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From molecules to medicine
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We are always seeking new ways to read
and understand DNA

New technologies provide ways to collect,
compare and visualize molecular
information

Bioinformatics enables new applications:
* molecular medicine

 agriculture
- food

* environmental sciences



Data resources at EMBL-EBI

Genes, genomes & variation Gene, protein & metabolite expression
+  Ensembl * Expression Atlas

*  Ensembl Genomes *  Metabolights

*  GWAS Catalog - PRIDE

Metagenomics portal *  RNA Central

Protein sequences,

families & motifs Molecular structures
y, e InterPro * Protein Data Bank in Europe
“m% *  Pfam + Electron Microscopy Data Bank
‘N + UniProt

. : Systems
Literature & ontologies Chemical biology -~ BioModels
Experimental Factor -  ChEBI *  BioSamples
gg;oéogﬁtolo +  ChEMBL «  Enzyme Portal
gy +  SureChEMBL * IntAct

BloStudies

Lirann

* Reactome

Molecular Archives

+ European Nucleotide Archive

* European Variation Archive

+  European Genome-phenome Archive
* ArrayExpress
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Database interactions
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FAIR data

Ejable/ \Ccessible nteroperable
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Big data, big demand

S Scientists at over
~27 million 3.2 million

requests to EMBL-EBI websites unique IP addresses use

every day EMBL-EBI websites

EMBL-EBI delivered

152 million 120 petabytes

jobs to its users in 2016 of storage capacity in our data centres
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Generic vs structured/specific data
archives

Data submission

Use this data submission wizard to find the right archive for your data in a few simple steps.

o What type of data do you have?

S e S blo‘ogy
Multi-omics or other cross-domain study

Why submit data to an archive?

Submission of primary data and derived information to public data repositories is an essential step in the scientific process. Through submission,
the scientific community is fed the raw materials for the building and maintenance of the complete and up-to-date data sets that support searches
and analysis on the latest sequences, structures and molecular profiles of living systems. Serving as a complement to the literature publication
process and supporting early data sharing, the EBI offers a number of submission services appropriate for different types and scales of data.

i figshare

& BioStudies.
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Biological metadata — critical
to scientific reuse

deep search o

analysis FT
computation FT
FT
FT
FT
FT
FT
FT
FT
FT
FT

Specific: organism, tissue, phenotype, location, process ...

source

mRNA

exon

CcDs

1..315242

forganism="Homo sapiens”

fmel type="genomiec DNA"

fdb_xref="taxon:9606"
join({133806..133969,145842..146028,151911..152061,
162216..162363,162790..162956,164592..164729,
167866..167999,178281..178360,183171..183244,
190181..191728)

fgene="RHED"

133806..133969

fgene="RHED"

fnumber=1
join{133822..133969,145842..146028,151911..152061,

& BioStudies.=

Cltatlon

basic seaiz

Gen erl'lC. title, submitters, date, file format, versi(ifigshare | €

Wagner F.F., 23-APR-2002, TPA: Homo sapiens SMP1
RHD gene and RHCE gene, INSDC, 14-NOV-2006
89, Last updated, Version 7). BNOO0065
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Persistent Identifiers in the
Life Sciences

 Accession numbers

» heterogeneous, recognizable, community accepted
« 4XNR, 9606, JF803844, ENSG00000139618, P13569

 DOIs

» Journals and generic data resources (FigShare, Dryad,
Zenodo)

* QOccasional use for high-level datasets as 2- PID

@ ORCID
- ORCIDs

* 4.5M articles, 0.5M publlshed authors in Europe PMC
» Application to submitted datasets

T Europe PMC



Data collections and identifiers in life

sclences
 Actionable identifiers embedded in URLS

https://www.ebi.ac.uk/pdbe/entry/pdb/2gc4
http://www.wormbase.org/db/gene/gene?name=\WBGene00000001;class=Gene

http://www.ebi.ac.uk/ena/data/view/Taxon:9606

« The same data collection is often provided by
many alternative physical locations

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=9606

http://www.ebi.ac.uk/ena/data/view/Taxon:9606

q% Europe PMC



Challenges

* Multiple URLs for the same collection make object
unification challenging

 Which resource should be used for annotation or
citation

* A given location may be down, or change its URL,
resulting in dead links

T Europe PMC



ldentifiers.org

* |ldentifiers.org system provides unigque stable,
resolvable and location-independent URIs to
identify and locate life science data

* Promotes Findable, Accessible, Interoperable and
Re-usable (FAIR) data

« Over 10 years supporting data integration
« Community driven
* Free to use

% Europe PMC http://identifiers.org



Compact Identifiers

A unique prefix indicating the assigning authority

A locally assigned database identifier sometimes called
an accession

An additional provider level prefix (provider _code) to
identify individual hosts

prefix:accession

provider
code/prefix:accession

® Europe PMC



r’. Europe PMC

* Since 2007

e (UKPMC)

{2ge ) « 30+ million
] m‘;;xt i documents of
g 2. A which 4 million full
S, text, >25 million

PubMed abstracts

« Enrichments:
ORCIDs, citations,
named entities,
DOls, data links

» Website, web
« A PMCI partner: PMC & PMC Canada services. FTP

Ll DOWNLOAD PROGER AT NEESS
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Content in Europe PMC

* Europe PMC is a partner in PubMed Central International.
« Content is freely shared between the nodes

Access more content Single search interface

Pu bmed P Mc " Europe PMC

Patents
NHS
4.2 million guidelines Abstract Abstract
799
Full text
Abstracts Full text
32 million, 27
million from PubMed

Agricola Full text
records articles

Q@ {_+APIs
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Extracting information from semi-
structured data (reading)

Knowledge discovery

Datasetlist\ : | 7 Cross-ref. @ %GATC

Cross-ref.
f — Ref. to external
= resources Feadback Information
retrieval
Figure — <« Reference list
caption/graphic
\. J/ b
Fig. source data: Data/institutional repositories; Annotations OA content

file, URL|DOI author database:

Supp. info tables/data: file|structured record
file, URL| DOI URL | DOI|API+Accession

Text mining
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Data “citation” in Europe PMC

<10% articles mention data identifiers ~30% articles have supplemental data

Articles that contain data identifiers

%
32

DOls
a1 Articles in Europe PMC with supplemental data 8
30
29
28
27
26
25
24 .
)3 743,084 articles
2

21

20

2008 2009 2010 2011 2012 2013 2014 2015 2016

mgen =pdb =refsnp =clinicaltrials =refseq =omim w=sprot mgo =doi =other =rrid
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Annotations on papers

JaL

The crystal structure of human ACE (Protein Data Bank [PDB]: 1086) was used for this study. The Abstract | |Full Text® PDE
cocrystallized ligand of the protein (ie, lisinopril) was extracte, N : B —x —
removed to “clean” the protein for further analysis. The analy . rticle text @
program within Discovery Studio 2.5 (Accelrys, San Diego, CA, Accession Numbers
efficiently accommodated in the deep cleft of the protein cavi 1086

n Numbers (1 of 1)

contacts through the formation of H-bonds with Glu162, His3l = pps | Q Search Articles Feedback v Is (157)
the compound was found to be buried inside the major cleftd nnotation source: europe pMc 5(21)
catalytic residues (ie, Tyr523, Tyr520, Glu152, Asp453, Val380 ’\tology(17)
His387, and Glu384). Moreover, the aromatic fragment of the broteins
oriented toward the aromatic residues of the active site (TyrS h’s @1)
main determinant of its stabilization in the active site. Compa
lisinopril against tACE revealed a high degree of resemblance
have a similar mechanism of action.

Figure 4
Docking study of compound 4j in the active S

Vasodilator activity Animals have long been used to underst
cardiovascular research, animal models
in the early stages, as well as mechanisms of therapeutic inte
Langendorff technique to generate a hypoxic-ischemic injury
the ease with which arterial and venous perfusion samples ¢
monitoring of such parameters as arteriovenous differences
metabolite clearance, and enzyme leakage. Moreover, biopsi
morphologic studies, or the whole heart can be used. The La JSmol
maintained for many hours, with minimal cardiac output and

1ay] jaaeq saq brug

Among the designed analogs, those compounds showing mo TUOTT(TE;
4i, 4j, 4k, and 4l) were further selected for determination of their vasodilator activity. For this, an in vitro

experiment was conducted using 10 pg of the test compounds on isolated rat hearts using the Langendorff

technique. The ability of the compound to influence vasodilatation was determined by quantifying cardiac

output and stroke volume in the experimental subjects. The effect of the compounds was also determined

18y |aAe(q saq Brug
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Authors and ORCIDs

O Salt-inducible kinase 3, SIK3, is a new gene associated with hearing.
(PMID:25060954 PMCID:PMC4222365) Formats

e
M

Abstract ® | Citations@  BioEntities@  Related Articles@  External Links @ Abstract Full Text ® PDF

Show annotations in this 2]

Steves C, Concas MP, Cocca M, Spector TD , Gasparini P, Steel KP , Williams FM article

Department of Twin Research and Genetic Epidemiolc - ZH, UK. Chemicals (1)
Frances Williams
Gene Ontology (8)

Human Molecular Genetics [2014, 23(23):6407-6418]

. Genes/Proteins (6)
Type: Journal Article, Meta-Analysis, Research Support 'mperial College London

DOI: 10.1093/hmg/ddu346 @ & Author Profile Organisms (2)
® ORCID(@
Q, Search articles by ORCID Frances Williams @ & e DEBA

Imperial College London

Abstract

Hearing function is known to be heritable, bul ¥ Filter current search by ORCID SSOC
been identified to date in the adult populatior liatio

from the G-EAR consortium and TwinsUK were used for meta-analysis. Hearing ability 87 50 2r253
Northern and Southern European ancestry (n = 4591) and the Silk Road (n = 348) was e e e e
audiometry and summarized using principal component (PC) analysis. Genome-wide e bl an open s recee sch v
were conducted separately in each sample assuming an additive model adjusted for M

subjects. Meta-analysis was performed using 2.3 million single-nucleotide polymorph v el
of the three PCs of hearing ability in 4939 individuals. A single SNP lying in intron 6 of i

(SIK3) gene was found to be associated with hearing PC2 (P = 3.7x10(-8)) and further ! ;

sequence in a subset. To determine the relevance of this gene in the ear, expression | i I .::

H
R E—

in mouse cochlea of different ages. Sik3 was expressed in murine hair cells during ea
the spiral ganglion during early development and adulthood. Our results suggest a d{
hearing and may be required for the maintenance of adult auditory function.

§ g P

® Frse full ientand licsnsed % Opsn citaions of all
far reuse ancles, by year iond
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Claiming Ind

Ividual Studies

Protein Data Bank in Europe

Bringing Structure to Biology

PDBe > 1b0b

HEMOGLOBIN | FROM THE CLAM LUCINA PECTINATA, CYANIDE

COMPLEX AT 100 KELVIN

Source organism;: Phacoides pectinatus

Primary publication:

Boiognesi M, Aosano C, Losso R, Borassi A, Rizzi M, Wittenberg JB, Bo
Biophys. J. 77 1093.8 (1999)
PMID: 10423453

Function and Biology

Biochemical function:

5 Details

o heme binding
Biological process: e ogygen transpart

Cellular component: o extracelular region

Sequence domains:
e Erythrocruarin
@ Globin
o Globin-like
Structure domain:
@ Globins

Structure analysis £ Details

Entry contents:
Macromolecule:

= Hemoglakin-1

Chain: &
Length: 142 amino acids
Thearetical weight: 14.83 KDa
Saurce PR i
UniProt:

o Canonical: P41260 | (Residues: 2-143; Coverage: 99%)
Sequence domains: Glabin
Structure domains: Globins

T Europe PMC
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Examples:

X-ray diffraction
1.43A resolution

Released: 18 Feb 2000

Modal geometry [
Fit model/'data [

* Feedback

# 1b0b overview
= Citations
o analysis

Ligands and Environments

2 bound ligands:

Experiments and Validation £ Details

Metric Percentile Ranks Value
fefree I [} 0.181

Clashscor: I ]
Ramachazdms cetliers I o
Sidechain cerliers I o
RSRZ coctliers I i

" B

M-ray source: EMBL/DESY, HAMBURG BEAMLINE BWTA

Spacegroup: P2y

o Function and Biology
o Ligands and Environments
o Experiments and Validation

@ View
& Downloads
© 30 Visualisation

Citations
8 review citations

Redox chemistry and chemical bislogy of H2S,
hydropersulfides, and derived species: implications
of their possible bislogical activity and utility.

Ono et al. (2014)

3 mentions without citation

Pratein secondary structure assignment revisited:
a detailed analysis of different assignment
methods.

Martin et al. (2005)

PDB_REDO

Tha sliders below show the change in model
quality between ariginal PDB enfry and the
FDE_REDO entry

Model Geomatry [ :—
Fit modelidata [ e
ORCID claim

You can gign-in with ORCID to claim this entry

|| Remember me on this computer




@ wwwdev.ebi.ac.uk/ebisearch/search.ebi?db=arrayexpress-repository&query=RNA-seq

2% Apps E-MTAB-1-heatmap... W Bookmarks f} Profile [] Add to Mendeley missing summary storage io Current ISL Errors RNASeqg-er APl log [1 Altmetricit! [] dryad

# EMBL-EBI A, Services Research & Training @ Aboutus EMBL-EBI i Hinxton~

EBl Search

mentation ‘ About EBI Se g Feedback

Search results for RNA-seq

Showing 15 results out of 10,560 in All results —+ Gene expression — ArrayExpress

Fter your st

ArrayExpress (10,560 resuits)

Genome-wide transcriptome analysis bZIP29 dominant negative Related data ~

ArrayExpress (10,560) Source: ArrayExpress

repressor line in root tips of Arabidopsis
ID: E-MTAB-3755

... responses. RNA-seq transcriptome profiling of the root meristem shows that

bZIP29 target genes are linked ...
ArrayExpress (10,560)

Single-cell RNA-seq analysis of human pancreas from healthy Related data ~

Mus musculus (2,737) Source: ArrayExpress

individuals and type 2 diabetes patients
ID: E-MTAB-5061

Homao sapiens (2,637)
Arabidopsis thaliana (467)
Drosophila melanogaster (426)

We used single-cell RMA-sequencing to generate transcriptional profiles of
endocrine and exocrine cell types of the human pancreas. Pancreatic tissue and
islets were obtained from six healthy and four T2D cadaveric donors. |slets were
Caenorhabditis elegans (291) cultured and dissociated into single-cell suspension. Viable ...

Saccharomyces cerevisiae (217)

. Europe PMC



EBI Search

o]

Feedback

Help & Documentation ‘ About EBI Se

Search results for domain _source:orcid data claims

Showing 15 results out of 15 in All results — Samples & ontologies — ORCID data claims

Flter your results Create RSS feed

ORCID data claims (15 resuits)

Samples & ontologies (15) MTBLS372 Related data ~

ORCID data claims (15) Metabolomic profiling of Fraxinus excelsior genotypes tolerant or susceptible to ash Source: ORCID data claims
dieback disease reveals changes in iridoid glycosides ID: MTBLS372

ORCID(s): 0000-0002-7219-0398
Metabolights (15)

Related data -

3D DESI mass spectrometry imaging of 52 serial sections from a human colorectal Source: ORCID data claims

adenccarcinoma ID: MTBLS415

ORCID(s): 0000-0002-1007-317X

MTBLS200 Related data ~

Temporal characterization of serum metabolite signatures in lung cancer patients Source: ORCID data claims

undergoing treatment ID: MTBLS200

ORCID(s): 0000-0003-3674-7336

. Europe PMC



Synergistic Efforts at EMBL-EBI
http://www.omicsdi.org/search

.’ Home Browse APl Database MHelp~ XL Login L v Advanced  Q Search

Yasset Perez-Riverol

I'm a Project Leader of Multiomics at the EMBL-European Biocinformatics Institute (Hinxton,
Cambridge, UK). | earned undergraduate degrees in Software Engineer (2006) and a doctoral degree EMBL-EBI
in Biochemistry (2013} from the University of Havana. After finishing my PhD in Havana he joined the
PRIDE team in 2014. | have lead several development projects such as PRIDE Inspector Toolsuite,
and Omics Discovery Index a major resource to find, discovery and link omics datasets.

Contact Info

https://orcid.org/0000-0001-6579-6941

el DRI T

@ Yasset Perez-Riverol

Datasets
(@ P e Serchnar Datae [+ i Jecoflvof ) Search Europe PMC
This Dataset is no actual new study but the mouse benchmark dataset used in the PIA manuscript.
ORGANISM(S): Mus musculus By ORCID

2015-05-08 | PXD000790 | Pride
«/'mouse < benchmark ' Refe ) (& B

0 PIA - Yeast Gold Standard Benchmark Dataset m m
This Dataset is no actual new study but the Yeast Gold Standard benchmark dataset used in the PIA manuscript. # E B I O R C I D H U B
ORGANISM(S): Saccharomyces cerevisiae

2015-05-08 | PXD000792 | Pride
< yeast o benchmark | . Ref

() P12 - iPRG2008 Benchmark Dataset (cco] €D

This dataset is no actual new study but the iPRG2008 benchmark dataset used in the PIA manuscript.
ORGANISM(S): Mus musculus O R C I D

o ‘E.éﬁe

2015-05-08 | PXD000793 | Pride
</mouse  7iPRG2008 & # 1

T Europe PMC
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EMBL-EBI THOR Development — At a Glance

Metabolights Search Faceted
by Funder
BioStudles - Mint individual data set
DOIs on request
ArrayExpress EBI-wide Search De_pusiltion
- Timeline
i Widget
Omics Discovery Index Sl:amli?:r
\ Page
Intact/Complex Portal Single Study
. ; Claiming
BloStudies - - \ Protein Data Bank
GWAS Catalogue GWAS Catalogue
. Search by Data
by ORCID id

Protein Data Bank

Metabolights
Data Claiming
ArrayExpress to ORCID
. > §
Protein Data Bank Retrospective
“»,  Batch Claiming
o . THOR
Pfam/Rfam _ Development |
@ EMBL-EBI
BioStudies
Metabolights

Protein Data Bank

ORCID id in Submitter
Account

Omics Discovery Index

BioStudies

Pfam/Rfam

. Europe PMC

identifiers.org
Stable Unique PID
Provision
and Resolution

Cross-linking between
Europe PMC Publications
and EMBL-EBI data sets

Live Figures



Scholix: Data-Literature Links

exchange
« Harmonized format for Data-Literature links

« Between natural link hubs
* CrossRef
» DataCite
* OpenAlRE

Research

\ Institute

Biblio-
metrics

Data

Center . Funders

T Europe PMC



Scholix at Europe PMC

* Different origin
Data-Literature links
in various places in
APl and User
Interface

* Consolidation into
one APl method
providing links in
Scholix format

Europe PMC

O Connecting with healthcare providers at diagnosis: adolescent/young adult cancer

survivors' perspectives.
(PMID:28617094 PMCID:PMC5510205)

Abstract ® | Citations®  BioEntities®  Related Articles@  External Links

Phillips CR', Haase JE', Broome ME?, Carpenter JS' @, Frankel RM?

Affiliations »

International Journal of Qualitative Studies on Health and Well-being [01 Dec 2017, 12(1):1325699]

Type: research-article, Journal Article
DOI: 10.1080/17482631.2017.1325699 @

Abstract

Adolescents and young adults (AYAs) with cancer are a vulnerable and underserved population. AYAs' cancer
survivorship is complicated by physical and psychosocial late effects which requires long-term follow-up.
Connectedness with healthcare providers (HCPs) is a protective factor that may improve long-term follow-up
behaviours of AYAs. However, little is known about AYAs' experiences connecting with HCPs. The purpose of this
study was to describe AYA cancer survivors' experiences connecting with HCPs. This empirical

phenomenological study interviewed nine AYA cancer survivors diagnosed during adolescence. Individual
interviews were conducted and analysed using an adapted Colaizzi approach. The essential structure reveals
that AYAs begin their experience of connectedness with a sense of disconnectedness prior to treatment. The
diagnosis is a period of confusion and emotional turmoil that interfere with the AYAs' ability to connect. When
AYAs come to accept their illness and gain familiarity with the environment, they then put forth an effort to



Data in different Places

O Connecting with healthcare providers at diagnosis: adolescent/young adult cancer

survivors' perspectives.
(PMID:28617094 PMCID:PMC5510205)

Abstract ® Citations @ BioEntities @ Related Articles @ External Links @

Gene Ontology (GO) Terms

Identified 3 unique GO Terms in the full text

behaviours (16) Q
cell (1) Q
sleep (1 Q

Show all items

Species

Identified 1 unique Species in the full text

morphine (1) Q

T Europe PMC



Response Structure

[ responseWrapper J
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Scholix link format+

publicationDate ]

L..N 1 1
linkProvider

0.1 1 1
linkPublisher

1

n..1 1
relationship

@
1 [ ] 1 qg..
source

occurrances

I

. Europe PMC

name

name

name

I

identifier

E
=

schema

identifier

b

1
schema
ﬁ 1 1
identifier
Skl

1
title

1 1
objectType

1

] 1 1
identifier
)

1

title

1 1

e
=L

schema

ty

i

Legend

Scholix element ‘

Europe PMC element ‘




cholix at Europe PMC

. Europe PMC About Tools Developers Help

Europe PMC plus

Advanced Search

. . . . L @ Recent Activity & Export
O Aftick salivary protein targets cathepsin G and chymase and inhibits host Feent A e

inflammation and platelet aggregation. Formats
(PMID:20940421 PMCID:PMC3031492)

Search worldwide, life-sciences literature

E.E. "breast cancer" HER2 Smith |

Abstract | Full Text ®

s
Abstract ® Citations Related Articles Dat BioEntities External Links .
strac ata Cited by 54 @ view all
Data behind this article A
= : 2011 2013 2015 2017
EBIDStudIES. Primary data and supplemental files

hopesrwwni.ebi.ac.uk/biostudies/studies/s-EPMC 3031492 2

Figures are available in the full text of the article

Data associated with this article

4 UniProt records that cite this article 4

1 PDEBe record that cites this article 2

4 ENA records that cite this article (2

2 OMIM records that cite this article (@

q% Europe PMC
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More questions? Contact us

https://europepmc.org/
@EuropePMC_News W

Questions about Europe PMC
Helpdesk@EuropePMC.org

My contact details
graf@ebi.ac.uk

" Europe PMC
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