)

Microbial genomes, protein 3D
structures, glycan structures, ---

RDF file download, SPARQL endpoints,

iati http://integbio.jp/rdf/
Statistics, Metadata, Network of Databases

Two important topics

RDFyzing database guideline
http://wiki.lifesciencedb.jp/mw/BH14.14/RDFizingDatabaseGuidelineEnglishDraftO. 1

BioHackathons and SPARQLthons
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http://integbio.jp/rdf/

SPARQLthon
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. Two days hackathon held every month
from 2012 October.

. Theme: Life science database
Integration by semantic web
technologies.

. >60 times in total and 1,328 (138
unique) participants from 45 institutes
(15 universities, 13 research institutes,
17 private companies).

- From 2014, researchers from
integrated database project funded by
NBDC have attended and collaborated
for creating RDF data and ontologies.
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Biohackathon

- International hackathon hosted by DBCLS/NBDC once a
year in Japan from 2008

. Discuss and develop up-to-date technologies and systems

for database integration and its applications

. One week intense development by international

collaboration

. Summary papers have been published

. FAIR principle paper acknowledges biohackathon




Currently Available RDF Data

Type RDF Data Set Type RDF Data Set
Gene DDBJ Ortholog MBGD, PGDBj Orthology
Genome Ensembl Protein interaction IntAct, Instruct, HINT
Metagenome MicrobeDB.jp Pathway REACTOME, WikiPathway
Epigenome KERO, ChlIP-Atlas, IMETHYL Systems biology BioModels, SSBD
Genome variation Linked ICGC, ClinVar, ExXAC Bioassay ChEMBL, PubChem
Protein UniProt Disease PAConto, GGDonto, DisGeNet, ClinVar,
MedGen
Protein structure wwPDB, BMRB, FAMSBASE Dictionary MeSH, Allie, LSD
Glycan GlyTouCan, GlycoEpitope, Transcriptome ExpressionAtlas, RefEx, KERO, Open
WURCS TG-GATEs
Chemical PubChem, Nikkaji Proteome neXtProt, The Human Protein Atlas,
compound jJPOSTdb
Meta data Quanto, integbio DB catalog, Metabolome MassBank, metabolonote
Colil, First Authors
Sample BioSamples, JCM Ontology BioProtal, OLS

Red: RDF Portal. Blue: On-going
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Database Center
for Life Science

% DBCLS
~

Tools for RDFyzing Data

TogoDB

Converting table
data to RDB / RDF

2RQ Mapper

Converting RDB to
RDF

TogoDB

*

C' [} togodb.org

TogoDB

DBCLS TogoDB database hosting service

Database Center for Life Science (DBCLS) hosts your database as a public scientific archive.

What is TogoDB?
2 Teble
TogoDB presents a simple and quality database service. User can deploy a database within a few minutes. 11111
Nowr
Quick start e
TogoDB simply accepts tabular formatted data which can be easily exported from standard spreadsheet applications. only in
1. D (or use ‘guest’ account for trial) winwres!
2. Log DB system
3. Upload your CSV data and follow the instruction (sample file) .
4. Customize columns and views (if needed) Semareic Web
5. Make it public or privately invite your colleagues to complete your DB \ ROF

That's it! See the tutorial (IS English, ® Jaj

) for more details. l R :
Features

{HTMLS> Linked Bata
In contrast to its simplicity, TogoDB comes with remarkable features which many life science databases often lack: ZaY

Highly customizable options including HTML/CSS/JavaScript codes
All databases can be released as CSV, JSON and RDF (XML, Turtle) files with semantic annatatinns
Built-in advanced search engine including numerical ranges and regular expres

Database records are shown by default without requiring users to seek for app .
QuickLook-like interface offers ultrafast browsing experience thoroughout larg r
You can also embed your database into any web page via JSONP API - -

D2RQ Mapper
OQ% 4

Create account

http://d2rqg.dbcls.jp/
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Middleware: Accessing SPARQL EPs
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| (LD GENOME

‘ 282459 Staphylococcus aureus subsp. aureus MSSA476

Genome size Number of genes OrganismGC  Cell sha pe Growth pH Pathogenicity
|
. 2852 accp
| tR 59 ) ‘S
STANZA 2.8 19 32. %ﬂ /\;l;j\
3 ... staphylococcus
aaaaaaaaaaa
Organism name
Scientific name Staphylo p SS.

TogoStanza: generic web framework for reusable web

components
SPARQList: APl for accessing SPARQL endpoints

SPARQL support, SPARQL builder: web interface to
support building SPARQL queries

YummyData: listing and monitoring SPARQL endpoints

13
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YummyData: Information for SPARQL endpoint

yasty!

« YummyData for %
endpoint
Information

e ™ake o

YummyData
SEHT—4
DASHBOARD
ABOUT
RANKED ENDPOINTS
ENDPOINT SEARCH
LINK GRAPH
FORUM
CONTACT US

TERMS AND CONDITIONS

 YummyViewer for
visualization of

F—9ty FATONT ¢
7anF1%

< ruTnOm

hasMemberOf 473297776 v/
. =
C | a S S re | a tl O n S h I S - .
:publishedin 77934366
:appearsin J4965034 v/
inResearchAreaOf  «4038962 v/
‘cooccursWith 4053275 v/
‘hasShortFormOf ~ «73035475 v/
hasLongFormOf 3034091 v
‘hasLongFormRepres _,
3 «$1930466 Vv
entationOf
hasShortFormRepre
41930459 v/
sentationOf
‘contains «$1930459 v
skos:exactMatch 1109374
terms:created <1159
terms:modified <nss

Days of data collection
541

1 days without data

Scor

SPARQL Score

Rank A

Pair > EachPair

\

No. of endpoints

85

Unch. from last week

Rank C

EachPair
3034978

~ — () BRUTWBYSREERBEET BRI TN

~  BRUTWBISANEETHD

) > (

 amETsIrUTL

Active endpoints today
59

from yesterday

Rank D

BREDI SR

EachPair

rdfs:label
— EachPair

rdfs:subClassOf
BEE33752
ZOIFRAEXEETBINITN

arsin> <P

-cooccursWith> <

hasLongFormOf>
hasShortFormOf> <

inResearchAreaOf>
ZOIVSAEENEETINITIL
<hasMemberOf> <

Alive rate

69 %

from last week

Rank E

Data entries
24 G

from yesterday

Data for the day o Go

SPARQL score:
what it is ?

SPARQL Sc

14



Database Integration @ DBCLS
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Applications

@
\ Stanza Apps

r

and more..

SPARQL-
proxy

SPARQL- Yl SPARQL- Wl SPARQL- SPARQL-
proxy proxy proxy proxy
\JBDC \)BDC
(R)DF 4 d
@ortal @ortal
NBDC RDF Portal EdgeStore RDF mirror

LWJBDC
@ortal

SPARQLlst API
SPARQL-
proxy

NBDC RDF Data Core

SPARQL-
proxy

<

Application Development

Database Development

Middleware Development
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Application: TogoGenome
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. Genome database based on

semantic web technology.

- Unigque: implemented only by
RDF data stores.

- >10,000 species including 360
eukaryotes.

- > 1 billion triples

- Genes and genomes,
environmental and growth

conditions, links to other DBs

GO: BiologicalProcess »

GO: MolecularFunction »

GO: CellularComponent »

Q cellular nitrogen compound metabolic process
Al @

Q metal ion binding
All

Q cytoplasm
All @

» | Q Nostocales

Al @
Phenotyp Q Motil
All
Environmen t Q fresh
All
Gene Organism Phenotype Environment
v ds
Showing 1 to 25 of 28,075,370 entries 25 v] records per page
123 45 X, X»)
O Download CSV
Gene UniProt D pt G tology Organism
1063:APX01_RSO0OOSS ... Rhodobacter
sssssssssss
1063:APX01_RS00060 Rhodobacter

Variation data

16
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Application: Easy access to omics data

DBCLS SRA AOE(All Of gene Expression)

Yellow pages for Sequence Read Archive(SRA)  Graph shortcut for gene expression data

[ http://SRA.dbcls.jp/ ] http://AOE.dbcls.jp/

| 1. Exhaustive, but functional index for public raw data repository |

\Next generation rea microarray

Samples(BioSample) 722 (GeneChip, Oligoarray)

Studies(BioProject) -
Capillary reads ChlPeg Public

Annotated sequences gene expression DB @
Refseq
INSDC Refseq) >4

4. Sequence analysis tools 2. Curated dataset for functional analysis I
for nucleotides

— Reference transcriptome data

ghttp://ggrna.dbcls.jp/ 49. ghttp:// RefEx.dbcls.jp/

g htth//gggenome.dbcls.jp/ — Cu ratior.1 and.visualization of public ChIP-seq data
RAREFRR st socncs s M http://chip-atlas.org/ . %ﬁ’%
GGRNA GGGenome

KYUSHU UNIVERSITY

@ Licensed under CC-BY 4.0 22016 HIDEMASA BONO(DBCLS) 17
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Application: Natural language Q&A

Database Center
for Life Science

START
LO D QA @qald-biomed
Natural Language Query ©
what genes are associated with alzheimer disease? Graph

Graph Editor ©

+ |to be connected as chain '® or star

.
‘ genes +
\_/ alzheimer
disease
Term Finder ©
f nodes Q ‘E term
genes Q @ Y http:/lwww4.wiwiss.fu-berlin.de/diseasor
alzheimer disei | Q || @ < http://www4.wiwiss.fu-berlin.de/diseasor
Graph Finder

Begin Search
L

spargl answer
SELECT 7itl ?stl1 ?p01 WHERE {?itl ?stl <http:/www4.wiwiss.fu-
berlin.de/diseasome/resource/diseasome/genes> . ?it1 ?p01 <http://www4.wiwiss.fu-
berlin.de/diseasome/resource/diseases/74> . FILTER (isIRI(?it1)) FILTER (str(?p01) NOT IN
("http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type", "http://www.w3.0rg/2000/01/rdf-
schema#subClassOf")) FILTER (str(?st1) IN ("http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type",
"http://www.w3.0rg/2000/01/rdf-schema#subClassOf"))} LIMIT 10
sparql answer
A2M
ACE
SELECT ?itl ?stl ?p01 WHERE {?it1 ?st1 <http://www4.wiwiss.fu- APBB2
berlin.de/diseasome/resource/diseasome/genes> . <http://www4.wiwiss.fu- APOE
berlin.de/diseasome/resource/diseases/74> ?p01 ?itl . FILTER (isIRI(?it1)) FILTER (str(?p01) NOT APP
IN ("http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type", "http://www.w3.0rg/2000/01/rdf- BLMH
schema#subClassOf")) FILTER (str(?st1) IN ("http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type", MPO
"http://www.w3.0rg/2000/01/rdf-schema#subClassOf"))} LIMIT 10 NOS3
PAXIP1
PLAU

| Show solutions in table
http:// www4.wiwiss.fu-berlin.de/diseasome/resource/genes/APOE

http://lodga.org,



http://lodqa.org)/

Summary
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Database integration via semantic web technology
RDF, Linked Open Data
RDF Portal and converting tools

Tools to utilize integrated database
http://dbcls.jp/services

Community for the development and utilization
Biohackathon
SPARQLthon

Lecture series, TogoTV for lecture videos

19
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