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What is the European Bioinformatics Institute”

~ Part of the European TR R A

Molecular Biology
Laboratory

* International, non-profit
research institute

- Europe’s hub for biological
data services and research
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The five branches of EMBL

Hodeboorg

Basic research in Structural biology Bioinformatics

molecular biology
| Monterotondo |

Administration
EMBO

~ 1,500 staff Structural biology Mouse biology

- >60 nationalities
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EMBL member states

Austria, Belgium, Croatia, Denmark,
Finland, France, Germany, Greece,
Iceland, Ireland, Israel, Italy,
Luxembourg, the Netherlands,
Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom

Associate member state: Australia
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EMBL-EBI also has significant external funding

Sources of external funding for the year 2011. The Wellcome
Trust also supports us through provision of our buildings.

EMBL-EBI Industry

Programme, €0.8M

Other, €2.9M

European

Commission, €7.1M
UK Research

Councils, €2.2M

The UK government
granted £75 million in 2011
to support our role

Wellcome in coordinating ELIXIR, the
Trust, €4.8M emerging infrastructure for
biological data in Europe.
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The Wellcome Trust Genome Campus

- Sanger Institute
- Sulston building

-

Data centre

Sanger labs
/ informatics

Cairns
Pavilion

EMBL-EBI
(shared)
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EMBL-EBI'sS mission

R

“+ Provide freely available data and bioinformatics services to
all facets of the scientific community in ways that promote
scientific progress

© ' Contribute to the advancement of biology through basic
Investigator-driven research in bioinformatics

R

“+ Provide advanced bioinformatics training to scientists at all
levels, from PhD students to independent investigators

' Disseminate cutting-edge technologies to industry

R

#+ Coordinate biological data provision across Europe




The people behind the data and research

€/ ppBe p UPel

9 PROTEIN DATA BANK EUROPE REACTOME
ame GO @inkerpo &
~PEO otaf * & ~400 in services & support

>45 nationalities ~100 in research
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What is bioinformatics?

and analysing large amounts of
biological information

- An interdisciplinary science,
Involving biologists, computer
scientists and mathematicians

At the heart of modern biology &

.© Samuel Kerrie




Biology Is changing

. Data explosion

~ New types of data

Growth of raw storage

= Hiah- ' at EMBL-EBI (in terabytes)

- High-throughput biology .
- Emphasis on systems,
not reductionism 12000 1
8 10000 -
~ Growth of applied biology § s
molecular medicine o =
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agriculture 2000 -

food ZQQ NN 06{' Sk QQDL

v Vv v Vv Vv

environmental sciences




Different Types of Biological Data

Literature
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Chemical entities

Nucleotide sequence

Gene expression

Protein families,
domains and motifs

Protein-protein
interactions
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Bloinformatics services » .

WWW.ebl.ac.uk/services
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What services do we provide?
Labs around the
world send us

...Jprovide their data and
tools to help We...
researchers

use it
A virtuous Archive it
circle
Analyse it
Classify it
Share it with
other data

providers




Key facts about EBI services

' Freely available

- The world’s most comprehensive collection of molecular

. Globally coordinated data collection and dissemination

© Produced in collaboration with other world leaders, e.g.
NCBI, USA

National Institute of Genetics, Japan

Swiss Institute of Bioinformatics (SIB)

Cold Spring Harbor Laboratory, USA
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Datalbases: molecules to systems

Genomes
Ensembl
Ensembl Genomes
EGA
Metagenomics
portal

Nucleotide sequence
« ENA

Protein activity
* IntAct, PRIDE

Protein Sequences
o UniProt
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Functional
genomics
» ArrayExpress

» Expression Atlas

» ChEBI

Chemical entities

Chemogenomics
» ChEMBL

Literature and ontologies
» Europe PMC, CiteXplore, GO

Protein families,
motifs and domains
e |nterPro

Macromolecular

structure
 PDBe

Pathways
* Reactome
* Metabolights

Systems
» BioModels
e BioSamples
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Search the data: www.ebi.ac.uk

EMBL-EBI : European Bioinformatics Institute Access from the EBIl’s
: homepage

Databases | Tools EBI Groups | Training Industry | About Us Help

G . ai
Explore the EB: —gma R

- . T Species selector
Industry About Us Help Site index [ &
]
allows for easy
Examples: ROA1 HUMAN, tpi1, Sulston... .
comparison
Help & Suggestions Support & feedback ORGANISM SELECTION
- ,-‘,* H
> H:$a::piens g
House Mouse %
Mus musculus
TPI1 differential expression summal J Baker's Yeast
N T ) ) i ) j Saccnammyres CEerevisiae @ i
Organism part E Fruit Fly
Drosophils melanogasier i
cerebellum, heart. blood, tumor, .. (97 more) g
& View all

Data organised
according to:

e gene

e Expression

e protein

e structure
literature

| | Disease state

normal, colon carcinoma, uterine fibroid, cervical carcinoma, ... (161 more)
& View all

Cell type Explore data,
return easily to

your results

epithelial cell, macrophage, monocyte, stromal cell, ..
& View all

Cell line

MCF-7, UB7, HeLa, MDA468, ... (88 more)
& View all

Compound treatment

Lfmmrnre
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Genomes: e,’ Ensembl

© Explore vertebrate (and selected invertebrate) genomes

" Produced in collaboration with the WT Sanger Institute

Genomic
alignments

Loin  Register | BLA o

Pick a genome

- m 5 e — o e ARAE R A AR
Plata Your account "= 1

agement

Data
DAS

RL Data
BAM File
Data

£ on Karyotype
prateSenverters

': Assembly Converter

ID History Converter

— Variapt Effect Predic*~-

. 881907 881906 -/C +
Varl ant 121017956  ENSGO0000060237 ENST00000315939 NON_SYNONYMOUS_CODING a

12:1017956  ENSGO0000060237 ENST00000252477 NON_SYNONYMOUS CODING
. 121017956  ENSGO0000060237 ENST00000340908 NON_SYNONYMOUS_CODING +
far ' “lleS Eﬁeot 121017956 ENSG00000002016 ENST00000358495 DOWNSTREAM +

12:017956 __ENSGO0000002016 ENST00000228345 DOVNSTREAM

| )redlctor 15 &6520 66520 G/A +
a8 150029 150029 A/T +

EMBL-EBI




Genomes: e,’ Ensembl Genomes

. Explore genome-scale data from bacteria, protists, fungi,
plants and invertebrate metazoa.

Genome portals
for the five
kingdoms of life

Variation data for plant,
metazoan and fungal
species

Pan-taxonomic § s e =
comparative  {__ ...
analysis e T o0 SESEEE

Multi-way
comparison of
whole bacterial
chromosomes
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Transcription:

-t ARRAYEXPRESS

Functional genomics experiments —

RNA-Seq, ChlP-Seq and array-based technologies

MIAME-standard compliant.

Experiments Archive
15930 experiments, 445657 assays

Browse experiments

cltatlon, sample and factor annotations

3 E-GEQD-

Breast cancar cafis: £ statug

Description
i

MIAME score

Contart Rashs

Links

Search by keyword

Browse experiments ‘\ Advanced query syntax

Files Dwts Archives
Sample and D

Experiment type trasserpbien peofling by semay
Attribute values
el CAL2135, HCCH 500, HOC1500, ¢
Homa sapuans

universal reference BMA frem Stratapen

Sasmple Atribete nasse
attribules

HTB-132, HTB- 2L CAMAL, HTB-303KHI

Experiment, citation, sample and factor annotaty’ Fon [reset] Display options [reset] Eﬁpe“ment _E'MEXP‘K’J-E

"“chronic myelogenous leukemia® [_All species + ﬁ experiments per page (ranccricia proling by:airay of hu mai Growes dises Seort 2nd ing course samples (3 Samioies)

() ArrayExpress data only Nadvanced query synta™ [ all arrays [3) O Detalied view P s e

42 submitter/reviewer login 3 ArrayExpress Browser Help |_All assays by molecul | 4 by [ All technologies B Sourco Name« Organism  Sax o i « DISEASE_STATE CLINICAL HISTORY SEX  Aray Data File

C1 TEa09 Contral Homo sapeens male thyroid gland  adult frozen_samgle Contral mak  TB209.CEL

1D Title Assays  Specles Date ~ Processed | Raw  Atlas €2 TBI7T Contral Hemo sapies female thyroid gland  adult frazen_sample Contral female | TB377.CEL

@ E-GEOD-11675 Chronic myelogenous leukemia hematopoletic stem cells 6 Homo saplens 2010-10-01 ) =) LC 413 Graves' disease Homo sapiens female thyroid gland  adult frozen samgle long course  Graves' dissase  long cowrse female TB413.CEL

@ E-GEQD-4170 Gene expression changes associated with progression and res; 119 Homo saplens 2010-06-10 =] LCTe428 Graves' disease Momo sapens male  thyroid gland  adult frozen_samgle  long course Graves' disease  long course male  TBA26.CEL

@ E-GEOD-1429 CEA_SGF:E00010#Dbcr-abl 12 Mus musculus 2010-06-09 =] LCTR442 Graves' disease Hemo capiers female thyroid gland  adult frozen_samgle  long course Graves' diseagse  long course female TB442.CEL

& E-GEOD-20876  Effective Targeting of Quiescent Chronic Myelogenous Leukemi 12 Homo sapiens 2010-06-07 B 2] SCTRIZI Growg disease  Homo sapiens male  thyroid gland  adult frozen samgie shortcourse  Grawes' discase  short course make | TBITIECEL

i E-GEOD-%6 Large-scale analysis of the human transcriptome 85 Homo sapiens 2010-04-21 H = §C TRI94 Graves o female TB394,CEL

@ E-GEOD-19567  Transcription profiling of human K562 cells reveals Imatinin an 12 Homo saplens 2010-01-18 B SC TR Graves' dis female TE4Z3.CEL

@ E-GEOD-17480  Transcription profiling of human untreated and fenretinide-trez 8 Homo sapiens 2009-12-04 =] 9 H H

@ E-GEQD-18673  Transcription profiling of human patients with acute mveloid le 10 Homo saplens 2009-11-06 =} = Read d eSC rI pt I O n S Of

5 E-GEOD-17588  Transcription profiling of goat model for CML 25 Capra hircus, Homo sapien 2009-08-22 B <]

& E-GEOD-7114 Transcription profiling of human CML cell line resistant to cyclo 10 Homo saplens 2009-04-24 =] c=) ]

@ E-GEOD-14416  Transcription profiling of mouse ber-abl transformed cells revei 4 Mus musculus 2009-01-24 =] “ Sam p | e p rO p e r-t I eS

© E-GEOD-11889  Transcription profiling of human CD34+ subsets in chronic pha 47 Homo sapiens 2009-01-12 =] t=1

# E-MTAB-37 Transcription profiling of human multiple cancer cell lines (950 950 Homo sapiens 2008-11-17 =] Q
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Transcription: Gene Expression Atlas

Search for gene expression changes under different
biological/experimental conditions.

M LMD

|
about the project | fag | feedback | blog | das | a :
brca up/dawn in ¥ Homo sapiens any)

. ATEM BE bk

Genes Qrganism Organ, disease, other factars

[pidamnin ¥ [l N ol [
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Search by gene
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gene expression
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Protein sequences: Prot

- The world’s most comprehensive catalogue of information
about proteins

- Richly annotated information on individual proteins and full
proteome sets.

UniProtKB
Protein Knowledgebase

UniProtKB/Swiss-Prot
Reviewed

Manual annotation
UniRef T UniMES
Sequence clusters <«
UniRef100 UniProtKB/TrEMBL Metagenomic
UniRefa0 Unreviewed 4 and environmental
UniRef50 Automatic annotation sample sequences

[ t [

UniParc - Sequence archive
Current and obsolete sequences

ENA/GenBank/DDBJ, Ensembl, other sequence resources




PROTEIN DATA BANK EUROPE

Predict quaternary
structure: PDBePisa

Ligand Environment Statistics

" atkaric Aromasic Polar neurral Acidic Basic Unigue

E
£ s
Rl
ALK TR Pt TRF TYR  GLN MET  SEL THR  GLU ARG s s GY PR

Binding sites

Browse structural
data: PDBeXplore

v

d ' f . Explore enzyme structures [ree
and motifs: s
S uluiad Publicatons Authors | Help
PDBeMoaotif
Showing results 1 - 30 of 30 Show | 50
FDB id Sciendfic organism EC number
1 o Enterobactata phage T¢ 24127
el Enterobacteria phage T4 24027
9 ibgy Enterobactera phage T4 24927
' irer] Enterobacteris phage T 24127
Fold comparison: HRL
" 1 tus Entérobactea phage T4 24128
] dilx Enterobacteria phage T4 24027
PDBeFold R —
] iy Enterobacteria phage T4 24127
] i Entercbacteria phage T4 24121
1 1dd Conmephage beta 24238
1 iy [Enterobacteria phage T4 24027
) dmbt Enterobactaria phage T4 24127
| 2bau Enterobacteris phage T4 24127
gt Enterobactoda phage T¢ 24127
dsxg Enterobacteria phage T4 24127
1 Enterobactens phage T 24027
v6g Enterohacteria phage T4 24428
1y6f Enterobacting phage T4 24126
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Chemogenomics: ChEMBL

Neglected
Tropical

ChEMBL database Dlsease.(NTD)
- archive

¢ o+ Hasay e Adpent Fange el
g o ’ TCADE % st .'- yurt itran 107 (o
o Sequence Searcl i i
;s a :
’ 4 » r Zi 05=Homa B

ChEMBL

»op|P28223 | SHTZA HUMAN

Browse

ke Comrarnty

targets

. Taraet search . . GPCR SARfari
C oy ° Kinase SARfari

[ BB P T |
~E==~2000000

uuuuuu

Compound
search
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Data management

Data Storage

' Leased two data centres
(with €11.4M from UK
Research Councils)

- Total disk space: 14
petabytes in 2011.

~ Over 800 million cross-
references in the databases
we serve

Web requests

8M

M

N~
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w
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- Over 5.7 million web requests per day

- Number of unique IPs served grew by 6% between 2010-2011

— EBI
— EBI + Ensembl \
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Types of Positions in Serwces at EBI

. Software Engineers

. Database Administrators
- Systems staff

- Curators

- Bioinformaticians

-~ Project Managers (for internal
and external projects)

- Administrators

- User experience




Tools at EMBL-EBI

. Analyse your own data via ~100 tools:

Search across our databases for homologous sequences using a suite of
tools from classics such as BLAST and FASTA to recent advances such as
Exonerate and PSI-Search

Functionally annotate your sequence with protein domains and important
sites using InterProScan

Align your sequences to discover conserved regions with Clustal Omega,
MUSCLE etc.

Perform sequence translation, repeat analysis/masking, trans-membrane
topology prediction etc. with EMBOSS and other tools

* Results enriched with data from EBI resources

www.ebi.ac.uk/tools

EMBL-EBI :



http://www.ebi.ac.uk/tools

Web Services

- Programmatic access available via Web Services

Remotely run your tasks on our servers + data

SOAP & REST APlIs

Pre-made clients in Java, PERL, python etc.

Compatible with workflow tools such as Galaxy, YABI, Taverna
Tools, data retrieval, even EBI Search

Same programs, data and results enrichment as running via the web pages

wWwWWw.ebi.ac.uk/tools/webservices



http://www.ebi.ac.uk/tools/webservices

Research

WWW.ell.ac.uk/groups
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Key facts about research at EMBL-EBI

A unique environment
for bioinformatics
research

Nine dedicated
research groups

Seven services teams
also carry out R&D

Research and services
are mutually
supportive

EMBL-EBI i




Diversity in discipline: first degree

Genomes Transcriptomes Proteins Pathways and systems

Alvis Janet
Brazma Thornton
Paul
. & . Bertone

2

Paul Anton
! Flicek Enright
_ Julio Saez-
B &b § Rodriguez
: Nick John @
i Goldman Marioni
b T
- Christoph
. Steinbeck
Oliver Key @
Stegle & biology/medicine
@ chemistry/chem John
engineering Overington
maths
& physics @

EMBL-EBI




Research themes

(T Treeree
P

L
T L N

Genomes

Proteins

Nick Goldman
Oliver St'egle = Janet Thornton
Ewan Birney = Gerard Kleywegt

Paul Flicek

Transcriptomes

Anton Enright
John Marioni
Alis Brazma

Chemistry
Christoph Steinbeck
John Overington

Pathways and systems
Paul Bertone
Julio Saez-Rodriguez

Service team
leaders who also
have research
groups are in /talics

EMBL-EBI




Examples of EMBL-EBI research

What is the
molecular
basis of
ageing?

What makes a stem
cell decide to become
skin or muscle?

How do the
neurons of
someone with
Parkinson’s
disease signal
differently from
healthy
neurons?

Which of these
changesto a

Which of these

proteins will make genome’s
good targets for structure drive
drugs? cancer?

EMBL-EBI



New research group leaders —to join in 2013

EMBL-EBI
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EMBL

International PhD © All applications must be

Programme 2012 made online at:
www.embl.org/phdprogramme

~ The 2013 Fall selection will
open around mid-April

. Contact:
predocs@embl.de

www.embl.org/phdprogramme EMBL-EBI


http://www.embl.org/phdprogramme
mailto:predocs@embl.de

Postdocs at EMBL-EBI

EIPOD: EMBL Interdisciplinary Postdocs

Biology, Chemistry, Physics, Mathematics, Computer

Science, Engineering and Molecular Medicine

- prestigious postdoctoral fellowships

« interdisciplinary research projects

« secured three year funding

« positions come with generous health care benefits
cofunded by EMBL and Marie Curie Actions

www.embl.org/eipod

Apply online before 13 September 2012

EIPOD: EMBL-sponsored
interdisciplinary fellowships

ﬁ EBI-Sanger Postdoctoral Programme
v * Deadline for applications: 15 August 2012
ﬂ* * Combine experimental and computational approaches to address

important challenges in life science research
* Propose your own project or select from pre-defined projects:

j“;?, - Systematic characterisation of Sanger human iPS cells (SH-IPSCs)

© - Modslingthe genstic-spigenati requlatory pathays in hematopoietic cols
:z.;;‘-*_ - Genes, pathways, modules and organs that requlate bone mass

‘f:g - Comparative genomic insights into parasite genome function

;;1-'- - Adaptive svolution of olfactory systems in ;

www.ebi.ac.uk/training/postdoc/ESPOD §aﬁger EMBL-EBI

ESPOD: EBI-Sanger combined experimental
and computational fellowships

EMBL-EBI i




U Se r t ral n I n g www.ebi.ac.uk/training

Learn to make the most of Europe’s most widely used databases for life scientists

Train at EMBL-EBI Train at your place

Gain hands-on Choose the training

experience in our modules relevant to you

state-of-the-art training and your colleagues

room and let us bring the
Bioinformatics Roadshow™*
to you

* The Bicinformatics Roadshow is funded by the European Commission under SLING, grant agreement number 226073
(Integrating Activity) within the Research Infrastructures of the FP7 Capacities Specific Programme.

Train online

Beta release launched:
train wherever and
whenever you like and
at your own pace
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L} w b
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Why Is user training important??

- Growing and diversifying user
community

. ~3 million life scientists in Europe, each
a potential bioinformatics user

* Data analysis is the major bottleneck in
research

© Many molecular life scientists feel
under-qualified to use publicly available
data.

EMBL-EBI i




EMTRAIN

A sustainable, pan-European
platform for education and training &
EM

European Medicines Research
Training Network

- Covers the whole life-cycle of
medicines research:

Linked [{}].

basic science

clinical development

pharmacovigilance
+ On-course: Europe's first ‘_\\\}_ ¢ % " on-couse.

biomedical post-graduate course s
catalogue

www.emtrain.eu

© Quality criteria listed by course
providers.

EMBL-EBI :




Interactions with mdustry

Www.ebl.ac.uk/industry

Services | Research | Training | Industry EMBL-EBI : s3asst



The EBI Industry Programme

- Large companies join the EBI Industry
Programme which provides

Expert training

Standards development

Technical development
Precompetitive research collaboration
Networking opportunities

© This fosters collaborations between industry
and EBI

It enables industry to adapt quickly to — and
maximise the benefit from — innovations in
bioinformatics.

© It enables EBI to develop services which fulfil
the needs of industry

“The Industry Programme’s regular
meetings foster inter-company
interactions as we collaborate on

special projects and liaise on other

industry initiatives”

-- Bertram Weiss, Principal Scientist,
larget Discovery, Bayer Schering
Pharma

EMBL-EBI :




Supporting the bioindustries

— 3"y
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Environmental .
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Biotech

Fisheries

Big pharma

Biofuels i Computing
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Industry Programme members

 Astellas PharmaInc. © Pharmaceutical R&D

- AstraZeneca - Merck Serono S.A.

 Bayer Pharma AG @ Nestlé Research
Centre

* EliLily and Company =~ \ovartis Pharma AG

~ Novo Nordisk

~ F. Hoffmann-La
Roche ~ Orion Pharma

© Boehringer Ingelheim

© Galderma . Pfizer Ltd

0 GlaxoSmithKline . Syngenta

~ Johnson & Johnson * Sanofi-Aventis

Recherche &
Développement



Small and medium-sized enterprises
~ SMEs are major drivers of the
economy

© Turnover is high: needs are
often more short-term

- EMBL-EBI data and services
can add value to business
processes immediately

Pictured: attendees of the 2011 SME
Forum in Piemonte, Italy




Coordinating bioinformatics in Europe
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ELIXIR
 EMBL-EBI is a major driver in ELIXIR, the EI i l r

pan-European research infrastructure
for biological information

~ The goal of ELIXIR:

Build a sustainable European infrastructure for
biological information

Support life science research and its translation
to medicine, the environment, the bioindustries

and society.

EMBL-EBI




A distributed Iinfrastructure

» Central hub at EMBL-EBI

* Hub provides technical
coordination

* Nodes in member states make
scientific and technical
contributions

» Collaboration through bilateral
service level agreements
between hub and nodes.

oy g™

oy g™
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Signatories to the ELIXIR Memorandum of
Understanding

1
mmm Denmark

n - Estonia
'I_ Finland

. - h wﬁ h Czech Republic
w R : 1 [N

= Netherlands
EIE Norway
BB Slovenia
]

mm Spain

—— Sweden

B3 switzerland
== United Kingdom
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Thank you! Any questions?

EMBL-EBI :
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