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Foreword

arag & -
Janet Thornton Graham Cameron

Director Associate Director

Welcome to EMBL-EBI’s 2010 Annual Scientific Report.

The past year has seen substantial demands on EMBL-EBI in terms of handling the exponential growth of sequencing data, which
has been made possible by impressive advances in DNA-sequencing technology. Life scientists now generate petabytes of data
on a daily basis. Our mission to provide bioinformatics services, research, training and industrial support has never been more
important or challenging.

For example, towards the end of 2010 the results of the international 1000 Genomes Project were published. EMBL-EBI, in
partnership with the National Center for Biotechnology Information (NCBI) in the US, is responsible for storing and making
available these data, which are beginning to elucidate the genetic basis of human individuality. In parallel, the extension of the
Ensembl Genomes infrastructure to handle plants and fungi - as well as bacteria, protists and metazoa — now makes it possible for
the EBI to support researchers making the most of new technologies to determine the genetic makeup of many different species.

But as the flood of data rises, so does the need for data integration. We are developing new portals and other mechanisms to allow
data that has traditionally been held in different resources to be seamlessly integrated using both the web and programmatic
interfaces. Such development, while technically demanding, is essential for meeting the specialised needs of our users. We expect
to make many of these new developments publicly available in early 2011.

The increasing amount and complexity of new data underscores the need for better standardisation and integration. We have
consolidated some of our service teams, creating a more layered structure better suited to handling these demands. Three new
team leaders have joined our services. Helen Parkinson, under the guidance of Alvis Brazma in the Functional Genomics group,
is overseeing data curation while Misha Kapushesky is leading the Gene Expression Atlas team. Tom Oldfield, under Gerard
Kleywegt’s leadership, is now Head of Databases and Services within the protein structure database (PDBe).

Curiosity-driven research at EMBL-EBI is flourishing, and has produced both exciting discoveries and powerful new tools. Of
particular note this year are several different studies on the control of regulation and gene expression that draw on public data and
data generated in multiple wet—dry collaborative experiments with colleagues at EMBL sites and throughout the world. In addition,
two new research group leaders, Julio Saez-Rodriguez and John Marioni, are adding to the diversity of research at the EBI. Julio
focuses on computational analysis of information transfer within signalling networks implicated in disease, while John develops
computational and statistical methods to answer questions in evolutionary biology, especially those driven by new technological
developments such as single-cell sequencing.

Our services are being used ever-more frequently by scientists within Europe and beyond. We provide simple web access for
several hundred thousand independent users every month, and researchers are relying increasingly on programmatic access to
large amounts of data through web-service technologies.

The computational and storage needs of all these projects are tremendous, and demand enormous growth in our storage capacity.
Our new London Data Centre, funded by a £10 million (approximately €11.5 M) grant from the UK’s Biotechnology and Biological
Sciences Research Council (BBSRC), is now equipped with 3600 CPU cores and 3.8 PB of raw storage. Its first service, the ftp server,
went live in June 2010. Our Systems and External Services teams have worked hard over the reporting period to carefully relocate
many of our services to London. Production and Research work will remain at the Wellcome Trust Genome Campus’s data centre,
which we share with the Wellcome Trust Sanger Institute.

We are committed to providing training for our users. The EMBL-EBI training facility, opened only in 2007, is already operating
to capacity, and demand for our courses remains very high. Our in-house courses are oversubscribed and demand for roadshows
outstrips our capacity to deliver them. We are developing our e-learning programme, which will complement our face-to-face
teaching and enable us to reach a larger audience. The economically driven move towards pre-competitive research in industry
is generating renewed interest in working together to address our common challenges. Our Industry Programme, which delivers
tailored training to our industry partners, has also grown, with three companies joining late in 2010.



The maintenance and development of our core databases and services is, and will remain, central to our mission. However, the
emergence of ever more high-throughput methods and the resulting increase in diversity and quantity of data require a new
model. It is clear that neither EMBL, the European Commission, nor any single nation can provide sufficient infrastructural
funding to solve the entire problem.

These realisations gave rise to the ELIXIR ESFRI project (see page 8), whose consultation phase explored possible models in
discussion with European scientific, financial and legal experts. During the consultation phase, it became clear that a large
number of institutions distributed throughout Europe are enthusiastic and qualified to contribute to ELIXIR’s mission. This
naturally suggests a distributed solution. Although this poses substantial technical challenges and requires careful division of
tasks, it is the only viable way to pool our expertise and collectively fund the solution. Recognising this, the ELIXIR Steering
Committee has endorsed a ‘hub-and-nodes’ model, with the hub being at EMBL-EBI. Adoption of this model has now begun.
Several European countries have committed funds to prepare for the construction of nodes, and have put ELIXIR on their
national roadmaps for research infrastructure.

Indeed, an open call for suggestions for ELIXIR’s nodes, issued in April 2010, received an overwhelmingly positive response.
At the time of publication (November 2010), we have received suggestions for 54 nodes, from 23 countries. It is now necessary
to secure commitment from further national funders who realise the importance of biological data to the future economic
prosperity of their countries and are willing to contribute to this pan-European effort.

Extensive international collaborations are not new to the EBI. All our efforts rely on interaction with colleagues throughout
the world. The deposition of new data, the daily exchange of information between data resources, the joint development of
software tools, the sharing of curation tasks and the challenges of collaborative research have built an extensive community of
collaborators. It remains our privilege and pleasure to work with them.

Janet Thornton, Director

Graham Cameron, Associate Director
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Major Achievements
2009-2010

SERVICES

The wide uptake of next-generation sequencing and other ultra-high throughput technologies by life scientists with interests
spanning fundamental biology, medicine, agriculture and environmental science has led to unprecedented growth in data
generation. It has also put the need for unrestricted access to biological data at the centre of biology. This is reflected in the use
of EMBL-EBT’s services, which exceeded 4.6 million requests a day (including Ensembl) by the end of June 2010. The EBI has a
mandate to provide biomolecular data resources of universal relevance to biological and medical research; our services include
the provision of biological databases and tools to explore them.

EMBL-EBT’s constituency includes academic and commercial researchers throughout Europe and beyond, and we form a
European node in many global data-sharing collaborations (see Figure 1). These service activities are accompanied by extensive
outreach and training, concentrated mostly in Europe, with a dedicated team (see page 82); industry users receive targeted
support through the EBI Industry Programme (page 84). Over the course of the reporting period (July 2009-June 2010) we
effected some fundamental changes to our service provision. Some of the developments over the past year illustrate perfectly
the scale of effort needed to stay one step ahead of our users’ needs.

Nucleotides

The EBI is at the sharp end of spectacular improvements in the speed, capacity and affordability of DNA sequencing, with
submission rates exceeding half a million bases per second (see Figure 2). Life scientists can now carry out experiments at rates
previously undreamt of: for example, the International Cancer Genome Consortium plans to sequence 25 000 cancer genomes.
But the assumption that the infrastructure will always be there to cope with this unimaginable onslaught of information (after
all, it has been there since the launch of the EMBL Data Library in the mid-1980s) has become unrealistic.
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Figure 1. EMBL-EBI’s collaborations for the major databases.



The European Nucleotide Archive (ENA) was launched in May 2010. Carefully annotated and cross-linked sequence records
from the EMBL Nucleotide Sequence Database (EMBL-Bank) form the backbone of ENA, which also provides direct access to
raw sequence data. Raw data from electrophoresis-based sequencing machines is held in the European Trace Archive, which
was previously maintained at the Wellcome Trust Sanger Institute. The Sequence Read Archive (SRA) is a newly established
repository for raw data from next-generation (array-based) sequencing platforms. Bringing together globally comprehensive,
public-domain nucleotide sequence from all these data sets, ENA’s services include: integrated browsing across all content;
rapid, comprehensive sequence-similarity search; graphical assembly and feature visualisation; and enhancements to the Webin
submissions infrastructure. In addition, the team has launched simple programmatic services through which all ENA content
can be accessed.

The 1000 Genomes Project is the largest coordinated data production and analysis project yet undertaken in genomics. The
EBI leads the project’s data coordination; the complete pre-publication release of the raw and processed pilot project data was
announced in March 2010. This data set includes 15 million single nucleotide polymorphisms (SNPs; 8 million discovered in
this project alone), 1 million small insertion and deletion polymorphisms and 20 000 larger structural variants. By releasing all
of this data in advance of publication, we enabled it to be used to inform medical sequencing and other disease-related studies
in a timely fashion. Several important results based on this pre-publication data have already been announced.

Ensembl Genomes is a significant new project designed to leverage the power of the Ensembl system for genome analysis and
display beyond the vertebrates (for which it was originally designed) to meet the needs of communities working on species from
all domains of life. These communities are generating increasing quantities of genome-scale data but lack the bioinformatics
infrastructure for its integration and exploitation. In September 2009, we launched two new divisions of Ensembl Genomes:
Ensembl Plants and Ensembl Fungi. These portals followed the launch of Ensembl Bacteria, Protists and Metazoa earlier in the
year and completed the launch phase of Ensembl Genomes.
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Functional genomics

In the era of multi-omics experiments, keeping track of the origin of the data, and being able to cross-reference, for example,
a sample on which genome sequencing, expression profiling, proteomics and metabolomics information has been gathered, is
becoming essential. The Functional Genomics group has been developing a pilot version of the BioSample Database, which
will contain information about biological samples used in experiments. The data from the experiments themselves are stored
in other EBI databases, such as ArrayExpress, ENA and PRIDE. A particular set of biosamples (e.g. commonly used cell lines,
mouse strains) may be referenced by many experiments.

Another result of faster, cheaper sequencing technology is that gene-expression studies are moving away from microarray-
based experiments and towards the sequencing of cDNA (known as RNA-seq). The Functional Genomics Production Team
is now fully capable of accepting RNA-seq information, and has made available 400 sequencing-based experiments in the
ArrayExpress database. The team has developed integrated submission processes with the short read archives of ENA and EGA
to integrate data within the EBI, and has produced new submission tools to support annotation and submission of these data.
In addition, they have agreed on and implemented a system for exchanging data with the NCBI Gene Expression Omnibus.

The Gene Expression Atlas is now available as an open-source, stand-alone version. Users can install the complete Atlas locally
and use it to load and view private datasets together with the public data. The Atlas includes the global map of human gene
expression (Lukk et al., 2010) as well as a pipeline for processing RNA-seq studies. The R Cloud service, launched this summer,
provides remote access to Atlas data and the R cloud-computing environment on EBI servers.

Small molecules

Enhancements to our cheminformatics services have continued apace in the past year. ChEMBLdDb, the EBI’s database of
bioactive compounds (drugs and drug-like molecules), was publicly launched in January 2010. The database has grown
substantially in size (an increase of over 50% in bioactivity content), with updates released monthly. The ChEMBL data has
been integrated with other EBI resources. It has also been integrated with the US-based bioactivity resource PubChem, with
further integration work proceeding as a high priority. Of particular note was the deposition of previously private datasets
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into ChEMBL, including the malaria-screening results released by GlaxoSmithKline, Novartis and St Jude Children’s Research
Hospital. Our hope is that ready access to these data sets will expedite much-needed research on new therapies for neglected
tropical diseases.

ChEBI, our chemistry database and ontology, now accepts submissions. A bulk submission facility has also been developed. As
part of a collaboration with the La Jolla Institute of Allergy and Immunology in the US, we have curated around 1500 entities
associated with immunology, making good use of a new facility for including citations in compound records. ChEBI has also
successfully registered over 600 000 small molecules populated from the ChEMBL database. As well as making chemical data
openly available, we have also made good progress in developing open-source software tools for analysing small molecules.
The ChEBI team has released OrChem, an open-source package that allows users to perform substructure, similarity and exact
searching of chemical structures stored in an Oracle database. Wild-card chemical-structure searching has recently been added
to this toolkit.

Data integration and development of new user interfaces

Excellent progress has been made on the development of a new search and browse engine, designed to better serve bench-based
life scientists — our end users - and is due for launch in early 2011. The new engine will provide our users with an integrated
view of gene, expression, protein, family, structure and literature information and will rank search results in a researcher-
oriented manner. For example, if a user enters p53 in the search box, the chances are that he or she is looking for the (human)
P53 gene, not the gene encoding a p53-binding protein or a p53-like protein; the results-ranking system for the new search
engine takes this into account. Jenny Cham, our User Experience Analyst, has worked with users throughout Europe, both in
academia and in industry, to carry out face-to-face user testing, which has been fed back into the development of the service.
Central to the new service is the EBI’s general search engine. With more than 300 million entries indexed and updated daily,
the search acts as a gateway to all the major EBI data providers’ sites. Its programmatic interface is now used by several groups
both within and beyond the EBI.

The scientific literature is the first port of call for the vast majority of life scientists when they are searching for information. Jo
McEntyre’s first year at the EBI as leader of the Literature Services Team (see page 42) has led to some exciting developments
in the UK PubMed Central (UKPMC) project. UKPMC is a unique, innovative and free online resource offering access to
information sources for biomedical and health researchers. It is being developed by EMBL-EBI together with the British Library
and the University of Manchester and in close cooperation with the NCBI; our role has been to develop a full-text semantic
index and retrieval service for UKPMC. In January 2010, UKPMC moved beyond its basic mirror function of PubMed Central
USA and launched a new website, powered by this service. The service provides one-stop searching for both citation and full-
text results, incorporating text-mined terms such as genes, proteins, organisms, GO terms, accession numbers, diseases and
small molecules. Updated daily as new articles are deposited, the web service provides the core functions that set UKPMC apart
from similar resources.

Gerard Kleywegt’s first year as leader of the PDBe Group (see page 36) has also been a productive one, and the newly designed
PDBe website, which includes several new services, has been accompanied by encouraging usage statistics.




Data standards

The development of data standards remains at the heart of the EBT’s collaborative approach to bioinformatics, and there have
been important milestones for molecular interactions and microbial and viral nomenclature this year. In February 2010, the
International Molecular Exchange Consortium (IMEx) entered production mode, co-ordinating the curation of molecular
interactions among five major interaction databases in Europe and the United States, including the EBI's IntAct database. In
April 2010, researchers from life-science organisations worldwide worked together at the third NCBI Genome Annotation
Workshop to develop and gain community acceptance of prokaryotic protein naming guidelines. Following this agreement,
the International Sequence Database Collaboration (INSDC) and UniProt created a more generalised set of guidelines to make
these standards useful for taxa beyond the cellular prokaryotes. The decision by the INSDC to offer these guidelines for adoption
by all submitters to their databases will greatly enhance the annotation of complete genomes and proteomes and ensure that the
user community can exploit these data to their full potential.

RESEARCH

Our research groups, which comprise around a quarter of EBI’s personnel, perform computational research into many different
biological questions, ranging from genome evolution and transcriptional regulation to systems modelling of basic biological
processes and disease. Bioinformatics continues to diversify, often led by the development of new technologies that generate
the need for new methods for data handling and interpretation. Our research groups are compact, typically with two or three
students and externally funded postdocs. Their research complements the broad remit of EBI’s service provision, benefitting
from the in-house technical expertise provided by the larger service teams and in turn helping to identify current challenges
for researchers using our data resources. Several service teams also incorporate a small research and development component.

Curiosity-driven research

While the EBT’s services focus on gathering and presenting comprehensive collections of information, much of our research
addresses how that information is used in living organisms to choreograph the processes of life. Some approaches adopt a
genome-wide approach, whereas others zoom in on specific processes.

Measuring microRNA expression. MicroRNAs (miRNAs) constitute an important class of regulatory molecules known to
play critical roles in development and disease. Paul Bertone’s group (see page 62) performed a large-scale analysis of leading
microarray platforms, next-generation sequencing and quantitative real-time assays to determine the relative accuracy of these
methods for the investigation of microRNA function (Git et al., 2010). This study provides the most comprehensive assessment
of its kind and reveals fundamental differences in the application of various technologies to RNA genomics.

MicroRNAs and regulation of red blood cell development. A collaborative effort between the Enright group (see page 64)
at EMBL-EBI and the O’Carroll Group in EMBL-Monterotondo (Rasmussen et al., 2010) used a combined computational and
experimental approach to study a pair of miRNAs that exist as a cluster, and the influence of this cluster on the development of
red blood cells. By knocking out the cluster and comparing gene-expression patterns in knockout versus wild-type mice, they
found that miR-451 had a stronger effect on regulation of red blood cell development but both miRNAs contributed. A large set
of predicted functional targets of the miRNAs is being further analysed for other downstream functional effects.

The relationship between nuclear pores and active regions of the genome. Nick Luscombe’s group (see page 70) has shown
that the nuclear pore components Nup153 and Megator bind to a quarter of the Drosophila genome in the form of chromosomal
domains (Vaquerizas et al,, 2010). These domains represent active regions of the genome. The group used extensive three-
dimensional image analysis to show that pools of these proteins from both within and outside the nucleus contribute to these
domains. This implies that chromosomal organisation by nuclear pore proteins could contribute to global gene-expression
control.

Understanding membrane-pore specificity. Using previously developed tools for membrane-pore analysis, the Thornton
group (see page 74) completed a study of the specificities of aquaporins (water channels), showing that specificity is related
to the electrostatic potential along the channel. Specific electrostatic fingerprints were observed for the aquaporin subfamilies
(according to their permeability to water and/or glycerol) and for the potassium-channel family. This simple approach gives a
better understanding of specificity in this important family of transporters and explains the effects on function of some disease-
related mutations (Oliva et al., in press).

Global analysis of gene expression. By integrating gene expression data from an unprecedented variety of human tissue
samples, Alvis Brazma’s team (see page 20) and their collaborators produced the world’s first global map of gene expression
(Lukk et al., 2010). The analysis used data collected from 163 laboratories worldwide involving 5372 human samples from
various tissues, cell types and diseases. Most transcriptomics experiments compare gene expression in only a few cell types or
conditions and although technically challenging, integrating this data on a large scale has created a new way for scientists to
explore gene expression.

Rewiring of gene regulation. Paul FliceK’s group (see page 26) contributed to a study that directly interrogated the evolutionary
mechanisms of transcription factor binding using matched experiments in liver tissues across 300 million years of evolution
(Schmidt et al., 2010). Contrary to expectation there is little conservation in the location of transcription factor binding,
and the conservation that is observed appears associated with embryonic development. Despite this significant rewiring of
transcriptional regulation, these factors still manage to maintain the largely conserved gene expression and function of liver
tissue.
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Resources developed for research

The EBI’s research aims to develop new ways to understand biology through bioinformatics. Some of this research involves the
development of new resources that enable our research groups to answer these biological questions. In the EBIs spirit of open
access, these resources are made openly available to other researchers.

Phylogeny-aware multiple sequence analysis. Nick Goldman’s group (see page 66) has released the webPRANK server
(http://tinyurl.com/webprank). This is built upon the PRANK multiple sequence aligner developed by Ari Loytynoja and Nick
Goldman (Loytynoja and Goldman, in press). PRANK is ‘phylogeny aware’: its inferences about insertion and deletion events
are informed by the evolutionary relationships of the sequences being aligned. Alignments are a cornerstone of sequence
analysis, and PRANK alignments have been shown to be superior for various downstream evolutionary analyses.

Circuit diagrams for biologists. Nicolas Le Novére’s group (see page 68) has contributed towards the development of SBGN
- a visual notation equivalent to ‘circuit diagrams’ for biologists (Le Novére et al., 2009). Developed by a community of
biochemists, modellers and computer scientists, SBGN consists of three complementary languages: process descriptions, entity
relationships and activity flows. Together they enable scientists to represent networks of biochemical interactions in a standard,
unambiguous way.

Standardising the scientific literature. Dietrich Rebholz-Schuhmann’s group (see page 72) has coordinated the creation
of the CALBC Silver Standard Corpus (Rebholz-Schuhmann, 2010). This is a large-scale repository of documents that have
been annotated with different semantic types (e.g. genes, proteins, diseases, chemical entities, species). Annotations have been
harmonised through pair-wise or multiple alignment of tokens and their semantic tags. This new standard will facilitate the
linking of different semantic types to their relevant primary data resources - a previously unsolved problem.

COORDINATION OF MAJOR EUROPEAN PROJECTS

Europe has always been at the forefront of bioinformatics research, but as we move towards the European Union’s goal of
a single European Research Area there is a greater need than ever for bioinformatics experts and experimental biologists
throughout Europe to work together to achieve common goals. As well as serving the biological research community by
providing Europe’s core biological data resources, the EBI coordinates Europe’s bioinformatics service providers, effectively
adding value by distributing effort. One of our most significant projects in this respect is ELIXIR, the nascent European life
sciences infrastructure for biological information.

PAN-EUROPEAN INFRASTRUCTURES: ELIXIR

The purpose of ELIXIR is to create a sustainable infrastructure for biological information in Europe. This is pivotal for
academic and industrial research as Europe tries to find solutions to the Grand Challenges of providing healthcare for an aging
population, securing a sustainable food supply and protecting the environment. It is also of vital importance if Europe is to
retain a competitive pharmaceutical sector.
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Figure 3. ELIXIR’s hub-and-nodes model.



The preparatory phase of ELIXIR has been funded by the EU. In October 2006 the European Strategy Forum on Research
Infrastructures (ESFRI), a body set up by 33 countries at the initiative of the European Council, published its first roadmap.
This identified 35 pan-European research infrastructure projects that are of key importance for the development of science and
innovation. One was an upgrade of Europe’s bioinformatics infrastructure. When the European Commission (EC), through
its Seventh Framework Programme (FP7), committed funds to preparatory-phase ESFRI projects, EMBL-EBI coordinated
an application for ELIXIR. Funded via a €4.5 million grant, the project runs from 2008 to 2011 and involves 32 partner
organisations from 13 EU Member States. ELIXIR is both a research infrastructure and an e-infrastructure, and works closely
with other infrastructures (see below) to ensure that biomedical research data is managed in a consistent way. It is one of very
few ESFRI preparatory-phase projects considered to be of global significance.

Major achievements

In August 2009 the UK’s Biotechnology and Biological Sciences Research Council (BBSRC) awarded £10M (approximately
€11.5 M) to EMBL-EBI to initiate the construction of the ELIXIR European data centre. This will enable the EBI - as the hub of
a larger, distributed, pan-European infrastructure - to continue serving its core data resources while addressing the increasing
demand to perform ever-more sophisticated analyses of data sets that are growing at supra-exponential rates. As part of this
effort, the Systems and Networking Team (see page 86) has begun the phased relocation of major EBI services to the new data
centre.

The data centre has a geographically distributed topology to protect against local disaster, provides high-level security
(equivalent to that for processing credit-card payments) and is sited very close to high-bandwidth internet connections. This
is a major step forward, not least because it helps secure the short-term provision of Europe’s core data resources for biological
research — and their deployment through ELIXIR - while ensuring the robustness and availability of our services, which is
essential for our users.

The BBSRC funding sends a powerful message showing UK support for the ELIXIR concept, which will undoubtedly be critical
for the construction phase. Welcome as this generous grant was, the London data centre project represents only a short-term
solution to Europe’s growing data-infrastructure needs. Our efforts are now focused on finding ways to ensure that funding will
be available for the continuing development of the data centre so that it may fulfil the expectations of European life-science and
medical researchers well into the future.

The consultation phase brought to light an almost universal desire to see ELIXIR distributed across Europe. Although technically
challenging, this approach is believed to be the best way to attract funding; to optimise growth and flexibility; and to benefit
from local collaborations with pre-existing centres of excellence. The ‘hub-and-nodes’ concept (see Figure 3), with the hub
being part of the EBI, has been endorsed by the ELIXIR Steering Committee. Several European countries have put ELIXIR on
their national roadmaps for research infrastructure, and some (Sweden Finland, Denmark and Spain, in order of commitment)
have already committed funds to prepare for the construction of ELIXIR nodes.

The design stage of the ELIXIR Technical Hub Building was completed during the reporting period. If funded, this new building
will accommodate the ELIXIR Secretariat, the staff who will operate the ELIXIR European Data Centre, the ELIXIR Industry
Translational Facility and a training facility. We are seeking funding to commence construction as soon as possible. This is a
crucial step for ELIXIR for without it there will be nowhere to house the staff - and therefore no ELIXIR.

An open call for suggestions for ELIXIR’s nodes was issued in April 2010 and has received an overwhelmingly positive response:
at the time of publication 23 countries have submitted 54 suggestions. These will be considered by the Steering Committee,
not for scientific or technical review (this is the role of the member state funding agencies) but to begin mapping ELIXIR’s
landscape and considering the process by which it will be constructed. In 2011 ELIXIR will set up a consortium of countries
that are interested in joining; this group will develop a process for deciding which sites are best suited to ensuring a stable data
infrastructure, and how they will be funded.

In light of the limited EC funds available for research infrastructures, securing commitments from national funders - and
impressing upon them the importance of biological data to Europe’s future economic prosperity — is absolutely essential. We
are therefore preparing, with input from the funding agencies, a business case and other legal documents. We continue to build
awareness of ELIXIR amongst policymakers, and are dedicated to securing the commitment of the EC and EU Member States
to funding ELIXIR’s construction and operation.

The current version of the ESFRI roadmap includes ten biomedical science research infrastructures, and three new ones are
about to be added. In addition to coordinating ELIXIR, EMBL-EBI is involved in defining data infrastructures for several others.
These include InfraFrontier (the European infrastructure for phenotyping and archiving of model mammalian genomes),
EU-Openscreen (the European infrastructure of open screening platforms for chemical biology) and the European Marine
Biological Resource Centre.

INVOLVEMENT IN OTHER MAJOR PAN-EUROPEAN INITIATIVES

The Innovative Medicines Initiative (IMI), Europe’s largest public—private initiative, aims to speed up the development of better
and safer medicines for patients. IMI supports collaborative research projects and builds networks of industrial and academic
experts in order to boost pharmaceutical innovation in Europe. IMI is a joint undertaking between the EU and EFPIA (the
European Federation of Pharmaceutical Industries and Associations). EMBL-EBI is involved in several IMI projects.
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EMTRAIN, which involves the original six ESFRI biomedical science research infrastructures, is building a platform for training in
medicines research; the EBI contributes to the project as a representative of ELIXIR. We are also contributing to the IMI-affiliated
eTox project, which aims to improve drug safety by applying bioinformatics and cheminformatics data-mining approaches to
discover or optimise computational safety prediction methods. The EBI is also developing an infrastructure to encode, process
and exchange pharmacokinetics and pharmacodynamics models used in drug discovery for the IMI project DDMoRe.

EMBRACE

EMBL-EBI coordinates a number of EU-funded projects and is a regular partner in many others. Lack of space precludes us
from discussing every project here; however, one project, EMBRACE, deserves special mention as it was successfully completed
in 2010.

The past decade has seen a series of paradigm shifts in the life sciences. One such shift is from hypothesis-driven to data-
driven research. The vast amounts of -omics data and, more importantly, the many different types of data (e.g. genomics,
transcriptomics, proteomics, epigenomics, metabolomics) require a second paradigm shift: life scientists must collaborate on
a grand scale to achieve progress. EMBRACE, an EU-funded network of excellence with 17 partners in 11 countries, began in
February 2005. The EMBRACE partners realised early on that this new way of working requires novel technologies for data
and software interoperability. The partners have developed standards, test cases, and fully fledged solutions that address this
challenge. These require new ontologies, data-exchange formats and protocols, and ways to deal with the massive computational
tasks at hand.

EMBRACE solutions, now widely accepted in the European bioinformatics community, include the SOAP protocol for web
service usage; a large series of test cases illustrate the power of this concept. The EMBRACE web service registry, which has
now been incorporated into the Biocatalogue, lists nearly 1000 freely accessible web services. The growing use of EDAM, the
EMBRACE ontology for bioinformatics web services, is a testament to its importance to the development of future semantic
web applications.

Perhaps the most important aspect of EMBRACE is that it got European developers in this field to discuss interoperability
issues openly and to agree on a single standard, rather than working alone on a large number of incompatible ones. EMBRACE
project partners are the opinion formers in this field, and will continue discussing and collaborating on these topics long after
the successful completion of the project in January 2010. That will be very beneficial for bioinformatics, for the life sciences and
for Europe as a whole.

SELECTED REFERENCES
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Protein and
Nucleotide Data

Rolf Apweiler Ewan Birney

Joint Team Leader, Joint Team Leader, PANDA
PANDA Group (Proteins) Group (Nucleotides)

PhD University of PhD Sanger Institute, 2000.
Heidelberg, 1994. At EMBL-EBI since 2000.

At EMBL since 1987, at
EMBL-EBI since 1994.

DESCRIPTION OF SERVICES AND RESEARCH

The Protein and Nucleotide Data (PANDA) group was created in June 2007 by merging the former Ensembl (Ewan Birney) and
Sequence Database (Rolf Apweiler) groups. The PANDA group focuses on the production of protein-sequence, protein-family
and nucleotide-sequence databases at EMBL-EBI. We maintain and host the European Nucleotide Archive (ENA), the Ensembl
and Ensembl Genomes resources, the UniProt protein resource, the InterPro domain resource and a range of other biomolecular
databases. These efforts can be divided into three major groups: nucleotides, proteins, and chemionformatics and metabolism.

In addition to PANDA activities, both the Birney and Apweiler groups have complementary research components. Substantial
training and outreach efforts are also part of the PANDA group’ activities. Various external service aspects of the PANDA
group’s activities are described by Rodrigo Lopez (see External Services, page 88). The activities of the Vertebrate Genomics,
Ensembl Genomes, ENA, Proteomics Services, InterPro, UniProt, ChEMBL, and Chemoinformatics and Metabolism groups
are also described separately.

SUMMARY OF PROGRESS

*  Handled a growing amount of nucleotide and protein data;

*  Launched the ChEMBL database, which now contains 3 million experimental bioactivities and approximately 750 000
compounds;

*  Launched the DGVa database for copy-number and structural-variation data;

*  Launched Ensembl Plants and Ensembl Fungi, completing the set of Ensembl Genomes portals spanning the taxonomic
space;

*  Launched the European Nucleotide Archive;

*  Provided three new InterPro data sources via the Distributed Annotation System (DAS) protocol - including new data
from the PRIAM (predicting enzyme families) database;

*  Updated the InterPro web interface to show matches to the automatically generated portion of Pfam (Pfam-B);

*  Received 576 ChEBI submissions from 16 individual external users and developed a bulk submission tool to allow
programmatic provision of submitted data;

*  Implemented two new UniProt interfaces: BioMart and DAS;

*  Released OrChem, our open-source chemical-search cartridge for Oracle™.

PANDA NUCLEOTIDES (Ewan Birney)
Strategy

DNA sequence remains at the heart of molecular biology and bioinformatics. In 2010 we continued to see a progressive shift
towards using high-throughput, ‘next generation’ sequencing technologies; this has affected all teams. We also launched the
ENA, which provides a single, integrated set of resources to nucleotide archives, from short reads through to traditional
assembled sequence entries. Other highlights include the release of the 1000 Genomes Project pilot data (see Paul Flicek, page
26) and expansion of the Ensembl Genomes platform across many more species.

Ewan Birney provides strategic oversight across the three main branches of the PANDA Nucleotides Group: Vertebrate
Genomics (including Ensembl), led by Paul Flicek; Ensembl Genomes, led by Paul Kersey; and the ENA, led by Guy Cochrane.
In addition, the HUGO Gene Nomenclature Committee (HGNC), a smaller group coordinated by Elspeth Bruford, is part of
PANDA Nucleotides and is presented here. The key organising principle across all groups is to coordinate resources for each
genome sequence of a species in the best possible way.

www.ebi.ac.uk/panda | www.ebi.ac.uk/RESID



A key difference between the groups is the provenance of the data. In the case of the ENA, the content is determined by the
submitter; any added-value information is provided as an additional resource. These data can be redundant and conflicting
but represents the foundational DNA dataset on which all genomic and nearly all protein sequence is based. This dataset is
coordinated by virtue of the International Nucleotide Sequence Database Collaboration (INSDC), forming a single, worldwide
coordinated set of information with partner groups at NCBI and DDB]J. In contrast, the Ensembl and Ensembl Genomes
resources are community-led, and we aim to present a single, non-redundant view of a species’ DNA information organised
around its genomic sequence. In this case, decisions are made (via interactions with the community) based on the optimal
representation of information that will provide the most utility to users. In the human genome, an important component of this
community is the unambiguous assignment of gene symbols, which allows researchers to use memorable names for genes in
scientific communication. This is provided by the HGNC group.

HUGO Gene Nomenclature Committee (HGNC)
Elspeth Bruford, Louise Daugherty, Susan Gordon, Michael Lush, Ruth Seal, Matt Wright

The HUGO Gene Nomenclature Committee (HGNC) is the only worldwide authority that assigns standardised human gene
nomenclature, and remains an essential component of human gene and genome management. The HGNC has two overriding
goals: to provide a unique name and symbol (abbreviation of the name) for every human gene, and to ensure this information is
freely available, widely disseminated and universally used. Achieving these goals involves three key components: bioinformatic
analysis of nucleotide and protein sequences, curation of online resources and communication.

Our curation of online resources involves a database comprising individual gene records containing the gene name, symbol and
relevant information (e.g. cDNA sequence, chromosomal location, key publications, links to other databases). Our on-going
communication efforts include consultation with researchers; coordinated naming of orthologous genes with nomenclature
groups in other species; exchanging data with numerous databases; and raising awareness of the resource within the scientific
community. During the reporting period HGNC staff have attended seven international conferences, including the 59th Annual
American Society of Human Genetics Meeting, where we shared a booth with the Human Genome Organisation (HUGO).

Gene naming has continued to focus on the increasing number of genes identified by the CCDS project, with less than 50 of an
estimated 18 650 genes in the CCDS set still awaiting an HGNC-approved gene symbol. As of October 2010 there were a total
of 29 801 approved gene symbols, an increase of over 1550 in the past year. This is largely due to the increased assignment of
names for non-protein-coding RNA genes and the naming of pseudogenes based on the pseudogene.org dataset.

LR

2! Ensembl workshop
IJ UniProt workshop
Combined workshops

Figure 1. Heatmap: countries are coloured according to access to Ensembl and EBI resources, with the UK, USA, Germany, Spain, France, Netherlands, Italy,
Sweden Japan and Switzerland in the Top 10, respectively. Locations hosting training activities between July 2009 and June 2010 are overlaid.



PANDA PROTEINS (Rolf Apweiler)

STRATEGY

The activities of the PANDA proteins teams centre on providing public access to all known protein sequences and functional
information about these proteins. The UniProt resource provides the centrepiece for these activities. Most of the UniProt sequence data
is derived from translation of nucleotide sequences provided by the ENA and Ensembl. All UniProt data undergoes annotation with
Gene Ontology (GO) terms (see Maria-Jesus Martin, page 40, and Claire O'Donovan, page 44) and uses the classification into protein
families and domains provided by InterPro (see Sarah Hunter, page 30). We add information extracted from the scientific literature
and curator-evaluated computational analysis whenever possible. The combined InterPro and literature annotation forms the basis for
automatic approaches to annotating all the sequence data without experimental functional data. Protein-interaction and -identification
data is provided to UniProt by the IntAct protein—protein interaction database and by the Protein Identification (PRIDE) database (see
Henning Hermjakob, page 28).

The UniProt, Gene Ontology Annotation, InterPro and Proteomics services are described separately by their own team leaders. The rest
of this section details the RESID project, which directly reports to Rolf Apweiler.

RESID
John S. Garavelli

The RESID Database of Protein Modifications (Garavelli, 2004) is a comprehensive collection of annotations and structures for protein
modifications and cross-links. It provides systematic and alternate names, atomic formulas and masses as well as enzymatic activities
that generate the modifications, keywords, literature citations and cross-references to GO, ChEBI, PSI-MOD, PDB, structure diagrams
and molecular models. RESID documents the controlled vocabulary for natural protein modifications in the feature-table annotations
of UniProtKB and supplements the modification descriptions with more detailed information. It was used during the initial phase of the
UniProt project in merging the feature annotations of Swiss-Prot and the PIR, and in designing new standard annotations. In September
2010, quarterly release 63 contained 532 entries for chemically unique protein modifications.

Information-retrieval projects bring to light original reports for new types of modifications and for newly found modifications in
additional proteins; the gathered information contributes to the annotation of UniProtKB by describing the newly discovered
modifications, producing standard feature annotations for them and predicting their occurrence in other entries through automated
annotation. As an internet resource, RESID helps high-throughput proteomics researchers to find monoisotopic masses and mass
differences, to identify known and predicted protein modifications and to suggest the modified sequences from alternative isobaric
peptides that are the most consistent with current knowledge of natural modifications. RESID is a contributing component of the
Proteomics Standards Initiative ontology of protein modifications (PSI-MOD), maintained by John Garavelli for the PSI and PRIDE.

OUTREACH AND TRAINING (Rolf Apweiler and Ewan Birney)

Outreach
Xosé M. Ferndndez, Jeff Almeida-King, Bert Overduin, Michael Schuster, Giulietta Spudich

Delivering quality workshops remains a priority within the PANDA group, and this effort enhances EMBL-EBI's training (i.e. the EBI
hands-on and roadshow series). We have extended our workshops to serve more countries: 26 countries hosted PANDA training events
during the reporting period (see Figure 1). This year, we conducted a series of workshops and seminars in several cities throughout
Australia: Adelaide, Brisbane, Canberra, Melbourne and Sydney. We conducted our first-ever training events in Morocco, Poland,
Slovenia, South Korea and Thailand. In total, we participated in 156 courses (see Table 1).

Table 1. PANDA courses, June 2009 - July 2010.

Resource Number of Courses
Ensembl (VectorBase, Ensembl Genomes) 93
Proteomics (UniProt, InterPro, IntAct, PRIDE) 23
Sequence databases (ENA, GOA) 7
Pathways (Reactome, ChEBI) 7
EMBL-EBI (Roadshows and Hinxton-based workshops) 26

Trainee Programme

As part of EMBL-EBI’s training mission, the PANDA group runs an active trainee programme. Undergraduates and postgraduate
(usually Marie Curie fellows) join PANDA for a period of 3 to 12 months, applying their theoretical knowledge to practical problems.
This year the group has hosted 12 trainees and 7 visitors (see Table 2), who worked on a broad variety of projects. Several project outputs
have become part of EMBL-EBI’s production process and resulted in co-authorships in publications and conference contributions.



Table 2. Trainee Programme participants

Trainee
Jigisha Anupama

Laura Daniels

Host institution
Indian Institute of Science, Bangalore, India

University of California, Davis, USA

Focus/Team
ChEBI

Proteomics Services

André Fauré University of Cape Town, South Africa Ensembl
Mirko Ferraiolo Universita degli Studi di Napoli, Italy ChEMBL
Gavin Ha University of British Columbia, Canada Ensembl
Kalaivanii Jayaseelan Vellore Institute of Technology, India ChEBI
Duan Lian East China University of Science and ChEBI

Thomas Maurel

Nelson Ndegwa

Technology, Shanghai, China

University of Manchester, UK

Vertebrate Genomics

Reactome, Proteomics Services

Laurence Newman Post-secondary student IntAct, Proteomics Services

Eric Pfeiffenberger Austria IntAct, Proteomics Services

Andreas Schoenegger FH Hagenberg, Austria PRIDE, Proteomics Services

Sander Timmer University of Amsterdam, the Netherlands  Analysis of 1000 Genomes data,

Vertebrate Genomics

Jose Maria Villaveces Parda = Universidad de la Sabana, Colombia DASTY Protein DAS client, Proteomics Services

APWEILER RESEARCH

Rolf Apweiler is currently supervising one PhD student, Joe Foster. Another PhD student working under his supervision, Garth Ilsley,
successfully concluded his work and submitted his thesis during the reporting period.

Joe Foster: Investigating the application of peptide retention time for improved transition selection in Single
Reaction Monitoring

Single Reaction Monitoring (SRM) has been utilised in the small molecules field for over 30 years, and has more recently been used for
proteomics. While the majority of high-abundance proteins are readily characterised by SRM, the difficulties lie with selecting likely
transitions for proteins of low abundance. It is understood in the field that detection of peptides of low abundance proteins by mass
spectrometry is thwarted by peptides of high-abundance proteins that can competitively interfere with the ionisation and detection of
less abundant peptides. Using predicted retention time information of peptides derived from low abundance proteins of interest, and
comparing these predictions to the actual Total Ion Chromatograms of the sample being measured, transition selection can be performed
in context of the actual sample background. As a result, peptide candidates can be selected that represent the best chance for detection in
the mass spectrometer, giving the experimentalist optimal conditions to successfully identify and quantify proteins of interest.

Garth lIsley: Modelling gene regulation in Drosophila development using quantitative in situ hybridisation data

The idea of morphogen gradients encoding positional information for a developing organism has long been discussed in the field of
developmental biology, but quantitative models that relate measured transcription factor concentrations to enhancer activity have been
proposed only recently. This is largely thanks to recent methods that combine in situ hybridisation with image analysis to produce
quantitative data at cellular resolution. One example is the Berkeley Drosophila Transcription Network Project, which includes the
gene expression levels of almost 100 genes in approximately 6000 nuclei over a key period of development. We developed a statistical
model from these data that recovers known regulatory relationships and suggests new ones. Importantly, it shows that transcription
factor concentrations alone are sufficient for encoding positional information in the early Drosophila embryo. The best-fitting models
are suggestive of an underlying cis-regulatory module structure. Further work building on these results will be both computational and
experimental.

BIRNEY RESEARCH

Ewan Birney’s research group focuses on algorithmic methods for genome analysis and the use of genetic association techniques to
understand basic biology. Ewan Birney is currently supervising three PhD students: Markus His-Yang Fritz, Dace Ruklisa and Sander
Timmer. The group also includes one joint EIPOD postdoc, Mikhail Spivakov.

Markus Hsi-Yang Fritz: Hominid segmental duplications and repeat evolution

We created a robust, scalable, segmental duplication pipeline that can find duplication regions reliably and in reasonable time. Using
diagnostic subsequences from this discovery pipeline and other resources, we can probe large-scale short-read data to understand the
distribution of such duplications in the absence of assemblies. This allows the use of both low-coverage data (e.g. the 1000 Genomes
data) and other resources (e.g. Neanderthal information).



Dace Ruklisa: Large-scale association studies: from inference framework to effects

We have been using more involved statistical models to explore the relationship between genotype and phenotype. Using
Drosophila oocytes, we have converted in situ images of 40 different isogenic lines into a complex array of 114 different
phenotypes. We can use these phenotypes together with the known genotypes of these individuals to find associations. By
carefully separating the components of variance specific to an individual (as opposed to a strain) we can discover a variety of
robust genotype-to-phenotype associations. In human data, we explored statistical subsampling techniques to generate richer,
multi-SNP models for associations.

Sander Timmer: Association studies in the development of Drosophila and humans

We are looking at genetic variation in fundamental processes of Drosophila development, in particular gene expression in the
early embryo and in human skeleton development. To that end, we are working with the Furlong laboratory at EMBL Heidelberg
to perform a large-scale expression quantitative trait loci (eQTL) study focused on early development, and obtaining robust
measurements of human skeletal phenotypes using MRI scans.

Mikhail Spivakov: EIPOD project — Drosophila mesoderm development

Using ChIP-chip - and more recently ChIP-seq — from Drosophila mesoderm at a variety of time points, we are studying
how the Drosophila developmental system specifies organogenesis. We have started to analyse the effects of individual genetic
variation on developmental cis-regulatory networks in the fly. The distribution of variation in Drosophila is varied (as expected)
and includes variation in fundamental genetic components, including development. In addition to clear evidence of negative
selection on developmentally important motifs, there are intriguing signals of potential positive or balancing selection. This is
a joint project with the Furlong laboratory at EMBL Heidelberg.

FUTURE PROJECTS AND GOALS

We intend to improve integration and synchronisation of all PANDA resources. In addition to major improvements of our
current systems, we will add mining of high-throughput genomics and proteomics datasets to our automatic annotation
toolset. Despite the abundance of data from large-scale experimentation on a genome-wide level (e.g. expression profiling,
protein—protein interaction screens, protein localisation), the systematic and integrated use of this type of information for high-
throughput annotation of proteins remains largely unexplored. We therefore intend to build on on-going research activities at
EMBL-EBI to develop and assess new protocols to integrate and analyse functional genomics datasets for the purpose of high-
throughput annotation of uncharacterised proteins. This will include: analysing different data types regarding their suitability
for the approach; developing data structures that allow the efficient integration and mining of data of different types and quality;
benchmarking the obtained results; and applying the new methodologies to UniProtKB/TrEMBL annotation.

SELECTED REFERENCES
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Functional Genomics

Alvis Bramza

PhD in Computer Science,
Moscow State University, 1987.
Postdoctoral research at New
Mexico State University, USA.
At EMBL-EBI since 1997.

INTRODUCTION

The Functional Genomics Team includes the teams led by Misha Kapushesky, Helen Parkinson, Ugis Sarkans and a number of
staff reporting directly to Alvis Brazma. The teams focus on functional genomics data services; research in functional genomics
data analysis; algorithms and methods; and research and development related to biomedical informatics. We run one of the
EBIs core resources, ArrayExpress, which comprises the Archive of Functional Genomics Data and the Gene Expression Atlas.
We have released a new core resource: the BioSample Database, which eventually will hold information about all samples and
phenotypes deposited in any of the core databases at EBI. Our PhD students focus on analysing functional genomics data,
building models for systems biology and developing new methods and algorithms. Integration of data across multiple platforms,
including genotypes, is another important area of activity. We also substantially contribute to training in transcriptomics and
the general use of EBI tools.

GENE EXPRESSION ATLAS (Misha Kapushesky, pp. 32)

The Gene Expression Atlas, part of the ArrayExpress infrastructure, allows users to query gene expression by gene names
or properties (e.g. gene ontology terms) or by tissue types, cell types, disease states or other conditions where the genes are
expressed (Kapushesky et al., 2010).

*  Released an open-source, stand-alone version of Atlas software, accompanied by several data releases (more than 5500
experiments loaded into the Atlas for 16 species, including microRNA expression and RNA-seq data sets) — the software
has been adopted by several external groups.

*  Launched the R Cloud Service, providing RNA-Seq processing via the ArrayExpressHTS R package as well as a general-
purpose environment for statistical analysis.

www.ebi.ac.uk/biosamples | www.ebi.ac.uk/arrayexpress | www.ebi.ac.uk/gxa | www.ebi.ac.uk/efo



ARRAYEXPRESS PRODUCTION (Helen Parkinson, pp. 48)

The Functional Genomics Production Team manages data content, user interaction for the core EBI databases, the ArrayExpress
Archive, the Gene Expression Atlas and the new BioSamples database.

* Loaded over 400 sequencing-based functional-genomics experiments into ArrayExpress, a data-loading pipeline
established with the European Nucleotide Archive and the European Genome-pheonome Archive.

*  Curated over 2500 experiments in the Gene Expression Atlas and issued regular releases of Experimental Factor Ontology.

ARRAYEXPRESS DEVELOPMENT (Ugis Sarkans, pp. 52)

The software development team builds and maintains several major components of the ArrayExpress infrastructure.

*  Built a new ArrayExpress data management infrastructure (to enter service in late 2010).

*  Maintained the existing infrastructure, facilitating the 10-fold growth of ArrayExpress archive over the past four years.

*  Significantly evolved the ArrayExpress Archive user interface to provide a more robust and richer service.

BIOSAMPLE DATABASE & BIOMEDICAL INFORMATICS

Julio Fernandez Bannet, Marco Brandizi, Mike Gostev, Maria Krestyaninova, Eamonn Maguire, Helen Parkinson, Philippe Rocca-
Serra, Susanna-Assunta Sansone, Ugis Sarkans, Nataliya Sklyar

The BioSamples Database is designed to contain information about biological samples used in experiments (e.g. sequencing,
genotyping, gene expression, proteomics, metabolomics), the data from which are stored in other EBI databases. BioSample
users can reference a particular set of biological samples (e.g. commonly used cell lines or mouse strains) from many different
experiments. These biosamples can be either actual physical samples (e.g. blood) or sources of such samples (e.g. cell lines,
animal strains or anonymised human individuals). The data will be exchanged between databases at EBI and NCBI such that
all biosample information will appear in both resources; the space of the accession numbers will be shared between the two
databases. The main development work was done by Mike Gostev; however, it also involves the ArrayExpress Development and
Production teams and has benefited enormously from earlier work on the SIMBioMS system, led by Maria Krestyaninova, and
work on the ISA infrastructure, led by Susanna Sansosne.

*  Released a prototype of the BioSample Database in May 2010 and a public version in September 2010.

RESEARCH
Nils Gehlenborg, Angela Gonzales, Misha Kapushesky, Margus Lukk, Helen Parkinson, Gabriela Rustici, Holly Zhang-Bradley

Our on-going research projects are related to regulation of gene expression and analysis of large-scale functional-genomics
data. The focus is on understanding how gene expression depends on molecular regulatory mechanisms as well as on genetic
and experimental factors. We are also interested in transcriptomic/genomic associations with human diseases. In particular,
we are interested in integrative approaches that draw on the vast amounts of public data collected in ArrayExpress and other
EBI resources.
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Figure. The 5372 samples are shown as dots, colour-coded for the six major clusters identified by comparing gene-expression profiles. The left and right
panels are projections of the same 3D shape viewed from two different perspectives.



*  Published the Human Expression Map (Lukk et al., 2010), which drew on data collected from 163 laboratories worldwide
involving 5372 human samples from various tissues, cell types and diseases;

*  Completed the Mouse Expression Map, analysed across more than 1000 samples and compared with the human map
(Zheng-Bradley et al., submitted);

*  Published research on genome-wide association to disease and genetic regulation of gene expression, in particular for
type 2 diabetes (Rung et al., 2009);

*  Published research on gene regulation in the fission yeast Schizosaccharomyces pombe (Aligianni et al., 2009) in
collaboration with Jiirg Bahler’s group at University College London;

*  Developed an R/Bioconductor package, ArrayExpressHTS, for pipeline analysis of RNAseq data from raw data to
estimated transcript levels (manuscript in preparation);

*  Submission of PhD thesis: Nils Gehlenborg’s work on visualisation and pattern detection in large-scale biological
datasets;

*  Completion of PhD thesis: Katherine Lawler’s work on transcriptional and post-transcriptional regulation of gene
expression in fungal species;

*  Published a study of CD8+ T cell transcription signatures (which predict prognosis in autoimmune disease) showing
that transcriptional profiling of purified CD8(+) T cells identifies two distinct subject subgroups, predicting long-term
prognosis in two autoimmune diseases (McKiney et al., 2010).

TRAINING

Tomasz Adamusiak, Ibrahim Emam, Angela Goncalves, Emma Hastings, Misha Kapushesky, Margus Lukk, Gabriella Rustici,
Eleanor Williams

*  Organised and participated in over 30 training events;

*  Secured funding to repeat the EMBO course on analysis and informatics of transcriptomics data, one of the most successful
training workshops at EBI in the past year;

*  Contributed to the development of several training resources, including the EBI'’s forthcoming eLearning portal.

FUTURE PROJECTS AND GOALS

In 2011 we will work on populating the BioSample Database with all data from EBI assay databases, accepting reference layer
datasets and securing data exchange with NCBI. We also plan to increase the throughput of the sequencing-based functional-
genomics data, including RNAseq datasets into the Expression Atlas. We will continue our work with medically relevant
collaborative projects. Further research into integrative data analysis will concentrate on using next-generation sequencing
data, integrating genotype and gene expression data and building systems biology models.

SELECTED REFERENCES
Kapushesky, M., et al. (2010) Gene Expression Atlas at the European Bioinformatics Institute. Nucleic Acids Res. 38 (Database issue), D690-D698.
Lukk, M., et al. (2010) A global map of human gene expression. Nature Biotechnol. 28, 322-324.

McKinney, E.E, et al. (2010) A Cd8+ T cell transcription signature predicts prognosis in autoimmune disease. Nat. Med. 16, 586-591.

Zheng-Bradley, X., et al. (2010) Large-scale comparison of global gene expression patterns in human and mouse. Genome Biol. (submitted).
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The European
Nucleotide Archive

Guy Cochrane

PhD University of East Anglia, 1999.
At EMBL-EBI since 2002.

Team Leader since 2009.

DESCRIPTION OF SERVICES

The European Nucleotide Archive (ENA) provides globally comprehensive primary data repositories for nucleotide sequencing
information. ENA content spans the spectrum of data, from raw sequence reads through assembly and alignment information to
functional annotation of assembled sequences and genomes. Services for data providers include interactive and programmatic
submission tools and curation support. Data consumers are offered a palette of services - including sequence similarity search,
text search, browsing and rich integration with data resources beyond ENA - provided both over the web and through an
increasingly sophisticated programmatic interface. All ENA services are supported with helpdesk services and a growing
training capacity. These services are focused towards users who approach ENA data and services directly and those who
provide secondary services (e.g. UniProt, Ensembl, Ensembl Genomes, ArrayExpress) that build on ENA content. Reflecting
the centrality of nucleotide sequencing in the life sciences and the emerging importance of the technologies in applied areas
such as healthcare, environmental and food sciences, ENA data and services form a core foundation upon which scientific
understanding of biological systems has been assembled and our exploitation of these systems will develop. With an on-going
concentration on data presentation, integration (within ENA and with resources beyond it), tools and services development,
the team’s commitment is to the utility of ENA content and the broadest reach of sequencing applications.

SUMMARY OF PROGRESS

*  Enhanced support for raw data obtained from both novel sequencing platforms and newly developed methodologies for
existing platforms;

*  Provided engineering improvements to sequence similarity search service;
*  Analysed next generation sequencing trends and continued to work on projecting growth and developing strategic responses;

*  Engineered core technologies to serve data to users, including data indexing and delivery services, Java object model
development, XSLT and Google web toolkit development;

*  Improved user interfaces and rolled out enhanced functionality;
*  Developed improved and more robust validation technology for incoming data;
*  Established training course and developed training materials;

*  Worked to build the ENA community by running workshops and delivering training.

MAJOR ACHIEVEMENTS

In May 2010 we launched the European Nucleotide Archive, which brings together the EBI’s existing and newly developed
nucleotide sequence repositories into an integrated service. Underlying resources include the long-established EMBL-Bank
database for nucleotide sequence and functional annotation; the Trace Archive for raw data from capillary sequencing platforms,
which was established a decade ago at the Wellcome Trust Sanger Institute and is now maintained at the EBI as part of ENA;
and the newly established Sequence Read Archive for raw data from next generation platforms. Services to users included in
the launch cover data submission, presentation and analysis tools.

The cornerstone of the service is the ENA Browser, which was first made available in beta late in 2009 and was put into
full production as part of the ENA launch. Offering intuitive and integrated access across all ENA holdings - from raw data
to assembled sequence and annotation — browser functionalities include graphical assembly and feature annotation views; a
navigation box that supports browsing into related ENA records and into records in third-party resources; and options to view
and download data in a number of formats. Alongside the interactive browser service are programmatic services, including
REST support for appropriate ENA data and access to large datasets through FTP and Aspera channels.

Access to and analysis of data through new search services were also featured in the ENA launch. Specifically, we have
provided a single point of entry for accession retrieval across all ENA data types and have built text-based search functions

www.ebi.ac.uk/ENA



using underlying EBI Search technology. For sequence similarity search, we have built and put into service a rapid search
service that is comprehensive across all ENA assembled sequences. Having extended the underlying technology, we have also
launched an experimental sequence similarity search against unassembled read data. In addition to rolling out these major
developments to our services, we continued to provide rapid turn-around of incoming sequence data in the face of aggressive
data growth. Indeed, we have responded to this growth with extensive enhancements to the ENA submissions infrastructure.
For example, we launched a template-based submissions system for EST, 16S rRNA, ITS, COI and un-annotated WGS and now
support FASTA and feature table upload for data providers submitting genome-scale data. For submitters of raw data from next
generation sequencing platforms, we implemented REST submission functionality.

Following the ENA launch, we delivered a public prototype of the Taxonomy Portal, which provides a taxonomic point of entry
into ENA data. This service provides instant access to all ENA data holdings for a given taxon and, optionally, all taxa below it.

FUTURE PLANS

In the coming year, we will develop extensively the ENA’s data presentation services, including the browser, our programmatic
services and the internal data indexing structures that feed these services. This will require work at the level of the underlying
technologies (e.g. sequence similarity search) and the provision of new services and data portals, such as support for read
alignments and high-level assembly services. We will take strong direction from the growing user base as to where we should
focus these improvements. Our submissions services will be enhanced in a number of ways. We will develop an interactive
submissions tool for smaller-scale next generation sequencing studies tailored to the needs of the smaller biology laboratory
submitting community. We will develop support for third-party validation of incoming next generation sequence data to
provide better integration with such submission services as that operated by ArrayExpress. Finally, we will work with our
international partners to provide better coverage of genome assembly information to support the genome browser community.
The many challenges and opportunities brought by next generation sequencing technologies will continue to influence our
strategic thinking. Technical developments will certainly continue to be required to support the aggressive growth of data from
these platforms. In addition, we will heighten our response to the ever-increasing penetrance of sequencing as a general assay
platform that has arisen from rapidly falling costs; here, we will deepen our use of our model in which domain-specific services
(e.g. submission and presentation tools) are delivered collaboratively on top of more generic core repository services that are
maintained solely by the ENA team.

SELECTED REFERENCES

Leinonen, R., et al. (2010) Improvements to services at the European Nucleotide Archive. Nucleic Acids Res. 38, D39-D45.

Shumway, M., Cochrane, G. and Sugawara, H. (2010) Archiving next generation sequencing data. Nucleic Acids Res. 38, D870-D871.
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Figure. The ENA browser. (A) assembly and functional annotation; (B) navigation box taken from an mRNA sequence record, showing links to a taxonomic
record for the source organism, links to historical versions of the sequence record and external links to gene and transcript records in Ensembl and a record in
the H-Invitational Database; (C) taxon-centric view for a genus, showing links to sequence data and associated information and lineage information.



Vertebrate Genomics

Paul Flicek

DSc Washington University,
2004. Honorary Faculty Member,
Wellcome Trust Sanger Institute
since 2008. At EMBL-EBI since
2005, Team Leader since 2008.

DESCRIPTION OF SERVICES AND RESEARCH

We are a combined service and research team focusing on: genome annotation, archiving and distributing variation data,
creating and deploying large-scale bioinformatics infrastructure, computational epigenomics and comparative regulatory
genomics. Our major service projects include the Ensembl project, the European Genome-phenome Archive (EGA), EBI’s
mouse informatics team, the DGVa database of structural and copy-number variation and the data-management activities of
the 1000 Genomes Project.

SUMMARY OF PROGRESS

*  Issued four releases of Ensembl, incorporating the annotation of the newest version of the human genome assembly as
well as comprehensive updates across the project;

*  Launched the DGVa database for copy-number and structural variation;
*  Completed the 1000 Genomes pilot project and released all of the resulting data prior to publication;

*  Published 34 papers in peer-reviewed journals, spanning the breadth of the research and service sides of the group.

MAJOR ACHIEVEMENTS
Services

The Ensembl project creates high-quality resources for chordate genomes and provides this information in a consistent and
accessible infrastructure centred on the Ensembl genome browser. Over the past year we released four comprehensive updates
including the genome annotation of the updated human genome GRCh37 assembly, which provided extensive community
resources for comparative genomics, variation, genome regulation and bioinformatics infrastructure. We introduced the first of
a series of new Ensembl interactive tools to facilitate genome analysis and, to maximise the value and reuse of our software and
data, we published a collection of Ensembl methods papers in the open-access literature.

The mouse informatics team released the CREATE project website as a central collection of all known Cre recombinase driver
lines required for tissue/cell-specific and temporal control of mouse gene knockouts produced by the International Knockout
Mouse Consortium (IKMC). These data, and others representing specific mouse phenotypes, are searchable via federated
queries using the BioMart platform.

The EGA database has expanded and now contains data for more than 80 studies. Over 1500 researchers have registered for
and been granted access to one or more EGA data sets. In early 2010, we launched the DGVarchive, a repository database
for copy-number and structural variation data. The DGVa is a peer archive with the dbVar database at NCBI, and works in
collaboration with the Database of Genomic Variants (DGV) project at the University of Toronto to produce curated reference
sets of structural-variation data.

The 1000 Genomes Project, a flagship international project, continued to build its comprehensive catalogue of all common
human variation. Over the past year the project scope expanded to a planned 2500 samples sequenced by the end of 2012.
We completed the analysis of the data from the pilot phase of the project, released all pilot project data openly to the scientific
community in advance of publication and publicly released data from the 700+ samples making up the main project, with more
data being deposited at the EBI every day.

The emergence of new DNA sequencing technologies has led to rapid discoveries in human variation. To facilitate the sharing
and understanding of these data we have been involved in the creation of relevant data standards; specifically, the development
of the Locus Reference Genomic (LRG) standard for the stable reporting of genome-variation data associated with diagnostic
data and locus-specific databases, and the Genome Variation Format (GVF) standard for the representation and annotation of
variation data. Both standards were published in the open-access literature in 2010.

www.ebi.ac.uk/vg



Research

The team addressed questions related to the evolution of transcriptional regulation, cell-type specificity and epigenetic
phenomena. The past year has seen two major results. A project jointly led by Petra Schwalie from EMBL-EBI and Dominic
Schmidt from Duncan Odom’s laboratory at the University of Cambridge described a tissue-specific role for non-CTCF-
associated cohesin sites in the genome. This result, demonstrated in MCF?7 breast cancer cells and HepG2 liver-derived cells,
suggests that the cohesin protein complex associates with tissue-specific transcription factors to ensure proper conformation of
DNA in promoter regions regulated by tissue-specific master regulators (see Figure).

A second collaborative project with the Odom lab, jointly led by Benoit Ballester (EMBL-EBI), Dominic Schmidt and Michael
Wilson (both at the University of Cambridge), described experimentally for the first time the evolutionary dynamics of
transcription-factor binding. This was done by mapping the DNA-binding locations of two transcription factors in the livers of
animals from across vertebrate evolution, from chicken to human. The results showed a surprisingly small number of shared
sites through evolution, and demonstrated that the majority of all binding sites are lineage specific in the species tested. This
challenges long-held opinions of the roles of conserved sequence in the genome and explains recent single-species results
showing that many transcription-factor binding sites do not exhibit sequence conservation.

FUTURE PLANS

Over the next year we plan to expand our support of high-throughput DNA sequence data being generated in a number of
international projects. The full 1000 Genomes Project will sequence nearly 2000 individuals by mid-2011. We will continue to
be the primary data managers for this project and will incorporate the results into the Ensembl resources. Additional sequence
data from the US-led ENCODE project and similar data from the International Human Epigenome Consortium will form the
core of Ensembl’s regulatory and functional annotation of the genome. The International Cancer Genome Consortium (ICGC)
plans to deposit all data generated in Europe, Canada and Asia in the EGA and we will develop new methods to provide secure
distribution this data to cancer researchers. Our research projects will continue to explore the evolution of transcriptional
regulation, with experiments focused on relatively short evolutionary time scales for both human and other model organisms.
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Figure. Cohesin binding events associated with CTCF are cell-type invariant (A), while cohesin locations not associated with not associated with
CTCF binding are associated with tissue-specific master regulators (B, MCF7 breast cancer cells and oestroegen receptor; C, HepG2 liver
cells and CEBPA). [From Schmidt, D., Schwalie, P.C., Ross-Innes, C.S., et al. (2010) A CTCF-independent role for cohesin in tissue-specific

transcription. Genome Res. 20:578-588.]



Proteomics Services

Henning Hermjakob

Dipl. Inf (MSc) in Bioinformatics, University
of Bielefeld, 1996. Research Assistant at the
National Centre for Biotechnology (GBF),
Braunschweig, Transfac Database team.

At EMBL-EBI since 1997.

DESCRIPTION OF SERVICES

The Proteomics Services team develops tools and resources for the representation, deposition, distribution and analysis of
proteomics and related data. We follow an open-source, open-data approach: all resources we develop are freely avail-
able. The team is a major contributor to the Proteomics Standards Initiative (PSI) of the international Human Proteome
Organization (HUPO). We provide reference implementations for the PSI community standards, in particular the PRIDE
proteomics identifications database and the IntAct molecular interaction database. We provide the Reactome pathway database
in collaboration with New York University and the Ontario Institute for Cancer Research. In the context of the EU Virtual
Physiological Human project, we contribute to the development of an interoperability framework that bridges physiology and
molecular biology.

As a result of long-term engagement with the proteomics community, journal editors and funding organisations, proteomics
data deposition in PSI-compliant data resources such as IntAct and PRIDE is becoming a strongly recommended part of
the publishing process. This has resulted in a rapid increase in the data content of our resources. In addition, the Proteomics
curation teams ensure consistency and appropriate annotation of all data, whether from direct depositions or literature curation,
to provide the community with high-quality reference datasets.

We also contribute to the development of data integration technologies using the Distributed Annotation System (DAS) and
web services across a range of European projects, including Apo-Sys, LipidomicNet, SLING, ENFIN and ProteomeBinders.

SUMMARY OF PROGRESS

*  In the context of the HUPO Proteomics Standards Initiative (PSI), contributed to a series of community standard
documents on gel electrophresis (Hoogland et al, 2010, Gibson et al, 2010), protein-affinity reagents (Bourbeillon et al,
2010, Gloriam et al, 2010) and mass spectrometry (Martens et al, 2010);

*  Co-authored a series of publications with third parties, focussing on use of PSD data in external data analysis and
analysis tools (Perreau et al., 2010, Antonov et al., 2010, Lee et al., 2010);

*  Oversaw the growth of the Proteomics Identifications Database (PRIDE) to more than 100 million mass spectra;

*  Started the FP7 project RICORDO (coordinated by PST), which aims to integrate models and ontologies related to
medical physiology and human anatomy - also contributed substantially to the EU-funded Virtual Physiological Human
(VPH) project.

MAJOR ACHIEVEMENTS

The PSI Molecular Interactions workgroup collaborates with several key molecular interaction data providers to synchronise
their curation efforts and provide non-redundant datasets curated to common standards. InAct is an active member of the
International Molecular Exchange consortium (IMEX), which started full production mode and released a common website in
February 2010. Other members of the consortium include DIP (University of California Los Angeles, USA), MINT (University
of Rome, Italy), MatrixDB (University of Lyon, France), Molecular Connections Inc. and MPIDB (J. Craig Venter Institute,
USA).

Based on the PSI molecular interaction standards, we developed the PSI Common Query Interface (PSICQUIC), a common
query API for molecular interaction databases. PSICQUIC was released in 2010, providing access to more than 15 million binary
interaction evidences from 16 different sources, including protein-protein interactions, protein-small molecule interactions,
and simplified pathway data (Aranda et al., submitted).

IMEX and PSICQUIC are supported by an EU grant, PSIMEX, which the Proteomics Services Team coordinates. With the PSI
molecular interaction formats well established and widely used in the community, the IMEx consortium in production mode
and the widespread adoption of the PSICQUIC interface, we have achieved the core target of the PSIMEx grant: the global
coordination and integration of major molecular interaction data resources.

www.psidev.info | www.reactome.org



In collaboration with major proteomics data providers (e.g. PeptideAtlas, Peptidome, UniProt, University of Ghent, University
of Liverpool, ETH Zurich, University of Michigan, Wiley-VCH) we developed a concept for regular proteomics data exchange
between key repositories. The resulting ProteomeXchange EU grant is under negotiation (June 2010).

Following a comprehensive review in 2009, we completely redeveloped the Reactome web site. The new Reactome (in beta
testing as of June 2010) provides interactive pathway diagrams for all Reactome pathways, improved pathway-analysis tools and
close integration with molecular interaction data via the PSICQUIC interface.

FUTURE PLANS

After rapid development and achievement of major milestones in the molecular interaction domain, we now need to consolidate
the achievements, selectively open the IMEX collaboration to new partners and develop advanced tools to take advantage of
detailed IMEX curation and the integrative PSICQUIC interface. A major challenge is the complete redevelopment of the
PRIDE database, necessary to cope with the rapid increase in data content but also to turn PRIDE from a publication-centric
repository to a key source for protein expression information. Beyond the technical challenges of data quantity, the two major
conceptual challenges are to capture the very diverse quantitative proteomics data and to develop quality criteria to enable
the selective export of high confidence PRIDE data to other resources like UniProt, Reactome or integrative data analysis
tools. We plan to intensify data integration within and beyond the projects of the Proteomics Services team, in particular
using web services and the DAS. We will also continue to integrate Reactome pathways and IntAct molecular interactions, as
well as integrating PRIDE and IntAct, to enable efficient data deposition and navigation between molecular interactions and
underlying mass spectrometry data. We will continue our successful collaboration with all PSI partners, in particular with
journals and editors, to encourage data producers to make their data available to the community through public databases by
utilising community-supported standards.

SELECTED REFERENCES

Martens, L., et al. (2010) mzML - a community standard for mass spectrometry data. Mol. Cell. Proteomics (in press). DOI: 10.1074/mcp.R110.000133.
Perreau, V.M., et al. (2010) A domain level interaction network of amyloid precursor protein and Abeta of Alzheimer’s disease. Proteomics 10, 2377-2395.

Lee, K, et al. Mapping plant interactomes using literature curated and predicted protein-protein interaction data sets. Plant Cell. 22, 997-1005.

Gloriam, D.E,, et al. (2010) A community standard format for the representation of protein affinity reagents. Mol Cell Proteomics 9, 1-10.
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InterPro

Sarah Hunter

MSc. University of
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EMBL-EBI since 2005.

DESCRIPTION OF SERVICES

The InterPro team coordinates the InterPro, CluSTr and Metagenomics projects at EMBL-EBI. InterPro is used to classify
proteins into families and predict the presence of domains and functionally important sites. The project integrates signatures
from the major protein signature databases into a single resource, and currently includes data from Pfam, PRINTS, PROSITE,
ProDom, SMART, TIGRFAMs, PIRSE, SUPERFAMILY, CATH-Gene3D, PANTHER and HAMAP. During the integration
process, InterPro rationalises instances where more than one protein signature describes the same protein family/domain,
uniting these into single InterPro entries and noting relationships between them where applicable. Additional biological
annotation is included, together with links to external databases such as GO, PDB, SCOP and CATH. InterPro precomputes
all matches of its signatures to UniProt Archive (UniParc) proteins using the InterProScan software, and displays the matches
to the UniProt KnowledgeBase (UniProtKB) in various formats, including table and graphical views and the InterPro Domain
Architectures view.

InterPro has a number of important applications, including the automatic annotation of proteins for UniProtKB/TrEMBL
and genome-annotation projects. InterPro is used by Ensembl and in the GOA project to provide large-scale mapping of
proteins to GO terms. The CluSTr project aims to cluster all UniProtKB proteins and protein sets from complete genomes. The
resulting clusters and similarity scores are accessible via a web interface. The new metagenomics portal is intended to provide
metagenomics researchers with access to EBI's functional analysis pipelines, links to data archives (e.g. the ENA) and a web
interface to manage and visualise these data.
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SUMMARY OF PROGRESS

* InterPro - new data: issued seven major releases of the database, consisting of 2033 new entries incorporating 2401
signatures; also, also added new data sources to the web interface, including links to the PRIAM enzyme resource and
Pfam-B (automatically generated HMMs from Pfam);

* InterPro - new interfaces: provided a new DAS source for InterPro, serving InterPro matches to UniProt and UniParc
protein sequences, also extended the Biomart to include UniParc data;

* InterPro - new software: released InterProScan v4.6 (signature scanning software) and beta version of InterProScan v5 to
a small numbers of testers;

* InterPro - migrated to HMMERS3 for Pfam searches.
*  CluSTr - added new data sets for model organism databases (TAIR and SGD);
*  CluSTr - upgraded to Paralign algorithm.

MAJOR ACHIEVEMENTS

InterPro has fulfilled its goal of releasing its data to the public in sync with alternate UniProtKB releases. Because of this, the
data provided to users is more consistent and available more frequently. In the course of seven major releases, we integrated
over 2400 signatures from our member databases. The last of the releases in this period (v27.0) covers 95.2% of UniProtKB/
Swiss-Prot proteins, 77.7% of UniProtKB/TrEMBL and 78.5% overall for UniProtKB (Swiss-Prot and TrEMBL).

During the latter part of 2009, the Pfam database began using the HMMERS3 search algorithm, which is far faster than its
predecessor, to search its models against sequences. As a consequence of the algorithm’s increased sensitivity to more remote
homologs, significant additional curation efforts went into ensuring that the data already integrated into the InterPro database
was still valid and correct. A welcome additional consequence of the move to using HMMER3 is that we are now able to
calculate matches against Pfam-B. Pfam-B models are automatically generated from the ADDA database and provide coverage
of protein space that the manually curated Pfam-A models do not. These Pfam-B matches are now visible in the InterPro web
interface. In addition, data from the PRIAM resource was linked from relevant InterPro entries, providing more information
about enzyme families. The InterProScan software package (available for download and for use via EBI services) has been
updated to utilise HMMER3 and to reflect changes in signature scanning algorithms (the February 2010 release is 4.6). InterPro
data is now also available to users via a number of interfaces. The existing BioMart (Smedley et al., 2009), which allows users
to create complex queries against InterPro data and download the results in a variety of formats, has been expanded to include
UniParc proteins. The MyDAS technology has been used to develop a new DAS service for InterPro data on top of the BioMart.
InterPro data available in this manner includes matches to both UniProtKB and UniParc proteins.

CluSTr had a single release during the reporting period, providing 3 636 831 744 similarities for 9 450 285 UniProtKB sequences
(v15.6) and 17 616 060 clusters. The Smith-Waterman algorithm utilised by CluSTr was also updated (to Paralign 5.0). Some
additional data sets for model organisms (TAIR and SGD) were added to the protein sequences and similarities and clusters
made available for them.

A metagenome represents the DNA complement of an entire community of organisms existing either in the environment or
on a host species. Thanks to the advent of High-Throughput Sequencing (HTS) technologies, these organisms can now be
characterised at the nucleotide level; however, the data produced is large in volume and often fragmented. EMBL-EBI aims to
provide a comprehensive resource for metagenomic sequence analysis; the project to build it was begun in late 2009. The major
work thus far has been to investigate the state-of-the art algorithms available for performing analysis on these kinds of data and
to piece together a pipeline to be used by researchers in characterising their metagenomics data.

To ensure that our services are reaching their target users, the InterPro team organised and actively participated in 11 different
roadshows, workshops and training events in Europe and the US during the reporting period.

FUTURE PLANS

A new version of InterProScan, which has an entirely different Java- and database-based architecture at its core, is almost ready
for public release. We anticipate this will happen in early 2011. We have added improved algorithms for transmembrane helix
and signal peptide prediction to the software, as well as making it more modular and robust. The InterPro website is also being
redeveloped to make it more intuitive for users. We have carried out prototyping and usability testing on the new designs and a
first release of the interface will occur in late 2010. The focus now for the metagenomics portal is the design and implementation
of a web interface to allow users who have submitted their data for analysis and archiving to be able to manage and interact
with their data. We hope to have a basic interface available by the end of 2010, with further improvements and enhancements
- including better submission and visualisation tools — throughout 2011.
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DESCRIPTION OF SERVICES/RESEARCH

The Functional Genomics Atlas Team develops and runs the Expression Atlas database and the R Cloud service. The Expression
Atlas is a value-added database of transcriptomics datasets, providing semantically rich searches and visualisations of gene
activity in curated public data from the ArrayExpress Archive. The R Cloud is the cloud-computing infrastructure used by the
Atlas and offered as a remotely accessible R statistical analysis environment service to external users. We provide the Expression
Atlas as stand-alone software capable of storing various types of -omics data. Through collaborations with the European
Nucleotide Archive (ENA) group, we have developed support for storing next generation sequencing studies in the Atlas. The
Atlas Team conducts research in the area of functional genomics data analysis and integration with our collaborators in the
EU-funded SYBARIS project on biomarkers of antifungal drug resistance and disease susceptibility.

SUMMARY OF PROGRESS

*  Released an open-source, stand-alone version of Expression Atlas software (accompanied by several data releases) that
has been adopted by many external groups;

*  Developed several novel visual and analytical features in the Atlas, including anatomogram displays of gene expression
patterns (see Figure);

*  Loaded more than 5500 experiments into the Atlas for 16 species, including microRNA expression and RNA-seq data
sets and comprising nearly 140 000 samples, using the R Cloud framework for on-the-fly data pre-processing;

*  Launched the R Cloud Service, providing RNA-Seq processing via the ArrayExpressHTS R package as well as a general-
purpose environment for statistical analysis.

MAJOR ACHIEVEMENTS

Our main task is to create an infrastructure for organising and querying multiomics data. The Gene Expression Atlas, which can
be applied to diverse transcriptomics data in the public domain, is just the beginning. During the reporting period, considerable
effort went into making the Atlas available for stand-alone installations. This resulted in the deployment of a new infrastructure
able to accommodate high data volumes and faster throughput in curation processes: the number of experiments loaded into
the Atlas grew rapidly from about 1000 in January 2010 to more than 5500 in October 2010. Since then, we have focused our
efforts on improving support for data types other than microarray transcription profiling, namely RNA-seq and proteomics.

Atlas Software and data releases occur monthly. The software, which comes with a set of interfaces for dataloading and processing,
is frequently downloaded from our GitHub site. Within four months of its release, several major academic organisations and
pharmaceutical companies have installed and are using our freely available, stand-alone Atlas. The software is used not only to
run the public EBI Atlas but also serves to manage data for the SYBARIS project.

Following the launch of the Expression Atlas, we successfully integrated several novel features in the software. These include the
ArrayExpressHTS pipeline (Bioinformatics, under review) for processing RNA-seq data integrated with the ENA; the inclusion
of a global map of a human gene expression dataset (Lukk et al., 2010) in the Atlas interface with special analytics; and the
development of anatomogram visualisations and advanced data filters. The new Atlas web interface benefits from integration
with the Experimental Factor Ontology (EFO; Malone et al., 2010), which is used to improve queries, result displays and
underlying statistical analyses. EFO releases, developed by the Functional Genomics team, are timed to coincide with Atlas data
releases, ensuring rich annotation to the latest version of the ontology.

The R Cloud, launched at the MGED 2010 conference in August 2010, powers distributed computations in the Atlas. We are
now offering it as a limited service for external users. Within the R Cloud users can pre-process datasets with the RNA-seq
pipeline and submit the results to ArrayExpress Archive. Our group manages public mirrors of R software archives CRAN and
Bioconductor. The R Workbench provides a complete development environment for R, including a syntax-highlighting editor,
console, graphics device and help browser. The R Cloud serves as a comprehensive platform for collaborative data analysis.

www.ebi.ac.uk/fg



The end of 2009 marked the kick-oft of SYBARIS, an FP7 collaborative research project coordinated by the Atlas Team. In
SYBARIS, eight European partners are studying the interaction of fungal pathogens and the human and mouse immune
systems with the aim of elucidating markers of antifungal drug resistance and understanding genetic components of disease
susceptibility. The Atlas team is responsible for overall project management as well as for data acquisition and meta-analysis. In
collaboration with SYBARIS partners we submitted for publication a study of cryptic mistranslation in yeast as well as a broad
review of systems biology approaches to infectious disease.

FUTURE PLANS

Stand-alone Atlas deployment leads naturally towards the development of a distributed, federated query model. We have built
a first prototype of the Distributed Atlas and plan to expand on this project, integrating diverse multiomics data types starting
with transcriptomics, proteomics and eventually adding metabolomics datasets. Building on the analytics back-end of the Atlas,
we plan to extend it to support complex, multifactorial experiment designs, gene set enrichment analysis with published gene
signatures and a sample-based similarity search across Atlas experiments. R Cloud will be further integrated with the Atlas to
promote easier online data sharing, processing and analysis. Next generation sequencing data support features prominently in
Atlas plans, as well as integration with other EBI resources (e.g. Ensembl, ENA, EGA). Together with the Rebholz Group, we are
also developing semantic web features (e.g. RDF export) for the Atlas.

SELECTED REFERENCES

Goncalves, A., et al. (2010) ArrayExpressHTS: distributed computing for RNA-seq data processing and quality assessment. Bioinformatics (submitted).
Kapushesky, M., et al. (2010) Gene Expression Atlas at the European Bioinformatics Institute. Nucleic Acids Res. 38 (Suppl 1), D690-698.
Lukk, M., et al. (2010) A global map of human gene expression. Nat. Biotechnol. 28, 322-324.

Malone, J., et al. Modeling sample variables with an Experimental Factor Ontology. Bioinformatics 26, 1112-1118.
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Figure. One year after the launch of the Gene Expression Atlas service at the EBI, we open-sourced the stand-alone Atlas software used to run it. Using
monthly downloadable public software, data and ontology releases, users can install the complete Atlas system locally and use it to load and view private
datasets together with the public data. The Atlas includes the global map of human gene expression as well as a pipeline for processing RNA-seq studies. The
R Cloud service, launched in summer 2010, provides remote access to Atlas data and the R cloud-computing environment on EBI servers.



Ensembl Genomes

Paul Kersey

PhD University of
Edinburgh 1995. At
EMBL since 1999. Team
Leader since 2008.

DESCRIPTION OF SERVICES/RESEARCH

The Ensembl Genomes team is responsible for providing services based on the genomes of non-vertebrate species. The falling
costs of DNA sequencing (for deciphering unknown sequences and assays of known sequences) have led to an explosion of
reference genome sequences and genome-wide measurements and interpretation. Ensembl Genomes (Kersey, PJ. et al, 2010)
provides five portals (for bacteria, protists, fungi, plants and invertebrate metazoa) offering access to these data through a set of
programmatic and interactive interfaces, which were originally developed in the context of the (vertebrate-focused) Ensembl
project. Collectively, the two projects span the taxonomic space.

The development of next generation sequencing technologies has led to the performance of complex and highly data-generative
experiments, now performed even in species studied only by small communities with little informatics infrastructure. Through
collaborating with the EBI and re-using our established toolset, such small communities can store, analyse and disseminate
data more cheaply and powerfully. Our leading collaborators include VectorBase (Lawson et al. 2009), a resource focused on
the annotation of invertebrate vectors (the EBI is a direct participant); WormBase; and Gramene. Our major areas of interest
include broad-range comparative genomics and the visualisation and interpretation of genomic variation, which is being
increasingly studied in species throughout the taxonomy.

Our interest in bacteria has led us to become involved in the development of Microme, a new resource for bacterial metabolic
pathways.
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Figure. Ensembl variation image from the SPB8 gene of Arabidopsis thaliana (encoding a squamosa promoter binding protein-box domain protein). The data
set is constructed from three programs to measure population wide variation, two of which are part of a program to completely sequence the genomes of
1001 individuals of this species (108 of which are currently available); the third is a chip-based assay of 214 000 known single-nucleotide polymorphisms
(SNPs) in a further 931 genomes. These efforts have so far identified over 7 million SNPs, over 500 000 insertion/deletion loci and over 200 million individual
genotypes. The Ensembl variation infrastructure includes support for visualising variation loci (and their effects on genes) in their genomic contexts (illustrated),
individual sequence and links to phenotype. A data-mining tool for variation data, using the BioMart data warehousing tool, is also available.

www.ensemblgenomes.org
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SUMMARY OF PROGRESS

*  Launch of Ensembl Plants and Ensembl Fungi in September 2009, completing the set of five Ensembl Genomes portals;

* Introduction of 6 new genomes to Ensembl Protists (Dictyostelium discoides, 2 diatoms and 3 Plasmodia), 23 new
genomes to Ensembl Metazoa, and 67 new genomes to Ensembl Bacteria;

*  Development of new visualisations of bacterial genomes and multi-way comparative analysis;

*  Release of databases for genomic variation for Arabidopsis thaliana, two strains of rice, grape, mosquito,
fruit fly and yeast;

*  Publication of the genome sequence and annotation of the body louse Pediculus humanus;

*  Commencement of work on two new EU-funded projects: MICROME (focused on bacterial pathways) and INFRAVEC
(focused on mosquito variation).

MAJOR ACHIEVEMENTS

The launch of the Ensembl Plants and Ensembl Fungi portals in September 2009 completed the set of five Ensembl Genomes
portals (Ensembl Bacteria, Protists and Metazoa having been launched a few months earlier). In total, we have made four
releases during the reporting period, expanding the number of species available through each of the portals and improving the
depth of data and the quality of the associated visualisations. New genomes included that of the human body louse, Pediculus
humanus, which was annotated by the team (Kirkness, E.F, et al. 2010). Areas of particular focus have included the development
of variation resources, especially for plants; our collaboration with colleagues at the Universities of Oxford and Bath, who have
been using next generation sequencing technologies to sample variation in the model plant Arabidopsis thaliana, has driven our
development in this increasingly important area. We have also improved the visualisation of bacterial genomes, providing a true
representation of circular chromosomes, and are developing new tools for multi-way genomic comparison. The incorporation
of RNA-seq data for the Aedes and Anopheles mosquitoes within our databases is a landmark achievement, symbolic of the
way that new data types are increasingly driving new developments in storage and visualisation. Another impact of NGS
technologies on the team’s activities has been the public release of Curtain, a new environment for sequence assembly we have
developed in response to the growing needs of our collaborators to assemble and annotate genomes.

FUTURE PLANS

In the next year, we should further increase the number of genomes included in Ensembl Genomes and plug the remaining
gaps in our taxonomic coverage. In particular, we have recently been awarded funding to establish PomBase, a new resource
for the fission yeast genome, and PhytoPath, a resource focused on phytopathogen genomes; we have also received funding to
work on the genome and variome of the wheat rust pathogen. In each case, we have partnered with leading research groups
who bring their knowledge of the biological domain to our collaborations. The genomes of bacteria are less well served by our
current models of data organisation than those of eukaryotes and a major restructuring of our services for these will occur soon;
this will result in significantly increased coverage of this kingdom within our resources. The public launch of Microme is also
expected before the end of 2011.

SELECTED REFERENCES
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Lawson, D, et al. (2009) VectorBase: a data resource for invertebrate vector genomics. Nucleic Acids Res. 37 (Database issue), D583-D587.

Kirkness, E.E, Haas, B.J., Sun, W,, et al. (2010) Genome sequences of the human body louse and its primary endosymbiont provide insights into the permanent parasitic
lifestyle. Proc Nat Acad Sci USA 107, 12168-12173.
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DESCRIPTION OF SERVICES

The Protein Data Bank in Europe (PDBe) is one of the six core molecular databases hosted by the EMBL-EBI. PDBe is also
the European partner in the Worldwide Protein Data Bank organisation (wwPDB), which maintains the single international
archive for biomacromolecular structure data. The other wwPDB partners are the RCSB and BMRB in the United States and
PDB;j in Japan. PDBe is a deposition and annotation site for the two major databases containing biomacromolecular structure
data: the Protein Data Bank (PDB) and the Electron Microscopy Data Bank (EMDB). Whereas the PDB is maintained by the
wwPDB partners, EMDB is a joint venture between PDBe, RCSB and Baylor College of Medicine. The work of PDBe, wwPDB
and EMDB is guided by scientific advisory committees (one for each organisation) that meet annually.

The major goal of PDBe is to provide integrated resources of structural data that evolve with the needs of biologists. To that
end, PDBe endeavours to: handle deposition and annotation of structural data expertly as a wwPDB and EMDB deposition site;
provide an integrated resource of high-quality macromolecular structures and related data; and maintain in-house expertise
in all the major structure-determination techniques (i.e. X-ray crystallography, Nuclear Magnetic Resonance spectroscopy,
Electron Microscopy).

SUMMARY OF PROGRESS
*  Processed a total of 1150 depositions to the PDB and 124 depositions to EMDB;

*  Completely redesigned the website, PDBe.org, taking a more user- and problem-oriented approach — a newly developed
Wizard helps novice users find the information they need;

*  Launched a series of browsers of the structural archive based on biologically intuitive classifications;
*  Launched PDBprints, which provides graphical summaries of PDB entries;
*  Dedicated considerable efforts to training PDBe users, running several roadshows for depositors across Europe;

*  Raised the profile of PDBe in the community through various communication and training activities.

Figure. Details of the drug-binding site in the
X-ray crystal structure of the complex of the
1918 influenza virus H1N1 neuraminidase and
Zanamivir (PDB entry 3B7E). The development
of Zanamivir was aided substantially by
knowledge of the three-dimensional structure
of its target, neuraminidase. The compound is
currently marketed by GlaxoSmithKline under
the trade name Relenza.

pdbe.org



MAJOR ACHIEVEMENTS

The PDBe team changed dramatically at the onset of the reporting period when Professor Gerard Kleywegt took over from
Dr Kim Henrick and many staff members reached their nine-year contract limit. After familiarising himself with the team, its
operations and its many collaborations, Gerard initiated and oversaw the introduction of new services and a complete overhaul
of the website. Although the turnover presented some challenges, the new composition of the group provided an opportunity
to shift the focus in new directions. The appointment in 2010 of Dr Tom Oldfield as a technical team leader with responsibility
for the PDBe databases and services further strengthened the leadership of the team.

In addition to processing 1150 depositions to the PDB, the team is collaborating with partners in the US and Japan to create a
common tool for handling deposition and annotation of structural data - using any technique or combination of techniques
- by all wwPDB and EMDB partners. One major outcome was the development of a prototype module to handle sequence
information, a substantial effort that required much of the underlying code and protocols to be in place. The new tool will
be used by all deposition sites from early 2012. The wwPDB partners also undertook a new round of remediation of the PDB
archive, focusing on biological assembly data, residual B-values and peptide-like inhibitors and antibiotics. As the legacy PDB
format can no longer properly describe large entries, a draft specification of a new and more flexible format was completed
in June 2010. Validation task forces were set up to advise wwPDB how best to assess the quality of deposited X-ray and NMR
structures; PDBe will carry out the implementation of the recommendations. Another task force was established to advise
wwPDB regarding the possible inclusion in the PDB of models based on small-angle scattering data.

The joint EMDB portal, EMDataBank.org, was redesigned and a new full-text search implemented. The maps currently held
by EMDB were remediated, which led to a much improved archive and a better match between maps and fitted models. In
addition, the visualisation program OpenAstexViewer was extended to cope with EM maps, tomograms and masks. We are
working with the community and relevant journals to make deposition of EM maps and models mandatory for publication. An
EM-specific validation task force was established and had its first meeting.

Our redesign of the PDBe website — and the addition of features specifically geared to non-expert users — has taken the service
up a notch. We launched a series of structural archive browsers that use biologically intuitive classifications such as EC, Pfam
and CATH. We also launched PDBprints, a service that provides graphical summaries of PDB entries that can be incorporated
on webpages and are used by PDBe on Atlas pages as well as in lists of search results.

We collaborate with a number of academic groups specialising in NMR, which has informed the development of new tools and
led to several publications. The deposition software was modified to support the mandatory deposition of chemical-shift data.
These relationships have also helped us to reorganise and vastly expand the content of PDBe’s NMR-specific web pages.

The PDBe team independently organises and runs several outreach and training activities. During the reporting period we
held nine roadshows for depositors in Finland, Germany, Slovenia, Sweden and the UK. Team members regularly presented at
professional meetings both in the UK and abroad (21 lectures, 8 posters) and published nine papers in the scientific literature.
We also issue news items routinely (particularly since the launch of the new website) to structural biology-related mailing lists
and bulletin boards, and have established a PDBe presence in social media.

FUTURE PLANS

We have several ambitious goals for the coming years: improving the image and awareness of PDBe in the biomedical
community; becoming the logical first stop on any quest for structural information; and transforming the structural archive
into a truly useful resource for biomedical and related disciplines. We will focus on the development of new services, tools and
resources in our five strongest or most promising areas: refinement of our advanced services such as PDBePISA, PDBeFold,
PDBeMotif and the new browsers; annotation, validation and visualisation of ligand data; integration with other resources;
validation and presentation of information about the quality and reliability of structural data; and exposing experimental data
in ways that help experts and non-experts alike understand the extent to which it supports the structural models produced.
New resources, tools and services as well as improvements to existing ones will be released in six-month cycles.

SELECTED REFERENCES
Velankar, S., et al. (2010) PDBe: Protein Data Bank in Europe. Nucleic Acids Res. 38, D308-D317.
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DESCRIPTION OF SERVICES

The Gene Ontology (GO) is a major bioinformatics initiative to unify the representation of gene and gene-product attributes
across all species. The aims of the Gene Ontology project are threefold: to maintain and further develop its ontologies of gene
and gene product attributes; to annotate genes and gene products, and assimilate and disseminate annotation data; and to
provide tools to facilitate access to all aspects of the data provided by the Gene Ontology project. The GO ontologies cover three
key biological domains that are shared by all species: the cellular component (the parts of a cell or its extracellular environment);
molecular function (the elemental activities of a gene product at the molecular level, e.g. binding or catalysis); and biological
process (operations or sets of molecular events with a defined beginning and end, pertinent to the functioning of integrated
living units, e.g. cells, tissues, organs, and organisms).

Groups participating in the GO Consortium include major model organism databases and other bioinformatics resource
centres. At EMBL-EBI, the GO Editorial Office plays a key role in managing the distributed task of developing and maintaining
the GO vocabularies. We contribute to a number of other GO project efforts, including web presence, software testing, user
support and education.

SUMMARY OF PROGRESS

*  Added logical definitions (a.k.a. cross-products) to GO for the first time, enabling the development of a tool for automatic
term addition;

*  Progressed toward alignment with and creation of cross-products to an external chemical ontology;
*  Developed ontology content in the areas of signalling, transcription and kidney development;

*  Established relationships between the biological process and molecular function ontologies.

MAJOR ACHIEVEMENTS

The Gene Ontology is dynamic: existing terms and relationships are augmented, refined, and reorganised as biological
knowledge advances. Major improvements have been made over the lifetime of the GO project in several areas of the ontology,
usually in consultation with experts in relevant subject areas. Table 1 shows the size (as of November 2010) of each of the four
ontologies maintained by the GO Consortium.

Table 1. Status of the GO vocabularies as of November 2010

Total GO Terms 32935
Molecular Function Terms 8893
Cellular Component Terms 2771
Biological Process Terms 19819

Significant changes introduced to GO in 2010 affect both biological and logical aspects of the ontologies: logical definitions
(also known as ‘cross-products’) have been added to GO for the first time, which has allowed for the development of a tool
for automatic term addition. We have made much progress toward aligning with and creating cross-products to an external
chemical ontology. We have also developed ontology content in the areas of signalling, transcription and kidney development.
In addition, relationships have been established between the biological process and molecular function ontologies.

We made considerable progress toward creating cross-products for GO terms (Mungall et al., 2010). These definitions help improve
computability and support more sophisticated tool development. Our work has concentrated on ‘internal’ cross-products, i.e.
those that define GO terms by referring to other GO terms. The first set of cross-products - between regulatory processes and
regulated processes or functions — were added to the GO file in early 2010. Subsequently, two further sets have been added:
biological processes involved in other biological processes, and cellular components that are part of other cellular components.

www.ebi.ac.uk/GO



As a result of these changes, we developed a tool - TermGenie - that allows users to add new GO terms that conform to a
cross-product template directly to the ontologies. Terms are automatically placed correctly within the ontology, and textual
definitions and synonyms are automatically generated. This tool reduces the workload for ontology editors and helps reduce
human error in the ontologies.

We generated cross-products to externally maintained ontologies that intersect with GO. To this end, we are active members of
the OBO Foundry (Smith et al,. 2007), a collaboration to establish a set of principles for ontology development with the goal of
creating a suite of orthogonal interoperable reference ontologies in the biomedical domain. Earlier this year, GO became one of
the founder sets of OBO Foundry ontologies.

The biggest effort over the past year went into aligning GO with the Chemical Entities of Biological Interest (ChEBI) ontology,
with the aim of generating cross-products between GO and ChEBI. This involved a two-day meeting with the ChEBI ontology
developers in September 2010 to reconcile some of the critical differences between the two ontologies. We hope the first ChEBI
cross-products will be added to GO early in 2011.

GO has traditionally comprised three orthogonal ontologies, but we have been working to add relationships between these
ontologies to enrich the biological representation. In 2010 we have added ‘part_of” relationships between the molecular-function
and biological-process ontologies. For example, we have made many transporter functions ‘part_of” their corresponding
transport process.

2010 has seen major improvements to the biological content of several areas of the ontologies; transcription and transcription
factors; signalling; and kidney development. The changes in these areas were developed in collaboration with biological experts,
often culminating in a face-to-face meeting such as the kidney development meeting, held at EMBL-EBI in January 2010.

FUTURE PLANS

The GO Editorial Office will continue to work closely with the rest of the GO Consortium and with biological experts to ensure
that the ontologies are comprehensive, logically rigorous and biologically accurate. Improvements begun or continued in 2010
on signalling, kidney development and other topics will therefore continue, and we intend to start developing terms in the area
of neurobiology. We will continue adding further sets of cross-products to GO, allowing us to improve TermGenie so that more
routine term addition can be done automatically. This will free up editing time for more complex, biologically detailed work.
These cross-product sets will include links to ChEBI, the first set of external cross-products to be added to GO. We also hope
to start making cross-products to the Cell Ontology on 2011. Additional links between the biological process and molecular
function ontologies will be created using new process-specific function terms.

SELECTED REFERENCES
Mungall, C.J., et al. (2010) Cross-product extensions of the Gene Ontology. J. Biomed. Inform. (in press). Published online 10 February; DOI: 10.1016/.jbi.2010.02.002.

Smith, B,, et al. (2007) The OBO Foundry: coordinated evolution of ontologies to support biomedical data integration. Nat. Biotechnol. 25, 1251-1255.
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DESCRIPTION OF SERVICES/RESEARCH

The Universal Protein Resource (UniProt) Development Team provides the bioinformatics infrastructure for this resource.
It is also responsible for maintaining and developing tools for the UniProt Curation Team. UniProt provides the scientific
community with a central repository of protein sequences with comprehensive coverage and a systematic approach to protein
annotation. It comprises four focused database layers (see Box), which incorporate, interpret, integrate and standardise data
from large and diverse sources; this makes it the most comprehensive catalogue of protein sequence and functional annotation.
During the reporting period, two Project Leaders were appointed: Sam Patient for software infrastructure and Alexander
Fedotov for database operations.

UniProt database layers

« UniProt Knowledgebase (UniProtKB) provides the central database of protein sequences with accurate, consistent and rich sequence and
functional annotation;

« UniProt Metagenomic and Environmental Sequences (UniMES) database is a repository specifically developed for the newly expanding area of
metagenomic and environmental data;

« UniProt Archive (UniParc) provides stable, comprehensive, non-redundant sequence collection by storing the complete body of publicly available
protein sequence data;

« UniProt Reference Clusters (UniRef) provide non-redundant data collection based on the UniProt Knowledgebase and UniParc in order to obtain
complete coverage of sequence space at several resolutions.

SUMMARY OF PROGRESS
*  Implemented new interfaces - BioMart and Distributed Annotation System (DAS) - to serve specific user requirements;
* Distributed new data sets of interest to our user community: UniParc and proteome data set downloads;

*  Implemented new annotation tools (automatic annotation, Gene Ontology and proteome editors) to support the
Curation Team;

*  Developed a solid data-import infrastructure to achieve consensus sequence annotation in collaboration with Ensembl,
PDB and RefSeg;

*  Consolidated software under a consistent Java infrastructure to accommodate and maintain growing amounts of data.

MAJOR ACHIEVEMENTS

The UniProt website provides documentation and tools to facilitate the search, identification and analysis of gene products. The
team is responsible for the database release pipelines as well as for the way data is represented on the public website. Special
emphasis is put on improving website usability, navigation and interfaces. Entry views have been revamped and fine-grained
customisation has been substantially improved.

The team has been working on various dissemination strategies to ensure that the information in UniProt is useful to a broad
user community with diverse scientific interests, requirements and levels of computational expertise. The BioMart service was
developed and released to give access to UniProt data while allowing users to formulate integrated queries across related data
in different resources (e.g. PRIDE, Ensembl and InterPro).

The UniProt protein DAS server has also been modified to accommodate the added functionality of the improved DAS
protocol. New commands such as ‘sources’ allow DAS clients to better understand the capabilities of the UniProt protein DAS
server. Error handling is now much more transparent, making it easier for DAS clients to communicate problems to its users.
Annotations have become less ambiguous, with the addition of ontology tags within the UniProt DAS responses. The UniProt
team has also concentrated on improving the quality of the information it supplies; changes made to the GOA data source allow
users to access previously unavailable, electronically inferred gene ontology terms.

www.uniprot.org



QuickGO is a fast, web-based browser that provides access to all information about GO terms and the GO annotations released
by the UniProtKB-GOA group. The tool has undergone a number of major internal architectural changes that allow it to
support standardised file formats (i.e. Gene Association and gp2protein files); link to external information sources; and lay the
foundations for a new, more user-friendly and intuitive user interface. QuickGO’s chart drawing module has been significantly
enhanced so that it now displays all relationship types and inter-ontology links.

The team works to improve the accuracy and representation of the UniProt databases and services. UniParc offers a complete
catalogue of protein sequences with their corresponding cross-references on a single site. UniParc is now available for text and
similarity searches through the UniProt web site. We also produced downloadable files in XML and FASTA formats in response
to user requests.

Complete, non-redundant proteome data sets of interest to our user community have been generated using UniProt and
Ensembl data. The provision of these data sets required new import pipelines from Ensembl and RefSeq; we integrated data
from the more frequently requested eukaryotic genomes (Homo sapiens, Mus musculus, Rattus norvegicus, Bos taurus, Canis
familiaris, Danio rerio and Gallus gallus).

The UniRule system for the automatic annotation of large volumes of uncharacterised proteins is of paramount importance
and represents a key development for the UniProt Consortium. To assist curators with the management of prediction rules,
which are central to the annotation process, we developed and tested a user-friendly rule curation tool. To maximize computer-
assisted rule development, this tool comprises components for information retrieval, model generation, automated-update
monitoring, statistical assessment, rule editing and visualisation.

A proteome annotation platform is under development to support the curators in efficiently monitoring completely sequenced
genomes as well as in handling annotations of their encoded proteins. With thousands of new genomes expected to be submitted
to the public databases, this editor is critical for automating the tracking of genome/proteome records and the standardisation
of their common annotations. In this context, the proteome editor will represent an annotation platform for the organisation
and management of the information related to a set of proteins encoded by completely sequenced genomes.

UniProt curators contribute annotations to the GOA project using the web-based Protein2GO curation tool. The Development
Team enhanced this tool so that it provides a variety of context-sensitive sanity checks, designed to ensure that all annotations
conform to guidelines laid down by the Gene Ontology Consortium. A second mode of operation has been introduced that
allows curators to work in a reference-centric fashion, rather than a protein-centric one. In this new mode, curators are able to
search for (and edit) all annotations that are associated with a given PubMed or DOI reference.

FUTURE PLANS

The team plans to finish integrating the automatic annotation systems developed by the three consortium members under
a single, unified database, rule-annotation tool and pipeline infrastructure. Once this has been established we will explore
data exchange mechanisms to provide the annotation communities with both annotation rules and the means to annotate
in our system. We will develop automatic systems to organise and visualise complete proteomes, which will allow users to
have a global genome/proteome and gene-product-centric view of the sequence space from which they can drill down to
the variations and annotations specific to each protein. The availability of large functional-genomics and proteomics datasets
requires improved data integration approaches. The team will cooperate with diverse data providers to develop and assess new
protocols for the exchange and integration of information in UniProt. We will also explore novel approaches to increasing
community participation, for example by providing easy-to-use mechanisms (e.g. DAS) for making data contributions.
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Literature Resources
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DESCRIPTION OF SERVICES

The scientific literature is a key component of the biomedical research life cycle. Providing new ways to access the literature,
within the context of other biomedical data resources, will be essential as the scientific community endeavours to organise
and make the best use of the flood of data promised by emerging sequencing technologies. The literature holds great promise
as a force for integrating information, as it contains the formal record of the community’s collective understanding of the
biomedical and related sciences. Meaningful links between data resources and the literature will equip researchers better for
data analysis, navigation and discovery. With several thousand new research articles published every day, linking articles to
each other - and to the broader scientific literature such as textbooks, theses and patents — will become a necessity if we are to
leverage the investment in scientific research to greater potential.

One approach to deeper integration is to identify terms of interest within research articles and use these to link similar papers
and related data resources. Text mining is a high-throughput approach to identifying biological terms in large volumes of text
data, providing a basis for the development of new search and browse applications. The continued refinement of text-mining
techniques, along with the growing portion of articles that are published as open access, will stimulate precise, deep linking
in the future.

The goal of the Literature Services at EMBL-EBI is to build text-based resources for the life sciences, integrated with other public-
domain data resources hosted at EMBL-EBI. To this end, we run the citations database CiteXplore, which contains around 25
million biomedical abstracts from sources such as PubMed (from the US National Library of Medicine), Agricola (from the
US National Agriculture Library), Patents (from the European Patent Office), Chinese Biological Abstracts (CAS-SICLS) and
CiteSeer. The database is updated daily and links to a number of EBI data resources, including UniProt, the European Nucleotide
Archive, InterPro, Intact and PDBe. We also calculate citation information for the records we hold: about 9.5 million of these
articles have been cited at least once; as such, ours represents one of the largest public-domain citation networks in the world.
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Figure 1. Overview of the activities of the Literature Services group.
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Our group has been a partner in UK PubMed Central (UKPMC), a project to build a repository of life-science research articles.
UKPMC was developed by EMBL-EBI, the British Library and the University of Manchester in close cooperation with PubMed
Central USA, and was produced by the NCBI. UKPMC currently contains close to 2 million full-text documents. The role
of our group in the project is to provide the citation and full-text search function, delivering counts, metadata and abstracts
to UKPMC via a web service. Also included in the package are the links and citation information mentioned above as well
as a ‘key terms summary’ consisting of named entities — genes, proteins, organisms, GO terms, accession numbers, diseases
and chemicals - identified by the Rebholz-Schuhmann group. These data populate the web pages of UKPMC, providing the
functions that set it apart from other similar resource and presenting opportunities for improved information-retrieval and
knowledge-discovery functions.

SUMMARY OF PROGRESS
*  Constructed UKPMC full-text index;
* Integrated text-mined biological terms into full-text content;

*  Launched UKPMC website in January 2010.

MAJOR ACHIEVEMENTS

The major achievements of the Literature Services are centred on the launch of the new UKPMC website in January 2010.
Moving UKPMC beyond its basic mirror function to PubMed Central, the new website is powered by the EBI Literature Web
Services. The truly novel aspect of development in the project (supplied by EMBL-EBI) is the ability to search both the full
text of articles in UKPMC and the citations in CiteXplore from one search box. The full-text index is enriched semantically
with biological entities, providing a basis for the future development of new search approaches. Since January, the group has
expanded the service to include more semantic enrichment and improved the search functions in response to user feedback.

FUTURE PLANS

Our group will build on the current programme of work, evolving UKPMC into a European-based resource that represents
European science, promotes open-access publishing and provides an alternative to PubMed Central. Key to realising this vision
is the development of a fast and reliable search, and the integration of the research articles with related data resources used
in scientific and clinical workflows. Furthermore, engagement with the European scientific community, both directly and via
existing publishing mechanisms, will help us to move towards building a public-domain content network across Europe.
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DESCRIPTION OF SERVICES

The Universal Protein Resource (UniProt) is a collaboration of the EMBL-EBI, the Swiss Institute of Bioinformatics (SIB) and
the Protein Information Resource group at Georgetown University Medical Center and the University of Delaware. Its purpose
is to provide the scientific community with a single, centralised, authoritative resource for protein sequences and functional
annotation. The primary mission of the consortium is to support biological research by maintaining a freely accessible, high-
quality database that serves as a stable, comprehensive, fully classified, richly and accurately annotated protein sequence
knowledge base with extensive cross-references and querying interfaces. The UniProt databases consist of four database layers
optimised for different purposes (see Box).

Gene Ontology (GO) is a well-established, structured vocabulary that has been successfully used in gene product functional
annotation. The UniProt-Gene Ontology Annotation (UniProtKkB-GOA) database was created at the EMBL-EBI in 2001. The
aim of the UniProtKB-GOA project is to provide high-quality manual and electronic annotations to the proteins stored in
UniProtKB using GO vocabulary.

UniProt database layers

e UniProt Knowledgebase (UniProtKB) provides the central database of protein sequences with accurate, consistent and rich sequence and
functional annotation;

« UniProt Metagenomic and Environmental Sequences (UniMES) database is a repository specifically developed for the newly expanding area of
metagenomic and environmental data;

« UniProt Archive (UniParc) provides stable, comprehensive, non-redundant sequence collection by storing the complete body of publicly available
protein sequence data;

« UniProt Reference Clusters (UniRef) provide non-redundant data collection based on the UniProt Knowledgebase and UniParc in order to obtain
complete coverage of sequence space at several resolutions.

SUMMARY OF PROGRESS

*  Manual annotation has been ongoing for UniProtKB/Swiss-Prot with particular focus on the human proteome and close
collaboration with other resources;

*  Automatic annotation has been a key focus in the past year as the EMBL-EBI has led the consolidation of the rule
systems of all participating consortium members;

*  Both manual and electronic GO annotation has been ongoing, with almost 62 million GO annotations to 7.6 million
UniProtKB entries, covering more than 237 000 taxonomic groups.

MAJOR ACHIEVEMENTS

UniProt is a member of the Consensus CDS (CCDS) project, a collaborative effort to identify a core set of consistently annotated
and high-quality human and mouse protein-coding regions. The long-term goal is to support convergence towards a standard
set of gene and protein annotations. By the end of the reporting period, UniProt had 17 512 human entries (out of 20 251
records) in synch with the RefSeq annotation group at the NCBI and the Ensembl and HAVANA teams at the EMBL-EBI and
the Wellcome Trust Sanger Institute.

A highlight of the third NCBI Genome Annotation Workshop in Washington, DC in April 2010, where researchers from life
science organisations worldwide collaborated to establish minimal standards for prokaryotic and viral annotation, was the
development and acceptance by the community of prokaryotic protein-naming guidelines based on an initial proposal from
the INSDC and UniProt. Following this agreement, INSDC and UniProt also created a more generalised protein guideline to
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make this useful for taxa outside cellular prokaryotes. The decision by the INSDC to provide these guidelines for adoption by
all submitters to their databases will greatly enhance the annotation of complete genomes and proteomes and ensure that the
user community can exploit these data to its full potential.

The EMBL-EBI led the consolidation of its consortium members’ three major automatic annotation systems, which resulted in
agreement on manual rule-creation specifications along with the relevant SOP development and the setting of goals. This has
led to increased coverage of UniProtKB/TrEMBL from 30% to nearly 40% and a widening of the taxonomic range and increase
in the annotation depth achieved. Training in the UniRule tool is ongoing for our consortium partners.

Our curators continue to be key members of the GO Consortium Reference Genomes Initiative for the human proteome,
working to provide high-quality annotations for human proteins. The GOA renal project has been very successful, providing
745 proteins with 5942 annotations; 426 new GO terms were created (1.4% of the whole of GO) as a result of a kidney ontology
development workshop hosted by UniProtKB-GOA.

FUTURE PLANS

UniProt is committed to providing a ‘gold standard’ data set that will enable users to easily identify all experimental data

for a given protein from a particular strain of a particular organism as well as all experimentally characterised annotations/
proteomes from a proteome or protein family. This will involve the de-merging of existing UniProtKB/Swiss-Prot entries and
an extension of the scope of the evidence-attribution system. This has the added benefit of providing experimental annotation
for the benchmarking of sequence analysis tools (e.g. predictors of post-translational modifications or topology). UniProtKB/
Swiss-Prot has historically ‘merged’ 100% identical protein sequences from different genes in the same species into a single
record. As the availability and usage of genomic information has greatly increased in recent years, UniProtKB is modifying its
merging policy. We will de-merge entries containing multiple individual genes coding for 100% identical protein sequences
into individual UniProtKB/Swiss-Prot entries, which will give a gene-centric view of protein space and allow a cleaner, more
logical mapping of gene and genomic resources to UniProtKB. We plan to extend our nomenclature collaborations to include
higher-level organisms. As well as expanding the UniRule approach with additional curator resources, we will completely
review the SAAS approach in the next reporting period in order to incorporate more recent developments in this field. We
also expect to work closely with various internal and external resources to investigate ways of helping other institutes to

use our rules, as has been requested. We intend to completely review the biology and resources behind the electronic GO
annotation pipeline, with a particular focus on other UniProt-controlled vocabularies, taxonomic range and InterPro member
databases.
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DESCRIPTION OF SERVICES

The ChEMBL group develops and manages the EBI’s database of bioactive, drug-like small molecules, which contains two-
dimensional structures, calculated properties and abstracted bioactivities such as binding constants, pharmacology and
ADMET data. ChEMBL data are abstracted and curated from the primary scientific literature, and cover a significant fraction
of the structure-activity relationship and discovery of modern drugs. 2010 marked the first full year of staffing for the group,
and has seen a number of milestones for the ChEMBL resource. Its first public release - in January 2010 - achieved broad
coverage in the press and was extremely well received by the scientific community. The data is widely accessed via the web
interface and via download of the entire database for local searching, and advanced tools developed by the ChEMBL team for
interactive filtering and data selection provide added value to users.

SUMMARY OF PROGRESS

*  Switched all ChEMBL resources to run under the secure, industry standard https: internet protocol;
*  Established a robust, monthly update cycle for new data;

*  Established a mechanism for the rapid upload, archival and searching of deposited datasets;

*  Launched SARfari drug-discovery integration systems;

*  Achieved integration of ChEMBL into other large-scale chemistry resources, including PubChem and the ChemSpider
system of the Royal Society of Chemistry;

*  Started to implement a fully featured and open infrastructure for large-scale scoring of targets for their ‘drugability’;

*  Pursued research activities in two major areas.

MAJOR ACHIEVEMENTS

Usage of the resource, in particular downloads of the data, has been strong and steady. We accompanied the ChEMBL launch
with a series of talks, webinars, on-campus training courses and site visits for local training. Alongside more traditional
approaches to promoting resource awareness, we maintain a group blog to report on progress with the database, new drug
launches and various analyses of the resource.

We switched all ChEMBL resources to run under the secure, industry standard https: internet protocol, ensuring that all traffic
to our services is encrypted and secure. This is a key concern for researchers given the high confidentiality of small molecule
structural data. We also established a robust monthly update cycle for new data, giving the community rapid access to new
chemotype and target information. A network of specialist curators has been engaged to curate key portions of the data (e.g.
ADMET data). During the reporting period the number of data records within ChEMBL grew by more than 50%.

The group established a mechanism for the rapid upload, archival and searching of deposited datasets. This year, three deposited
datasets on whole-cell malaria screening - contributed by GlaxoSmithKline, Novartis and St. Judes - featured ca. 20 000 novel
compounds that are active in a relevant model of malaria infection. A specific portal, ChREMBL-NTD (Neglected Tropical
Diseases), was constructed to serve this important subset of contributed data.

We went live with our SARfari drug discovery integration systems, two of which integrate data for bioassays, phylogenetic
information, three-dimensional structural data and binding-site data for protein kinases and rhodopsin-like G-protein coupled
receptors (GPCRs). In addition, the ChREMBL database began to be widely integrated into other large-scale chemistry resources.
Of particular note is the integration of its chemical structure and bioactivity data into PubChem, as well as compound-level
integration with the ChemSpider system of the Royal Society of Chemistry.

www.ebi.ac.uk/chembl



One of the areas of most immediate application for the data contained within ChEMBL is in the assessment and scoring of
proteins as targets for drug discovery. We have started to implement a fully featured and open infrastructure for large-scale
scoring of targets for their ‘drugability’ The first released component is an analysis of properties of the binding sites for their
suitability to bind drug-like molecules.

We currently have two active research areas. The first is the building of a computational system to analyse functional and
binding data for peptides, and then to propose their optimisation in order to improve pharmaceutical properties, stability,
affinity and selectivity. We published a paper on the analysis of ligand efficiency measures for the content of ChEMBL as well
as a series of similarity maps for natural and unnatural amino acids. This work is funded under the EIPOD scheme, with the
designed peptides planned for synthesis and bioassay in the lab of Maja Koehn (EMBL-Heidelberg).

The second area of research is a comprehensive analysis of ‘tool compounds’ or ‘chemical probes. We have assembled a number
of sets of compounds that are generally considered to be chemical tools, that is, small molecules that are used to probe the
function of specific proteins in either a cell or an in vivo model system. These compounds have been characterised for various
properties (e.g. affinity, molecular size); approaches to predict the affinity variances across model organism species have been
developed (i.e. across rat, mouse, and human orthologues).

We have participated in two significant EU-funded projects: eTox and EU-OPENSCREEN. eTox is an Innovative Medicines
Initiative that aims to build an unprecedented collaborative database of chronic rat-toxicity data and then perform bio-and
chemoinformatic analyses and software development to predict toxicity, thereby improving the productivity of pharmaceutical
discovery. EU-OPENSCREEN is a large-scale infrastructure; EMBL-EBI is involved defining its data-standards (see the
Steinbeck group, page 54) and database design and content (ChEMBL group). This project will provide an open-access and
open-data infrastructure for screening a large compound collection and disseminating the collected data.

FUTURE PLANS

This coming year, we will release the drugability prioritisation and analysis tools, and also populate the database with
biotherapeutic and clinical candidate development data. Also of high priority will be completing integration with core EMBL-
EBI resources such as Ensembl, UniProt, PDBe and ArrayExpress.
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DESCRIPTION OF SERVICES/RESEARCH

The Functional Genomics Production Team manages data content and user interaction for the core EBI databases: the
ArrayExpress Archive (Parkinson, 2009), the Gene Expression Atlas (GXA; Kapushesky et al., 2010) and the new Biosamples
Database. All three resources have complex metadata representing experimental types, variables and sample attributes for
which we require semantic markup in the form of ontologies. We develop ontologies and software for the annotation of
complex biological data, including the Experimental Factor Ontology (EFO) for functional genomics annotation (Malone,
2010), the Software Ontology, the Ontology for Biomedical Investigation and the Vertebrate Anatomy Ontology (VBO). We
collaborate with international partners to develop MAGE-TAB based data management infrastructure and annotation tools for
gene expression data. The team has expanded its remit to deal with the change in technology from arrays to RNA sequencing
experiments; this has resulted in collaboration with the EBI databases ENA and EGA to provide data flow and integration
between these sequence databases and ArrayExpress.

SUMMARY OF PROGRESS
*  Agreement with the Gene Expression Omnibus for data exchange of high-throughput sequencing functional genomics data;
*  Monthly EFO releases (consistent over the past 28 months);

*  Four open source software releases, supporting MAGE-TAB infrastructure (Limpopo and Annotare) and ontology query
and lexical matching (OntoCat and Zooma).

MAJOR ACHIEVEMENTS

The main task of the group is the processing, annotation and curation of functional genomics data from direct submissions
and by import from external databases. Archive software development has focussed on infrastructure development to support
the submission, processing and integration of RNA-Seq data and tool development for MAGE-TAB based infrastructure and
ontology development.

The EFO, an application ontology, is released monthly to support data queries in the GXA. EFO now has 3075 classes, is cross
referenced to 25 public domain ontologies and has been expanded to add value to cell line terms where tissues, diseases and cell
types have been added to both primary and immortal cell lines. We have also added experiment specific terms to support the
query of experiments in the Archive by molecule and technology. We take a data driven approach to building the ontology in
EFO, which is then used for text mining and query. EFO is mapped to public ontologies using a common, upper level ontology
and relationships to promote interoperability with other semantic resources.

The production team provides open source software for data management and annotation, ontology building and lexical
mapping. We released Annotare (Shankar et al., 2010), a data annotation tool supporting MAGE-TAB, jointly with colleagues
in the US; Limpopo, an open source MAGE-TAB parser used by ArrayExpress and several other applications; MAGETabulator,
a rule based spreadsheet generation system; as well as OntoCat, an ontology searching application, and Zooma, a lexical
matching application, which jointly search and map terms to ontologies.

The team collaborates on EU- and NIH-funded research projects. For example, the EU funded GEN2PHEN project
aims to unify human and model organism genetic variation databases towards increasingly holistic views into
genotype to phenotype data, and to link this system with other biomedical knowledge sources via genome browser
functionality. Together with project partners, we have produced an integrated data model and database for human
and model organism phenotypes and are now working on tools for semantic integration of rodent model and
human phenotypic data.

www.ebi.ac.uk/efo | www.ebi.ac.uk/arrayexpress | www.ebi.ac.uk/gxa | www.ebi.ac.uk/biosamples | www.ebi.ac.uk/microarray-svr/pheno



Tissue-specific annotation and query of multi-species functional genomic data is limited due to the lack of a homology-based,
common, multi-species anatomy for mammalian species. We work with colleagues at MRC Harwell, University of Cambridge
and the Phenoscape Project to generate a mammalian musculoskeletal system ontology based on homology statements. This
involves aligning multiple species-specific anatomy ontologies, analysing their usage by functional genomics researchers and
extracting evidence for homologous structures from the literature. We plan to extend the GXA to allow queries using these
homology statements in the coming year.

FUTURE PLANS

In 2010-2011 we will work to improve the volume and quality of annotation for RNA-Seq data by working with data generating
centres such as the Wellcome Trust Sanger Institute to automate RNA-Seq data submissions. EFO will be extended to support
annotation ofthese data, for example for single cell sequencingstudies,and also for dataintegrationin the sample database, where we
will develop new terms for cell lines and samples used in genome-wide association studies (GWAS) studies. Finally, we are working
to use EFO for RDF export of data from the GXA jointly with the Rebholz-Schuhmann group at the EBI with support from the
EBI Industry Programme.

SELECTED REFERENCES

Kapushesky, M., et al. (2010) Gene Expression Atlas at the European Bioinformatics Institute, Nucleic Acids Res. 38, D690-D698.

Malone, ], et al. (2010) Modeling sample variables with an experimental factor ontology Bioinformatics 26, 1112-1118.

Parkinson, H., et al. (2009) ArrayExpress update: from an archive of functional genomics experiments to the atlas of gene expression. Nucleic Acids Res. 37, D868-D872.

Shankar, R., et al. (2010) Annotare: a tool for annotating high-throughput biomedical investigations and resulting data. Bioinformatics 26, 2470-2471.

A B e e ]
b
A w— k" -v.q..-—-.n--. - Pp—

L L W b ] e T
i o o vy e

P —— L P ————

1 - e —
Free P ——— T
e e e pp— T ye——
S AR s erte e it A B et
[ S —— — T ———
Thisargine g B et o sapis M Sabrbbl Ty M e Ep———
Trasanes wafiing T 67 o S Mokt (5 Sl B PRaald S P p——
Trirmtaruien graPlien, b o ol s ey ol uficind b Sam . 4 M i
PELIAPY i oemnind i RLFL] B o i Sl 16 8 s [
Y = m——— [rp—p—
A peir b it of i S i bty et ]t Y
e Ty ey —-p——— P ——
R o e e L — Py
L N eI S —— P p————
e s Bt S i e Srvrbracaets Bt I s i
| k s v e ms aren fa b e ed 58 s e
S BANOO-EMNE] B s prafies o Farmmpe bt SRS e e o e [T p—
m GCHODAEE]  Hete et i i el St Theabiians P p———
| = R SROD-HRIRE e e af S S o e T
|y i kg e it - p— P p—
ey S e A iy [ ——
e —— ey ——a [t ppem—
£ D -
ATLAS Lol o LS
| el P | B o | | e | ‘:(I ! {’ c’ ? J"" P _f \ll ,,e-"
o Cr T — T ] [a—— Bars Drgusion & ‘}" r}' ’Fﬁg“n ‘l' _,fl,s'
P — Ly g ot v"lr .(; ("
A m—— ‘r.-!’.l'J'lJ'J J"_.!J.}
o btk v FEEF
b s s i d PRI R B Ao
Moo i o i g = b o ]
[ —————
PRDED Hema sagers
Biine Duin Beinass 555 Sess Expressies Sies I iy i -~
- P e L —p— LN T it pSCR M Al
S W g ey m— = e b .
e e LU s e cpedr Aty
—— 1ML amsesney e it ok mapplebd i -7 iz wager
= s e
RN A CCHDY Homo mess
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Developing and
Integrating Tools
for Biologists

Peter Rice

BSc University of Liverpool, 1976.
EMBL Heidelberg, 1987-1994.
Sanger Centre 1994-2000. LION
Bioscience 2000-2002.

At EMBL-EBI since 2003.

DESCRIPTION OF SERVICES

The team focuses on the integration of bioinformatics tools and data resources. We also investigate and advise on the e-Science
and Grid technology requirements of the EMBL-EBI through application development, training exercises and participation in
international projects and standards development. Our group is responsible for the development of the EMBOSS open-source
sequence analysis package and for the EMBRACE project, which integrates access to bioinformatics tools and data content
through standard-compliant web services.

SUMMARY OF PROGRESS

*  Issued two EMBOSS releases;

*  Extended EMBOSS input formats to include SAM and BAM formats as well as versions of FASTQ format;
*  Developed EDAM ontology of bioinformatics data types and methods.

MAJOR ACHIEVEMENTS

The EMBOSS development work is now fully funded by a grant from the BBSRC and has a team of three developers. During
the reporting period we caught up on our backlog of maintenance and feature requests, and released two versions of EMBOSS
(6.1.0 on 15 July 2009; interim 6.2.0 release on 15 January 2010). These releases complete the standardisation of EMBOSS
internals for three books we are producing through Cambridge University Press. We are now free to concentrate on new
developments, and have added many extensions to the current developers’ version of the code. EMBOSS sequence objects
now include extensive metadata derived from the richer input sources (especially the UniProt and EMBL databases), including
database cross-references, ontology terms, literature references, taxons and specialised description fields from UniProt.
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We extended EMBOSS input formats to include standard next-generation sequence formats, especially the SAM (sequence
alignment/map) and BAM formats used by SAMtools and other packages, and the various versions of FASTQ format first used
at the Sanger Institute. Together with other Open Bio Foundation projects (BioPython, BioPerl and BioRuby) we developed a
standard interpretation of FASTQ format variants that can be shared across all the packages.

We split the library code for EMBOSS into five sub-libraries. This simplifies the maintenance of library code, and will allow
the easier integration of code from other libraries in the future. We are particularly interested in the possibility of adding a
C version of the Ensembl APL

Our maintenance tasks included a thorough review of the sequence data formats supported by EMBOSS, with special attention
paid to recent changes in either the original format or its interpretation by other packages. We also removed several bottlenecks
in the processing of sequence data, improving the performance of applications across the whole EMBOSS package. Source
code documentation was also comprehensively reviewed, with naming standards imposed for all major library functions.
This provided a clean set of sections and consistent programming interfaces for the forthcoming Developers Guide, and has
significantly helped our own development efforts.

Where EMBOSS applications depend on other packages (especially third-party EMBASSY packages) these applications are
now checked when the EMBOSS application is first started, giving an immediate run-time error with a consistent message
explaining how to provide the location of the external programme.

We recognised the need to provide semantic-level annotation of the many EMBRACE data and tools services. Such annotation
enables the EMBRACE registry to provide descriptive searches for service discovery and for the semantic joining of the output
of one service to the input of another. Our solution is to develop a new ontology, EDAM (EMBRACE data types and methods),
with over 2000 terms covering operations, topics (e.g. sequence analysis), data types, data formats and data resources. Using
these terms we were able to annotate comprehensively over 200 EMBOSS applications by including EDAM references in their
ACD command definition files. These annotations are then automatically transcribed into the WSDL web service definition
files for SoapLab web services that launch these same EMBOSS applications.

FUTURE PLANS

The EMBOSS package is developing rapidly to cover new data types, new sources of data and new data access methods.
In the next year we will add generic access to all public bioinformatics data resources with database types for feature annotation,
bio-ontologies, taxonomic data, data resource descriptions (from our catalogue of public data resources) and general text
or URL-based access to other sources of information. The EMBRACE consortium ends in July. Our work on EMBRACE-
compliant services will continue, with the further development of the EDAM ontology as part of EMBOSS and the maintenance
of fully annotated SOAP services within SoapLab, also through EMBOSS.
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Functional Genomics
Software
Development

Ugis Sarkans

PhD in Computer Science,
University of Latvia, 1998.
Postdoctoral research at the
University of Wales, Aberystwyth,
2000. At EMBL-EBI since 2000.

DESCRIPTION OF SERVICES

Our team has been developing software for ArrayExpress since 2001. As of October 2010, ArrayExpress holds data from
almost 500 000 microarray hybridisations and is one of the major data resources of EMBL-EBI. The software development
team is building and maintaining several components of the ArrayExpress infrastructure, including data management tools for
ArrayExpress Archive (the MIAME-compliant database for the data that support publications); the ArrayExpress Archive user
interface; MIAMExpress (a data annotation and submission system); and an array design re-annotation system for aligning
user-provided annotation to a uniform reference system. In addition, our team has participated in building the BioSamples
database, a new EBI resource, since early 2010.

SUMMARY OF PROGRESS
*  Built a new ArrayExpress data management infrastructure (to enter service in late 2010);
*  Maintained the existing infrastructure, facilitating the 10-fold growth of ArrayExpress archive over the past four years;

*  Significantly evolved the ArrayExpress Archive user interface to provide a more robust and richer service.

MAJOR ACHIEVEMENTS

During the reporting period we finished building all the major components required for the ArrayExpress infrastructure:
data loading, unloading, management and export tools. Following completion of acceptance testing, this MAGE-TAB-centric
infrastructure will be used in production (expected by the end of 2010).

The array design re-annotation system was significantly restructured, resulting in a better quality annotation that is propagated
to the ArrayExpress Gene Expression Atlas. We continue to work together with the Atlas team to ensure that the re-annotation
processes are optimised also for sequencing-based transcriptomics data, where microarrays are not used.

The ArrayExpress Archive user-interface work progressed in parallel with the back-end infrastructure developments and
was released to end users independently. The search is now ontology-aware; for example, queries for ‘cancer’ retrieve studies
annotated with ‘lymphoma, and term synonyms can be used (Figure, highlight 1). Advanced query syntax is supported and
can, for example, retrieve all experiments with more than 30 hybridisations. Links to the European Nucleotide Archive (ENA)
are provided for sequencing-based functional genomics experiments where data is managed jointly by ArrayExpress and ENA
(Figure, highlight 2). In addition, search field auto-completion has been implemented (Figure, highlight 3).

In preparation for the switch from the existing data management infrastructure based around the MAGE-ML data exchange
language to the new one based on MAGE-TAB, we invested considerable effort into data conversion, cleaning and validation.
Due to significant differences between abstraction levels of these two languages, more resources were required than initially
planned; however, this work will ensure a higher level of data quality in the new database.

EMBL-EBI is developing a new BioSamples database, with an aim to clean up and aggregate aspects of biological sample
information that are served by different data resources. Our team participates in the design and development process of this
database, lending our experience in handling various aspects of biological sample information management and reusing and
adapting relevant parts of the ArrayExpress software for these purposes.

We continued to refine our software development process, environment and tools. In particular, we concentrated on extensive
testing, automated software environment management and improving teamwork.

www.ebi.ac.uk/arrayexpress



FUTURE PLANS

After migration to the new software infrastructure we intend to concentrate on improving our data submission tools, taking
into account the growing popularity of sequencing-based functional genomics experiments. The ArrayExpress Archive user
interface will undergo further improvements, including simplifying and rationalising information presentation. In 2011 we
plan to bring the BioSamples database to full production status, integrating this valuable new resource with other databases at
EMBL-EBI and NCBIL

SELECTED REFERENCES

Malone, ], et al. (2010) Modeling sample variables with an Experimental Factor Ontology. Bioinformatics 26, 1112-1118.

Kapushesky, M., et al. (2010) Gene Expression Atlas at the European Bioinformatics Institute. Nucleic Acids Res. 38 (Database issue), D690-D698.
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Cheminformatics
and Metabolism

Christoph Steinbeck

PhD Rheinische Friedrich-Wilhelm-Universitét, Bonn, 1995. Postdoc at Tufts University,
Boston, 1996-1997. Head of Research Group for Structural Chemoinformatics, Max
Planck Institute of Chemical Ecology, Jena, 1997-2002. Habilitation in Organic Chemistry,
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Informatics, Cologne University Bioinformatics Centre, Cologne, 2002-2007. Lecturer in
Cheminformatics, University of Tubingen, 2007. At EMBL-EBI since 2008.

DESCRIPTION OF SERVICES

The Cheminformatics and Metabolism team provides the biomedical community with information on small molecules and their
interplay with biological systems. Our database portfolio includes ChEBI, the EBI's database and ontology of chemical entities
of biological interest, as well as Rhea and IntEnz, our enzyme-related resources. The group develops methods to decipher,
organise and publish the small-molecule metabolic content of organisms. We develop algorithms to predict metabolomes based
on genomic and other information, to determine quickly the structure of metabolites by stochastic screening of large candidate
spaces and to enable the identification of molecules with desired properties. This requires algorithms for the prediction of
spectroscopic and other physicochemical properties of chemical graphs based on machine learning and other statistical
methods.

We are further investigating the extraction of chemical knowledge from the scientific literature by text- and graph-mining
methods. This, as well as our work on chemical database technology and curation, is supported by research into chemical
ontologies. Together with an international group of collaborators we have developed a number of widely known and used open-
source cheminformatics software packages. The Chemistry Development Kit (CDK), which originated in our lab, is the leading
open-source Java library for structural cheminformatics. Based on this, we have developed the cheminformatics workflow/
pipelining system CDK-Taverna, which allows researchers to build executable data-processing workflows in a Lego™-like
manner, as well as OrChem, our structure-registration and -searching system for the Oracle™.-database. In collaboration with
partners in Uppsala we initiated Bioclipse, an award-winning, rich client for chemo- and bioinformatics.

SUMMARY OF PROGRESS

*  Released OrChem, our open-source chemical-search cartridge for Oracle™;

*  Issued releases 59 to 69 of ChEBI, our ontology and database of chemical entities of biological interest;
*  Issued releases 3 to 14 of Rhea and 50 to 61 of IntEnz, our enzyme resources;

*  Made ChEBI fully structure-searchable based on OrChem;

*  Substantially improved our chemical structure editor JChemPaint with R-groups and reactions;

*  Secured a grant to establish the MetaboLights database at the EBI;

*  Developed the first prototypes of the Enzyme Portal.

MAJOR ACHIEVEMENTS

The release of OrChem allows users to perform substructure, similarity and exact searching within OrChem. Recently it has
included the ability to search for R-groups, enabling wild-card chemical-structure searching. It has also included descriptor
calculation and exact chemical-structure searching.

In view of successful use of the ChEBI submission tool throughout the reporting period (576 submissions received from 16
individual external submitters), ChEBI has focused its efforts on improving the submission process. A bulk submission facility
was developed to enhance the chemical submission experience of regular submitters by allowing programmatic provision of
submitted data. As part of a collaboration with the La Jolla Institute of Allergy and Immunology in the USA, approximately 1500
entities associated with immunology were curated, involving use of a new facility for including citations in compound records.
A ChEBI user workshop was organised and run, comprising both training elements and scientific talks and complemented
by discussions on the future direction of ChEBI. Major improvements to Rhea/IntEnz have included the transformation of
chemical compounds used in Rhea reactions from their neutral forms to their ionised states at pH 7.3 to be closer to common
physiological conditions.

www.ebi.ac.uk/chebi



In 2009/2010, we were glad to host a considerable number of very talented interns, trainees and visiting scientists. Nikolas
Fechner and Georg Hinselmann, University of Tiibingen, worked with us in autumn 2009 on a novel method for classification
of chemical compounds into ontological hierarchies, as well as on a visualisation technique for chemical spaces. Duan Lian of
the East China University of Science and Technology in Shanghai, China optimised fingerprint performance in substructure
search pre-screening by selecting fingerprint patterns with a novel analysis method. Leonid L. Chepelev of Carleton University
in Ottawa, Canada worked on developing self-organising structure- and function-based chemical-entity hierarchies and tools
for automated chemical classification in ChEBI. Laura Daniels, a student from Cranfield University in the UK, worked with
our Enzyme Portal Team for her MSc thesis project, a case study about the challenges of data integration in the EBI enzyme
portal. Kalai Vanii Jayaseelan of Vellore Institute of Technology (VIT) in India worked with the EBI text-mining infrastructure,
developing a method for the association of small molecules with their biological targets. She has now joined our group as a
bioinformatician and regular group member.

FUTURE PLANS

We have received a grant from the BBSRC to build the missing community resource for metabolomics at the EBI. The database,
tentatively named MetaboLights, will be cross-species and cross-application and will cover metabolite structures and their
reference spectra as well as their biological roles, locations and concentrations. The project will be fully compliant with open
standards in metabolomics, including existing minimum reporting standards, or will actively contribute to their creation
where these have not been developed. It will further provide the community with a repository for metabolomics experiments
reference in scientific publications, matching the functionality of other ‘omics’ repositories at the EBI, such as the proteomics
resource PRIDE. Our team is also leading an effort to integrate all enzyme-related information resources at the EBI into what
we call the Enzyme Portal. The Enzyme Portal will provide unified access to resources like IntEnz and Rhea developed in our
group as well as to some of the resources of the Thornton group, including their Cofactor Database, EC2PDB, the Catalytic Site
Atlas and others.

SELECTED REFERENCES
Griffin, J.L. and Steinbeck, C. (2010) So what have data standards ever done for us? The View from Metabolomics. Genome Med. 2, 38.
Kuhn, T,, et al. (2010) Cdk-Taverna: an open workflow environment for cheminformatics. BMC Bioinform. 11, 159.

Rijnbeek, M., and Steinbeck, C. (2009) Orchem - an open source chemistry search engine for Oracle. J. Cheminformatics 1, 17.
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DESCRIPTION OF RESEARCH

We investigate the cellular and molecular processes underlying mammalian stem cell differentiation using a combination of
experimental and computational approaches. Embryonic stem (ES) cells are similar to the transient population of self-renewing
cells within the inner cell mass of the pre-implantation blastocyst (epiblast), which are capable of pluripotential differentiation
to all specialised cell types comprising the adult organism. These cells undergo continuous self-renewal to produce identical
daughter cells, or can develop into specialised progenitors and terminally differentiated cells. Each regenerative or differentiative
cell division involves a decision whereby an individual stem cell remains in self-renewal or commits to a particular lineage.
Pluripotent ES cells can produce lineage-specific precursors and tissue-specific stem cells, with an accompanying restriction in
commitment potential. These exist in vivo as self-renewing multipotent progenitors localised in reservoirs within developed
organs and tissues. The properties of proliferation, differentiation and lineage specialisation are fundamental to cellular
diversification and growth patterning during organismal development, as well as the initiation of cellular repair processes
throughout life.

A number of molecular pathways involved in embryonic development have been elucidated, including those that influence
stem cell differentiation. As a result, we know of a number of key transcriptional regulators and signalling molecules that play
essential roles in manifesting nuclear potency and self-renewal capacity of embryonic and tissue-specific stem cells. Despite
these efforts, only a small number of components have been identified and large-scale characterisation of cellular commitment
and terminal differentiation to specific cell types remains incomplete. Our research group applies the latest high-throughput
technologies to investigate the functions of key regulatory proteins and their influence on the changing transcriptome. We
focus on early lineage commitment of ES cells, neural differentiation and nuclear reprogramming. The generation of large-scale
data from functional genomic and proteomic experiments will help to identify and characterise the regulatory influence of
key transcription factors, signalling genes and non-coding RNAs involved in early developmental pathways, leading to a more
detailed understanding of the molecular mechanisms of vertebrate embryogenesis.

SUMMARY OF PROGRESS
*  Mapped genome-wide binding sites of key pluripotency factors in embryonic stem cells;
*  Determined major molecular characteristics of human brain cancer stem cells;
*  Developed and optimised protocols for comprehensive RNA sequencing;
*  Resolved the complete transcriptomes of stem cells at various developmental stages;

*  Released open-source software for expression profiling and high-throughput sequencing.

MAJOR ACHIEVEMENTS

Cellular differentiation is normally a one-way process. Remarkably, induced pluripotent stem (iPS) cells can now be generated
from various somatic cell types via transduction of reprogramming factors. Early attempts to revert differentiated cells into
an ES cell-like state suffered from one or more notable deficiencies that indicated iPS cells were not truly pluripotent, where
reprogramming is stalled at an incompletely pre-pluripotent (pre-iPS) stage. We are involved in several related projects to
characterise the reversion of differentiated cells to a pluripotent state, in collaboration with Austin Smith and Jose Silva at the
Wellcome Trust Centre for Stem Cell Research.

To investigate this process we are applying the ChIP-seq approach to map direct targets of regulatory factors in mouse ES cells,
excluding potential non-specific interactions with control samples derived from ES cells genetically devoid of the factors of
interest. These are propagated in culture through chemical inhibition of Mek/Erk pathways and glycogen synthase kinase-3
(Gsk-3). The combination of LIF exposure and inhibition of Mek/Erk signalling is sufficient to convert pre-iPS cells rapidly and
at high efficiency into authentic iPS cells.

www.ebi.ac.uk/bertone



The fundamental processes that regulate stem cell differentiation are not well understood and are likely to be misregulated in
cancer. A second focus in the lab is the study of neural cancer stem cells derived from human glioma multiforme tumours. These
glioma neural stem (GNS) cells have been isolated and expanded using the same culture conditions previously used for the
establishment of normal neural stem cells. The normal and diseased counterparts are morphologically and immunohistologically
indistinguishable, yet the differentiation behaviour of the cancer stem cells is clearly aberrant.

Together with Steven Pollard at University College London, we have applied a combination of sequencing and microarray
approaches to determine the genetic architecture of individual GNS cell lines and the variations unique to each. Together with
comprehensive transcriptome sequencing, these data provide a unified view of genomic aberrations and global expression
patterns that contribute to the cancer state. We