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1. PROJECT EXECUTION

1.1 Summary description of project objectives

A. Objectives

The objective of the BIOSAPIENS Network of Excellence is to support a large scale,
concerted effort to annotate genome data by laboratories distributed around Europe,
using both informatics tools and input from experimentalists. Through integration the
network aims to improve bioinformatics research in Europe, by providing a focus for
annotation and by the organisation of European meetings and workshops to encourage
cooperation, rather than duplication of effort. The annotations generated by the
network are to be made available in the public domain and will be easily accessed on
the web. Details of the project and those involved are available on the project website
//http:www.biosapiens.info

B. Contractors involved
In its final year, the network consisted of the following contractors:

Prof. Janet Thornton, EMBL - European Bioinformatics Institute, UK

Prof. Dmitrij Frishman, German Nat. Centre for Environment and Health, Germany
Prof. Jacques van Helden, Université Libre de Bruxelles, Belgium

Prof. Alfonso Valencia, Centro Nacional de Investigaciones Oncoldgicas, Spain

- previously Centro National de Biotecnologia-CSIC, Spain

Dr Roderic Guigo, Centre for Genomic Regulation, Spain

- previously IMM Laboratory of Computational Genomics, Spain

Dr Tim Hubbard, Wellcome Trust Sanger Institute, UK

Prof Dr Thomas Lengauer, Max-Planck Institute fiir Informatik, Germany

Prof Michal Linial, The Hebrew University of Jerusalem, Israel

Prof Anna Tramontano, University of Rome "La Sapienza", Italy

Prof Gunnar von Heijne, Stockholms Universitet, Sweden

Dr Richard Mott, Wellcome Trust for Human Genetics, UK

Prof Christine Orengo and Prof David Jones, University College London, UK
Prof Gert Vriend, University of Nijmegen, The Netherlands

Dr Anne-Lise Veuthey, Swiss Institute of Bioinformatics, Switzerland

Prof Sgren Brunak, Technical University of Denmark, Denmark

Prof Esko Ukkonen, University of Helsinki, Finland

Prof Stylianos Antonarakis, University of Geneva, Switzerland

Prof Laszlo Patthy, Institute of Enzymology, Hungary

Prof Dietmar Schomburg, Technical University of Braunschweig, Germany

- previously University of Cologne, Germany

Prof. Antoine Danchin, Institut Pasteur, France

Dr Leszek Rychlewski, BiolnfoBank Institute, Poland

Dr Vincent Schachter, Genoscope-CEA, France

Prof Martin Vingron, Max-Planck Institute for Molecular Genetics, Germany

Prof Rita Casadio, University of Bologna, Italy

Dr Nikos Darzentas/ Dr Christos Ouzounis (until end 2008), Centre for Research and
Technology Hellas, Greece (from 1.1.2006)



Management of the Consortium

The network is coordinated by Professor Janet Thornton (director@ebi.ac.uk) at the
European Bioinformatics Institute, and managed by Dr Kerstin Nyberg
(knyberg@ebi.ac.uk). The steering committee also includes Prof Anna Tramonatano
(Training Coordinator), Prof Alfonso Valencia (Outreach Coordinator) and Prof Soren
Brunak (Thematic WP Coordinator)

1.2 Work performed and end results

This first phase of the Network (Year 1) was a proof of principle phase, during which
the virtual institute was established and the infrastructure to allow distributed
annotation and access to the virtual knowledge centre developed.

The second phase of the Network (Year 2) firmly established the virtual institute and
the infrastructure to allow distributed annotation and access to the virtual knowledge
centre. During this year, new tools were developed and a variety of Genome
Annotations delivered through the BioSapiens Portal.

The third phase of the Network (Years 3 to end) continued to establish and refine the
virtual institute and the infrastructure to allow distributed annotation and access to the
virtual knowledge centre. During the final three and a half years many new tools were
still being developed and a variety of Genome Annotations delivered through the
BioSapiens Portal.

A. Integrating Activities

At the outset, the network consisted of 25 laboratories from 14 different European
countries. To launch the project 37 members of the consortium, representing all
contractors gathered for the first Annual General Meeting held in Rome on 26 — 27
February 2004. Individual work packages held meetings to coordinate their research
activities and interactions and to discuss the work programme, including deliverables
and milestones. Working together towards these goals has strengthened the
community and generated a cooperative approach to genome annotation. Each work
package required close contact and interaction between partners. Already in the first
year, the remarkable progress was made to develop the technical integration needed to
facilitate the distributed annotation effort, using the DAS technology (Distributed
Annotation System). Each laboratory installed a DAS server and provided
annotations as appropriate that can be viewed at any site through a DAS client. At the
end of the first year, working DAS servers had been installed in 15 laboratories, each
providing some test annotations. This integrated system provided the proof of
principle required in the first year, that the infrastructure was appropriate to provide
basic distributed annotation.

The two thematic work packages (on Down’s syndrome and HCV and HIV viruses)
started well. They have promoted interactions between the bioinformatics groups and
the experimental biologists and allowed the experimentalists to exploit the most up-
to-date annotations available.

During this first year, an extensive outreach programme included press releases,
workshops to promote BioSapiens, presentations to scientists and the general public
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on the importance of genome annotations and a meeting of representatives of
European Master’s courses in Bioinformatics. The visibility and impact of
bioinformatics in Europe was improved through the many meetings and workshops
BioSapiens organised and helped to support, including CAPRI: Critical Assessment
of Predictions on Interactions; CASP6: Critical Assessment of Techniques for Protein
Structure Prediction; Bologna Winter School in Bioinformatics; Pre-SIG meeting on
‘Genome Annotation’ at ISMB/ECCB2004. To foster worldwide interactions, the
BioSapiens network was described at several other international meetings in Europe
and US, with encouraging interactions between computational biologists and
experimentalists as one of the objectives. During this period the first meeting with our
scientific advisory board was held in Rome. This group comprises almost exclusively
of experimentalists, and the aim of this meeting was to explain our goals and receive
their advice.

The second Annual General Meeting was held in Cambridge on 11" — 12" April
2005. 37 members of the consortium, representing all contractors gathered for this
meeting. Each work package had required close contact and interaction between
partners during the first year, and the individual work packages took the opportunity
to hold individual meetings. The progress had continued to develop the technical
integration needed to facilitate the distributed annotation effort, using the DAS
technology (Distributed Annotation System). At the end of the second year working
DAS servers had been installed in 24 laboratories, providing 64 data sources for
protein, genomic and structural annotations. The BioSapiens portal was well
established and provided the central hub for the network and the central shop-window
for the project’s annotations, so that all the annotations from all the laboratories could
be simply viewed at a single site.

The two thematic work packages (on Down’s Syndrome and HCV and HIV viruses)
progressed well in the second year. In accordance with the original plan these work
packages had essentially been completed and a new thematic work package on
annotating the ENCODE proteins agreed and to start on 1/1/2006.

The extensive outreach programme continued in the second year. Additional activities
in this year were the support for the 2005 Bologna Winter School in Bioinformatics; a
Pre-SIG meeting on ‘Genome Annotation’ at ECCB2005 in Madrid, and the
organization of a bioinformatics session during the ESF bi-annual conference on
“functional genomics and disease” in Oslo (September 2005), where BioSapiens also
organized a workshop to discuss with a set of relevant experimental biologist their
needs and views on automatic annotation. These experimentalists were very positive
about BioSapiens and the DAS annotations and encouraged us to proceed with vigour.

The third Annual General Meeting was held in Barcelona on March 27 — 29, 2006. 65
members of the consortium, representing all contractors, attended the meeting. The
individual work packages also held their meetings in connection with the AGM. It
was agreed that in the fourth year of the network some work packages would be
combined, as the need for deeper integration had become apparent. Further progress
in the technical integration needed to facilitate this distributed annotation effort had
been made, using the DAS technology (Distributed Annotation System). At the end of
the third year, working DAS servers installed in 24 laboratories, providing 69 data
sources for protein, genomic and structural annotations. The major challenge in the



third year was to improve the DAS clients, and to move towards making the
information presented easier to understand and use. This involved classifying the
annotations, so that they could be sensibly grouped, and adequately documented. In
the longer term, this work will allow us to compare annotations of the same features
derived in different laboratories, possibly generating consensus annotations and
thereby enhancing the integration. The BioSapiens portal was well established and
provided the central hub for the network. However additional DAS clients were being
developed and the web services technology championed by the EMBRACE Network
of Excellence utilised, with their collaboration.

The ENCODE thematic work package, in which many of the partners were involved,
had been a major challenge of integration and delivery. The paper describing this
work was accepted for publication in Proceedings of the National Academy of
Sciences.. This work certainly promoted interactions between the bioinformatics
groups and will allow the experimentalists to exploit the most up-to-date annotations
available. Two new thematic work packages were agreed for 2007: (1) Annotating
proteins associated with cancer, and (2) Identifying responsible genes under the
phenotype-associated Quantitative Trait Loci (QTLs) identified in a large mouse
screen — the phenotypes included many diseases, so one goal was to identify the genes
which contribute to a given disease.

The outreach programme continued during the third year, and incorporated the
organisation and support of many meetings and workshops, including the 7" “Critical
Assessment of Techniques for Protein Structure Prediction (CASP), the 2006 Bologna
Winter School in Bioinformatics; a Pre-SIG meeting entitled “Genome Annotation: a
BioSapiens Network of Excellence Initiative” at ECCB2006 in Eilat, and the
ENCODE project.

PTT——

Fig 1.2.1 WP104 meeting at Kloster Seeon

The fourth Annual General Meeting was held at Kloster Seeon, near Munich, on April
2" to 4™ 2007. The first year of the new combined work packages had been
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completed, and some success in achieving deeper integration could be noted. There
had been further progress in the technical integration needed to facilitate this
distributed annotation effort, and the major achievement had been to develop the
sequence annotation ontology necessary to display and combine information from
different laboratories. This involved classifying the annotations, so that they could be
sensibly grouped, and adequately documented. This work would allow us in the final
year of the network to compare annotations of the same features derived in different
laboratories, allowing the generation of consensus annotations and thereby enhancing
the integration. In addition the CARGO ‘widget-based’ approach had been developed,
specifically for the cancer thematic project, to provide greater flexibility in presenting
different types of relevant data. The Network was also utilising the web services
technology championed by the EMBRACE Network of Excellence, with their
collaboration.

Three thematic projects were ongoing in the fourth year. In the continuation of the
ENCODE project, experimental validation of protein translation had been started
using a variety of wet methods. This work was focussed on a set of alternate slice
variants (ASVs) first identified in the ENCODE project, but flagged as ‘suspicious’
through the BioSapiens analysis of their protein sequences and structures. Preliminary
results showed that although some of these ASVs were transcribed, they were often,
but not always, present at much lower levels. The two new thematic work packages in
2007 (‘Annotating proteins associated with cancer’, and ‘Identifying responsible
genes under the phenotype-associated Quantitative Trait Loci (QTLs) identified in a
large mouse screen’) had made a good start, and work would continue in year 5.

The extensive outreach programme continued in the fourth year, and included
workshops to promote BioSapiens (see http://www.biosapiens.info/). A major event
was the Special Interest Group workshop on Automated Genome Annotation, which
was organised prior to the ECCB/ISMB meeting in Vienna in July 2007. We
continued our support for the Bologna Winter School with another “BioSapiens
corner” (http://www.biocomp.unibo.it/~school2007/). The consortium was also
involved in the production of a book, dedicated to the BioSapiens methods and
developments, with Dmitrij Frishman as editor. The book was published by Springer
in 2008.

The BioSapiens steering committee and consortium had played major parts in 2006 in
the preparation of a proposal for the ESFRI programme. The “European Life Sciences
Infrastructure for Biological Information” (ELIXIR) was successful and work started
in January 2008.

The BioSapiens project was awarded a 6 month extension, so the final reporting
period covers the last 18 months of the project. Over 60 members of the consortium,
representing all contractors, met for the fifth and final Annual General Meeting held
in Brussels, on April 3", 2008. The restructured work packages, defined last year, had
provided a better platform for integration in this last period. There had also been
further progress in the technical integration needed to facilitate this distributed
annotation effort, using the DAS technology (Distributed Annotation System). Each
laboratory was now providing annotations as appropriate that can be viewed at any
site through various DAS clients. Following the development and publication of the
sequence annotation ontology, the annotations were now presented on the portal in a
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logical order, allowing comparisons between annotations, so enhancing the
integration. The BioSapiens portal and the CARGO ‘widget-based’ approach together
provide great flexibility in presenting different types of relevant data. The project was
also utilizing the web services technology championed by the EMBRACE Network of
Excellence, with their collaboration.

Work on the three thematic WPs continued to the end of the project. In the (WP108)
ENCODE project, the construction of the Epipe pipeline to analyse the data from the
complete human genome automatically had made progress. The Cancer Genome
Thematic Project (WP109) has started by developing tools to handle the data and by
analysing available public data to try to understand the difference between cancer
associated SNPs and acceptable human mutations. In WP110 on QTL analysis,
several new methods and tools had been developed to integrate genetic and expression
data in mouse.

The extensive outreach programme continued in this last period, and included
workshops to promote BioSapiens (see http://www.BioSapiens.info/). The major
event was the workshop entitled “From Genome to Proteome and Biological
Function” held in April 2008 at the Université Libre de Bruxelles, Brussels, which
was open to all scientists and attracted well over a hundred participants. We continued
our support for the Bologna Winter School with two more “BioSapiens corners”
(http://www.biocomp.unibo.it/~school2008/ and /~school2009/.

The “BioSapiens book”, “Modern Genome Annotation: The BioSapiens Network”,
edited by Dmitrij Frishman and Alfonso Valencia with chapters written by most
BioSapiens partners, was published by Springer in November 2008 In addition, four
review articles and a commentary, written and coordinated by the network partners
were published in Genome Biology in early 2009.

In the last 6 months of the project, outreach efforts were focused on promoting and
supporting the proposed ELIXIR infrastructure for biological information. The origins
and development of this proposal, based in part on the three bioinformatics Networks
of Excellence were described at the ELIXIR Stakeholders meeting in Copenhagen,
May 2009. Sgren Brunak’s presentation, “The European Bioinformatics Area —
BioSapiens, EMBRACE and ENFIN”, explained how the three Networks had
effectively created a new form of collaboration within the European bioinformatics
community and would continue in the web services and DAS registries which were
being set up.

B. Joint Research Activities

The research activities can be summarised as (i) infrastructure developments, (ii) new
methods for annotation and (iii) the provision of annotations:

(i) Infrastructure Developments for Annotation and Technical Integration

During the first year, some of the infrastructure necessary for technical integration
and combined visualisation of data from different laboratories was developed. The
choice had been to use the sophisticated Ensembl DAS client for genome data.
However a new protein DAS client had to be developed to view the protein-related
data in 1D (DASTY) and to help improve a client (SPICE) developed in the Sanger
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Institute for viewing these data in 3D. Prototype versions were already developed in
the first year. These clients were made available in the public domain after further
testing during the second period. In principle, the annotations could be viewed from
any site worldwide with a DAS client, but we also designed a prototype BioSapiens
DAS Portal, where all the annotations provided by the network were listed and
viewed simultaneously. Additional infrastructure was also provided, including
reference servers for UniProt DAS (that provide the sequences to be annotated) and
links between genes and expression data, available in ArrayExpress, allowing direct
access of expression profiles for a particular human gene through DAS.

During the second year of the project, a complete client-server infrastructure was
developed and implemented for genome and protein annotation. Further extensions to
infrastructure functionality were being continually developed.

For viewing genomic data, the Ensembl DAS client had been in widespread use for
some time at the end of the second year. For viewing protein-related data in 1D, the
novel DAS client DASTY? has been developed using Java and Macromedia Flash.
For viewing protein-related data in 3D, there had been ongoing development of the
SPICE? client, in collaboration with the Wellcome Trust Sanger Institute. Both the
DASTY and the SPICE clients had been released to the public by the end of 2005.

In early 2006 (at the time of writing the second annual report) there were 64 data
sources for protein, genomic, and structural annotations provided by the BioSapiens
network partners. These annotations could be listed and viewed via the publicly-
available BioSapiens DAS Portal.

The BioSapiens DAS Portal also provided access to the BioSapiens DAS Server
Information Resource (BioSapiensDIR) which was developed and released as a
comprehensive, centralised resource to view the registered DAS servers within the
BioSapiens network. This information was continuously updated via automated
health-checks, such as testing DAS requests (e.g. using the dsn, features, types
and entry_points commands), and checking whether a UniProt-specific data-source
supplies an MD5 checksum with returned annotation data. BioSapiensDIR is closely
linked to data-source registration information stored in the Sanger public DAS
registry.

During the third reporting period, the following improvements to the infrastructure for
annotations were made:

Work Package Improvements to Bioinformatics Infrastructure in 2006
2, Regulators and - Tools for display and analysis of ChIP-chip data, within
Promoters Ensembl
- Web services for cis-regulation RSAT, including
workflows
3, Expression - Seamless integration of expression data with Ensembl
browser
- Web site for EEL Prediction
4, Variation (haplotypes - GSCANDB developments for storing and visualising
and SNPs) eQTLs and extension to other species




5, Protein families,
orthologues

Protocol to improve protein family annotations in DAS,
by adding reliability scores or free text

6, Membrane Proteins and
Ligands

Maintenance of GPCR and KchannelDB databases for
specific membrane protein families

8, Post-translation
modification and
localisation

Several new Neural Network predictors

9, Sequence and Structure
to Function

Web tool to predict specificity-determining functional
residues

The GOTax platform — to identify related proteins,
independent of sequence similiarity

10, Protein-protein
complexes

STRING extended to include annotations collected from
other data resources or manually

11, Pathways and networks

Further development of UniPathway database of
metabolic pathways

12, Distributed
Annotations for Proteins

Test and training sets for prediction programs for 6
different sequence features

Web Service (CaPSuLo) access to predictors of
subcellular location

Web-based DAS client for protein annotation
(DASTY?2)

13, Integration of
annotations for protein
structures

XML exchange for 3D structural motifs & associated
web server

21, DAS Technology

Documentation for ProServer DAS server and client
Adapted SPICE for GENCODE

Server to link GENCODE and UniProt

Introduced DAS capabilities into JalView
Incorporated ordering of features into DASTY
Merger of DAS Registry and BioSapiensDIR

During the fourth reporting period, the following improvements to the infrastructure

for annotations have been made:

Work Package

Improvements to Bioinformatics Infrastructure in 2007

101. Gene Definition/
Alternative splicing

Development of FixPred pipeline, to improve gene
identification

Wiki site for experimental pilot project to investigate
translation of alternative spliced variants from
GENCODE annotation

102. Gene Regulation and
Expression

Extension of Web Services and development of
Workflows for regulatory sequence analysis

New interfaces for transcriptional regulator prediction
‘Regulatory Sequence Analysis Tools’ RSAT Web
Services

104 Protein Function
Annotation

Servers and databases to identify functionally important
residues

10




- Automatic clustering and annotation of protein families
- Data resources for ligand binding sites
- Improvements to Gene-3D website

105 Post-translation
modification, membrane
and localisation prediction

- DaRSy — Dataset Retrieval system to extract sequences of
proteins with PTMs

106, Protein Complexes,
networks and pathways

- Release 7.1 STRING database
- NeAT — Network Analysis Tools website
- UniPathway website and database

107 DAS Infrastructure

- Adding alignment DAS support

- Implementing alignment reference server

- Extension to provide molecular interaction data

- Standardised protein feature ontology

- Extension of DASTY2 DAS client & DAS registry

108 Thematic WP - Epipe —automatic pipeline to annotate splice variants
ENCODE - Methods to identify the principal isoform
109 Cancer - Development of CARGO — Cancer and Related Genes

Online
- DAS server for Cancer-related genes

In the fifth and final reporting period, the following improvements to the
infrastructure for annotations have been made:

Work Package

Improvements to Bioinformatics Infrastructure in 2008-9

101. Gene Definition/
Alternative splicing

Improvement of FixPred pipeline to improve gene identification
Development of a pipeline to identify Selenoprotein genes

102. Gene Regulation and
Expression

Server to compare expression of orthologous genes in mouse
and human

New interfaces for transcriptional regulator prediction

Extension of Regulatory Sequence Analysis Tools (RSAT) to
improve the detection of cis-acting elements in multicellular
organisms

104 Protein  Function

Annotation

BioSerf - Protein structure prediction server

Prototype server for analysing mutations

LigASite — database of biologically relevant binding sites has
been upgraded

FireStar and FireDB have been further developed

DESITE - a database of destabilising regions in proteins has
been established

Prototype protein-protein interface prediction server

GOdot for function prediction has been further developed
MAISTAS — to model ASVs and assess their viability

105 Post-translation
modification, membrane
and localisation prediction

New servers for PTM modification & prediction of membrane
topology

Web service implementation of method to predict specific
kinases for phosphorylation sites

106, Protein Complexes,
networks and pathways

Release 8.0 STRING database
M. Pneumoniae website
DIMA (Domain Interaction Map)
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107 DAS Infrastructure Maintenance and improvements to DAS registry
Further developments of SPICE — for 3D structural data
DAS server for protein interaction data

Improvements to DASTY2 DAS client

Incorporation into IntAct as molecular viewer

108 Thematic WP | Epipe — automatic pipeline to annotate splice variants: inclusion
ENCODE of new methods from BioSapiens partners

109 Thematic WP Cancer | Development of CARGO — Cancer and Related Genes Online

110 QTL Analysis Resource for the genetic analysis of complex traits in mouse

These infrastructures covered all aspects of the network and made both the
annotations and the tools easier to access. Many different changes to the DAS
technology improved its usability.

(if) New Methods for Annotation

One of the objectives of the network was to encourage the development of methods
for genome and proteome annotation. In the first year of the project several such new
methods were developed including promoterwise, to identify cis-regulatory motifs
from comparative genome data; a new version of TMHMM to predict the topology of
membrane proteins incorporating protein domain annotations; SecretomeP — to
identify all secreted proteins and ProP — to identify proteins with furin or general PC
cleavage sites. We further developed standards and tools to retrieve, store and display
metabolic pathway data, a prototype pipeline for functional annotation from structure
— ProFunc, and a database of predicted 3D protein models.

During 2005, various annotation methods were developed, enhanced and released.
Four transmembrane helix predictors were developed and made available for general
prediction use: TMHMM2.0 which is a very fast single-sequence based method, and
other methods which exploit the evolutionary information derived by multiple
sequence alignment - ENSEMBLE (which combines two hidden Markov models and
one neural network), PRODIV_TMHMM 0.91, and a new version of MEMSAT.
All four methods were used to annotate the UNIPROT-human proteome. A neural-
network based method (NetAcet) was developed for prediction of amino-terminal
acetylation., and there was further development of SecretomeP to analyse the human
IPI database. A new web service (MSDmotif) was developed for protein annotation, which
facilitates defining, searching and generating statistics for small structural motifs. A
relational database (gscandb) was developed for viewing genome-scan results and
gene-annotation information by automatically linking to the genome annotation
databases Ensembl, UCSC and NCBI gene. The latest release of Human And
Vertebrate Analysis aNd Annotation (HAVANA) was used for re-annotating HSA21.
ENCODE project patterns were subjected to a combination of computational
predictions, manual curation and experimental verification to build a reference
annotation which was used in a community experiment (EGASP) to evaluate
computational predictions. The reannotation of metazoan Affymetrix microarrays
was performed using a sequence-based procedure which exploits Biomart mappings
to assign and annotate microarray design elements. Diverse annotations were
combined and loaded into the ArrayExpress data warehouse (AEDW). The CORG
framework was utilised for annotating gene regulatory elements and NCBI 35 data,
and enhanced with three new features to increase annotation quality.

12




New methods were also developed for protein structure annotations, including a
method for predicting ligand binding sites, SURFNET-ConSurf and a method for the
characterisation of ligand binding sites, IsoCleft. In addition, a pipeline merging
methods from several partners for the prediction of function was developed, which
allows a user to send a query and runs various algorithms which provide functional

annotation.

Several papers were published describing these new methods.

During the third year of the project (2006), various new methods were developed, or
enhanced and published, as listed below:-

Work Package

New methods developed in 2006

1. Gene Definition/Alternative
splicing

- EGASP - Tools and Data to validate gene
structures

- Tools to optimise # tissues for minimal cost but
maximal coverage of transcript diversity

- Prediction of Alternative Start Sites

- Analysis & Experiments on heterochromatic
fraction of human genome

- ldentifying mis-predicted proteins

2. Regulators and Promoters

- TRAP — Transcription Factor Affinity
Prediction

- Use of Multiple ChIP-chip datasets to find
positive regions, especially for Transcription
Start Sites

3. Expression

- Ranking expression experiments for human
genes

- Method for prediction of Enhancer Element
Locator EEL

4. Variation (haplotypes and SNPSs)

- Methods to interpret and visualise eQTLs

5. Protein families, orthologues

- Methods to map between domain family
resources

6. Membrane Proteins and Ligands

- Profile-profile method to detect remote
homologues for membrane proteins (SHRIMP)

- Method to predict membrane protein topology
and assign protein family using known motifs

7.3D protein structure

- Use of Pcons for model quality evaluation

- Method MEPS for identifying epitopes on
surface of proteins from peptide data

- Method to identify appropriate models for
molecular replacement in protein
crystallography

- Benchmark data set to test methods for choosing
the best template for modelling

8. Post-translation modification
and localisation

- Aurtificial neural network predictors for kinase-
specific phosphorylation

- SecretomeP — integrative method for protein
function assignment for secreted proteins

- Method for the prediction of protein features in
the nucleolar proteome

13




9 Sequence and Structure to
Function

Improved tools for comparing protein binding
sites

Methods to improve location and
characterisation of active site (TreeDet; Xdet;
desite

Method FLORA to identify functionally
distinct subfamilies

Method to identify flexible regions in proteins

10 Protein-protein complexes

Combined scoring scheme for PP interactions in
EciD

Improved method to derive PP interactions from
protein family phylogenetic trees (mirror-trees)

11 Pathways and networks

Development of Pathway Hunter Tool
Evaluation of network analysis tools for
prediction and annotation

The following new methods were developed, or enhanced and published, during the

fourth year:-

Work Package

New methods developed in 2007

101. Gene Definition/Alternative
splicing

Improved methods to identify Transcription
Start Sites, integrating heterogeneous data.
Methods to survey alternative spliced variants
associated with protein coding locus
Automatic pipelines for quality control of
reference Human Gene Sets

102. Gene regulation and
expression

New methods to generate co-expressed gene
clusters

New methods to identify enriched transcription
factor binding in mammalian promoter regions,
incorporating binding affinity predictions

Suite of matrix-based tools for localising cis-
regulatory elements and modules

103. Variation (haplotypes and
SNPs)

Refinement of Methods to interpret eQTLs

104 Protein Function Annotation

Improved methods for family clustering in
Gene-3D & ProtoNet

Methods to characterise functional binding sites
Methods for function prediction

Methods to analyse flexibility and function
New automatic methods for ‘Generic model
quality assessment’” & MODCHECK-EEKS
Protocol for mapping between family resources
G3D-BioMiner — a new pipeline for function
prediction

105 Post-translation modification,
membrane and localisation
prediction

Neural network to predict glycation sites
Lipid raft compartment predictor

Method to calculate free energy of insertion of
helix into membrane, using AA contributions

106, Protein Complexes, networks
and pathways

Method to automatically classify enzymes based
on reaction operators

Improved methods for pathway inference
Improved methods for reconstruction of
metabolic models

14




During 2008-9, various new methods were developed or enhanced and published, as
listed below:-

Work Package New methods developed in 2008/2009
101. Gene Definition/Alternative | Algorithm to detect alternative splicing associated with
splicing Alternative Transcription Start sites

Improved methods to identify abnormal, incomplete and
mispredicted proteins
Method to identify Transcriptionally Active Regions

102. Gene regulation  and | Algorithm to detect enriched transcription factor binding
expression in groups of mammalian promoter regions

103. Variation (haplotypes and | Resampling methods for Mapping QTLs
SNPs)

104 Protein Function Annotation Methods to cluster protein sequences into functional
clusters

Method to predict subunit interactions in large
complexes, using co-evolving residues

FLORA — new method to discover function-related
structural motifs

PIGS - method for predicting immunoglobulin
structures
105 Post-translation modification, | New method to predict acetylation
membrane and localisation | New computational model for transmembrane helices in
prediction mammalian proteins

New method to predict membrane topology based on
free energy contributions for membrane integration
efficiency

These very long lists of new/improved methods highlight the enormous productivity
and excellence of the network, with major advances in almost all aspects of
annotation.

(iii) Annotations Generated by the members of the consortium

In the first year of the project, we decided to use the Human Genome 35 as a first
test set and requested that all members of the consortium should contribute their
annotations for these sequences. In addition to the basic data provided by Ensembl;
UniProt; Interpro and MSD from the EBI — which were all made available through the
BioSapiens Portal, a preliminary list of additional annotations included annotations of
integral membrane proteins (IMPs), 995 mouse quantitative trait loci (QTLs) from the
Mouse Genome Database; predicted catalytic residues, annotated using the Catalytic
Site Atlas and PSIBLAST; membrane protein topology predictions, made using 4
different methods for all membrane proteins; predicted post-translational
modifications; and domain annotations from 3 protein domain family databases.

In the second year, all members of the consortium continued to contribute their
annotations to version 35 of the Human Genome and other organisms; Caenorhabditis
elegans, Gallus gallus, Mus musculus, Pan troglodytes, Rattus norvegicus, Tetraodon
nigroviridis and HIV-1 (strain hxb2). The number of annotations provided increased
greatly and was made available through the BioSapiens Portal.
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It was agreed that in order for biological inferences to be made by the biologist, a
helpful categorisation of the data into groups of similar types would be greatly
beneficial. With an improved order of presentation of the data on the DAS server, it
would be easier to compare the same annotations from different groups, or to combine
different annotations. For example, users would be able to compare the active site
residues from the Catalytic Site Atlas (CSA) with those annotated within UniProt (the
‘ACT _SITE’ annotation) or correlate those active site residues with possible metal or
nucleotide phosphate binding sites. Steps were made to utilize the ‘types’ command
of the DAS protocol so that this could be used to retrieve a list of annotation types
available for an entire data source or just for a particular segment. In the XML
response of this command, each ‘TYPE’ tag provides a mandatory ‘id’ attribute,
which is the unique name of the annotation type. During the second year these
amendments were advertised to the network participants and the implementation of
this command on the partner sites was anticipated. Once this had been implemented
by all, a comprehensive list of annotations could be obtained and a categorisation by
hand of all protein sequence, structure, and genomic annotations took place.

The contributions by members of the consortium in the third year have been
summarised in the table below:

Work Package Annotations made in 2006

1. Gene Definition/Alternative - Genome annotations: cow, tomato, pha aphid,

splicing many fungi & grape

2 Regulators and Promoters - Transcription Start Sites/ Histone modification
sites/Chromatic Accessibility

3 Expression - Annotations of expression for Ensembl genomes
from 38 different arrays

4 Variation (haplotypes and - Expression data in HS mice for hyppocampi,

SNPs) lungs and liver

5. Protein families, orthologues - Protein family annotations provided for protein
domains in many organisms

6. Membrane Proteins and - Annotations for human genome and for putative

Ligands inner membrane proteins

8. Post-translation modification - Catalogue of prokaryotic proteins undergoing

and localisation non-classical secretion

9 Sequence and Structure to - Database of structural differences for flexible

Function proteins — STRuster web site

- Improved PEDANT annotations by
identification of errors
- Improved functional annotations using CATH

domains
- Protein cognate ligands database
11 Pathways and networks - Prediction and annotation of metabolic net
(methionine salvage pathway) in a model
organism
- Detailed annotation of a eukaryotic signalling
pathway

- Metabolic model of Acinetobacter baylyi
- Annotation of Honey Bee genome
- ldentification of core bacterial genome

20 Thematic WP ENCODE - Annotations for 1% of human genome
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The contributions by members of the consortium in the fourth year have been

summarised in the table below:

Work Package

Annotations made in 2007

101. Gene Definition/Alternative
splicing

- Experimental validation/annotation of protein
translation for some ENCODE alternative
spliced variants

104 Protein Function Annotation

- Improved database of orthologous protein
groups in HAMAP

- Multiple specific modelling projects to predict
structure

105 Post-translation
modification, membrane and
localisation prediction

- Subcellular localisation in human genome
- GPl anchors in human genome

106, Protein Complexes,
networks and pathways

- Set of binary interactions for 10,000 human
proteins

- Functional interaction network for M.
pneumoniae

- Reconstruction of metabolic networks in 21 e.
coli strains

- Resequencing and annotation of B subtilis

- Annotation of interactions in 184 genomes

108 Thematic WP ENCODE

- Annotations for 1% of human genome

109 Thematic WP Cancer

- Multiple Annotations on Cancer genes using
both CARGO and DAS

110 Thematic WP Complex Trait
Proteins

- Protein-protein interaction data was used to
annotate the QTL data

All members of the consortium continued to contribute many annotations, which are

summarised in the table below:

Work Package

Annotations made in 2008/2009

101. Gene Definition/Alternative
splicing

Conserved Alternative Splicing between human and
mouse

Experimental identification of
conserved non coding sequences.

interactions between

102 Gene Expression

Identification of all transcription factors (TFs) and
orthologous pairs in human and mouse
Novel sets of cis-regulatory module predictions

103/110 Variation/Haplotypes

High resolution experimental mapping of expression
QTLs in mice.

Experimental Gene Expression and Copy Number
Variation in mice

104 Protein Function Annotation

Prototype consensus DAS tracks

105 Post-translation
modification, membrane and
localisation prediction

The disulphide human proteome

Experimental validation of insertion “free energy”
prediction method for membrane proteins

Prediction of target membrane for membrane proteins
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106, Protein Complexes, | Functional annotation for Mycoplasma pneumoniae

networks and pathways Resequencing and annotation of Bacillus subtilis
Annotations of specific degradosome in Firmicutes and
Mollicutes
Annotations of Domain Interactions

109 Thematic WP Cancer Multiple Annotations on Cancer genes using both
CARGO and DAS

As above, the list of annotations has been extensive and impressive, ranging from
basic gene definitions to detailed annotations of signalling networks.

Where appropriate, the annotations were made available through the BioSapiens
Portal. The list of contributing servers has been combined with the DAS Registry and
can be found under http://www.dasreqgistry.org/. By going to “list sources” and
selecting the label “BioSapiens” a list of all BioSapiens DAS tracks will be displayed.

(iv) Thematic Work Packages

One original target of the consortium was to focus for short periods of time on
specific challenges, for example a subset of proteins or genomes, of relevance for
health. The first two WP were devoted to ‘HIV and HCV’ and ‘Down’s syndrome
(Chromosome 21)’.

In the second year, the two thematic work packages made good progress in their
efforts to coordinate annotation “horizontally” across the whole spectrum. Both work
packages held their planned meetings during 2005, the infectious disease work
package (WP15) in Bonn, Germany, as a combined meeting with the viRgil Network
of Excellence, and the Down’s syndrome work package (WP16) in Hinxton, UK, in
October 2005.

The ENCODE work package which started in 2005 had a major influence on the
network, requiring close integration of the different groups and the annotations they
provided. This required extensive coordination and provided interesting insights into
the impact of alternative splicing on the function of proteins. Most spliced variants
were found to be so radically altered that their original structure and therefore
function was unlikely to be maintained. The network pursued this observation with
some experiments to test if these proteins were actually expressed.

The publication from the ENCODE work package was published in 2007 in
Proceedings of the National Academy of Sciences. Experimental validation for some
of the predicted proteins, to see if they are produced in the cell, was undertaken. The
ePipe tool for automatic presentation and annotation was developed ready for the
scaled-up ENCODE project.

In the final reporting period, WP 108 established an automatic pipeline (EPIPE) to
prepare for annotation of the complete human genome. Several new methods and
tools were also developed. These will be incorporated into the pipeline in the coming
year and be applied once the data from the ENCODE project for the complete human
genome is available.
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The Cancer work package focussed on developing the CARGO approach to
presenting information about cancer genes, to complement the DAS servers. Many
groups contributed annotations about the cancer genes and their mutations using this
CARGO approach. In the final 18 months, WP 109 made several new tools for the
annotations of potential cancer genes from many members of the network. The
CARGO system which incorporates WIDGETS from many groups, allows their
presentation to experimental cancer biologists. A complete analysis framework
MADAS has also been developed. It was hoped to continue this work at the end of
this period, in collaboration with experimental cancer groups, but unfortunately this
project was not funded by the commission.

The QTL Analysis thematic WP incorporated predictions on protein-protein
interactions from members of the consortium, using them to generate networks, in an
attempt to identify the genes and pathways involved in generating the observed
phenotype. During 2008/2009 WP110 has delivered new methods for identification of
genes implicated in mouse models of human disease. By mapping QTLs and eQTLs
in mouse, a useful systems biology resource for the genetic analysis of complex traits
in the mouse model has been provided.

C. Spreading of Excellence Activities

Already during the first year, the Network established a permanent European School
of Bioinformatics, to train bioinformaticians and to encourage best practise in the
exploitation of genome annotation data for biologists. During this first period much
effort was devoted to setting up a workable and durable system to coordinate the
School. One basic training workshop was held in Verona, Italy, followed by the
related Advanced Workshop on ‘Molecular Interactions’. Another School was
organised in early 2005 in Nijmegen, Netherlands. The Verona training workshop,
involving lectures and practicals, was oversubscribed, with 50 participants (44%
female) from 14 countries selected from 118 applications. The feedback on this
course was excellent. The training material for the courses was generated and
presented by the young post-doctoral scientists of the consortium, and freely available
from the BioSapiens web site. The Advanced Workshop involved 25 participants
from 88 applications with excellent presentations and discussions.

In addition BioSapiens provided travelling fellowships for 51 young European
scientists from 18 different countries, to attend the joint ISMB/ECCB 2004
bioinformatics meeting held in Glasgow in July. This was the largest bioinformatics
meeting ever held, with almost 2200 participants and for the first time joined the
international ISMB and European ECCB meetings. The BioSapiens consortium
organised a workshop on genome annotation at this meeting.

The two thematic work packages (which involved close interactions between the
bioinformaticians and the relevant experimental community) were successful in
coordinating their efforts and annotating sequence and structural data. The Down’s
syndrome work package held a preliminary meeting in Geneva to plan chromosome
21 re-annotation strategy. The HIV/HCV workshop was held in Germany in 2005 as a
joint meeting with the viRgil NoE, which targets viral resistance.
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The BioSapiens programme was presented to representatives from large pharma (19
companies) and SMEs (16 companies) in biotechnology as part of the EBI’s Industry
meetings. A workshop for the SMEs has been organised for September 2005.

In the second year, two more European Schools of Bioinformatics were organised,
one in The Netherlands (see above) and one in Madrid, Spain, in September 2005
(followed by ECCBO05). Both schools were very well attended and a long list of
interested students had to be turned down.

We also consolidated the collaboration with the Bologna Winter School with the
organization of a “BioSapiens corner” (http://www.biocomp.unibo.it/~school2005/).

Travelling fellowships were again provided for young scientists to attend the ECCB
2005 European bioinformatics meeting held in Madrid in September 2005. This was
the largest bioinformatics meeting organized at the European level, with 1700
participants. The BioSapiens consortium organised the second workshop on “Genome
Annotation” chaired by Rob Russell (EMBL) with more than 150 participants and 16
speakers. In the context of the conference BioSapiens also organized a workshop to
discuss the structure of the collaboration between masters in bioinformatics at the
European level. The meeting was attended by representatives of different masters as a
follow up to the initial meeting held in Hinxton in 2004.

The collaboration with the ESF programme on “functional genomics” continued in
the second year with the organisation of a session during their bi-annual conference
on “functional genomics and disease” in Oslo (September 2005) in which BioSapiens
sponsored a Bioinformatics session with four invited speakers, and organised a
workshop to discuss the needs and views on automatic annotation with a set of invited
experimental biologist.

BioSapiens was also represented during 2005 at the meetings of other large
consortiums including the EuroMouse in Venice, and the ENCODE NIH (September
05 Bethesda). A consequence of this was the new thematic work package to
collaborate with the ENCODE consortium.

The BioSapiens leaflets were distributed during the “Communicating European
Research” meeting organized by the European Commission in Brussels in November
2005, and an article on the activities of the Network was published in the Eur. J. Hum
Genet. (The BioSapiens Network of Excellence: a European network for integrated
genome annotation. Eur J Hum Genet. 2005 Sep;13 (9):994-7)

Two more Schools were organised during the third project year, in Oeiras (Portugal)
and in Budapest (Hungary). Both Schools were organised in collaboration with the
ENFIN NoE, which contributed a post doctoral reasearcher to teach subjects related to
Systems Biology and Modelling. The school in Portugal was organised after the
meeting of one of the work packages of the ENFIN network, and the participants in
the workshop were able to teach in the BioSapiens school.

Another “BioSapiens corner” was organised during the Bologna Winter School in
February 2006 (http://www.biocomp.unibo.it/~school2006/).
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As in 2004 and 2005, travelling fellowships were provided for young scientists from
to attend ECCB, the European Conference on Computational Biology, held this time
in Eilat (Israel). For logistic reasons the conference was held in January 2007 instead
of the initially proposed date (July 2006). The BioSapiens consortium organised a
third workshop on “Genome Annotation”, chaired by Nir Ben-Tal (Tel-Avid
University).

As part of the activities in automatic annotation, BioSapiens was represented by Anna
Tramontano at the “Automated function prediction” workshop, associated with the
International Society for Computational Biology and organised by Iddo Friedberg and
Adam Godzik (UCSD).

The only thematic work package in 2006 was dedicated to collaboration with
ENCODE, and BioSapiens was represented at the ENCODE annual meeting
(Bethesda, USA July 2006). A one day workshop was organised to assess future
collaborations for the computational and experimental study of the expression and
function of these proteins (BioSapiens — GENCODE workshop, EBI, Hinxton,
November 2006).

In the fourth year two Schools were organised, in Valencia (Spain) and in Basel
(Switzerland), in collaboration with the ENFIN NoE, which contributed to the
teaching of subjects related to Systems Biology and Modelling. In the school in
Valencia, 1. Cases from the CNIO group introduced gene control networks and related
issues, in Basel A. Di Cara introduced concepts and methods in Systems Biology.

At this point the size of our waiting list had started to decrease, and we were receiving
a number of requests equivalent to the number of potential slots for each course. This
probably indicates that the market for these courses was reaching saturation: the
BioSapiens school has fulfilled its objectives and a new formula would be necessary
in the future.

A “BioSapiens corner” was organised at the Bologna Winter School in February 2007
(http://www.biocomp.unibo.it/~school2007/).

For the fourth time, we provided travelling fellowships for young scientists to attend
ECCB, the 6™ European Conference on Computational Biology, which was co-
organised with the International Society for Computational Biology (ISCB) and took
place in Vienna, Austria. In connection with the conference BioSapiens co-organised
the “Biosapiens AFP Genome Annotation” Special Interest Group workshop. This
year the workshop was co-chaired by Christine Orengo, representing BioSapiens.

A good part of the effort of the BioSapiens Steering committee in 2007 was devoted
to the preparation of the proposal for the ESFRI programme. Finally ELIXIR was
successfully organized and started with a kick-off meeting in January 2008.

The major event in 2008 was a workshop organised on April 2" at the Université
Libre de Bruxelles, Brussels, in connection with the Annual General Meeting. The
workshop was entitled “From Genome to Proteome and Biological Function”, and
was open to all scientists. The workshop attracted well over a hundred participants
mainly from Belgium and the Netherlands.

21



In 2009, BioSapiens was presented at the ELIXIR Stakeholders’ Meeting in
Copenhagen, during an open session entitled “From information to the Medicines and
Bioindustries of the Future”.

The European School of Bioinformatics continued in the final period to train
bioinformaticians and to encourage best practise in the exploitation of genome
annotation data for biologists. During the final reporting period two schools,
dedicated to basic training in bioinformatics, were organised, in Hinxton (UK) and in
Brussels (Belgium). Both schools were very well attended.

Fig 1.2.2 The gt European School of Bioinformatics at EBI, Hinxton, UK.

In total over the duration of the project, the schools trained 349 students, more
than 40% of which were women. The geographical distribution of the students, the
instructors and the schools was as spread out as possible. The school can be defined as
a success. It created a community among the post-docs hired by the network and
extended the benefits of BioSapiens to the rest of the community, not only because
young scientists could participate in the school, but also because groups not included
in BioSapiens were selected for running the school and appreciated this very much,
and because it strengthened the collaboration between EU networks (ENFIN,
EMBRACE and FELIX).

The BioSapiens Network continued their collaboration with the Bologna Winter
School both in 2008 (11" — 15™ February) and 2009 (2™ — 6™ February).

We again provided travelling fellowships for young scientists to attend ECCB 2008
(Cagliari, Sardinia) and ECCB 2009 (Stockholm, Sweden). At ECCB 2008,
BioSapiens shared a booth with EMBRACE and ENFIN, and, in collaboration with
EMBRACE, organised a tutorial entitled “Interoperability of bioinformatics software
and databases: how to access databases and algorithms using the Distributed
Annotation System (DAS) and web-service technology”.
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BioSapiens also provided student and young researcher bursaries for the Biochemical
Society meeting entitled “Protein Sequence, Structure and Function” which was held
at the Wellcome Trust Genome Campus on 26™ — 27" January 2009.

At ISMB 2008 in Toronto, Canada, BioSapiens participated in a workshop organised
jointly with AFP (the Automated Function Prediction Special Interest Group).

BioSapiens participated in an Information Workshop on European Bioinformatics
Resources for Small and Medium-sized Enterprises, organised jointly with ENFIN,
EMBRACE and FELICS (an FP6 Inte%rated Infrastructures Initiative project). The
workshop took place in Berlin on the 27™ — 28™ October, 2008, and attracted about 30
participants.

The “BioSapiens book™, correctly entitled “Modern Genome Annotation: The
BioSapiens Network”, edited by Dmitrij Frishman and Alfonso Valencia and with
contributions from most BioSapiens partners, was published in the UK by Springer on
November 18" 2008 (earlier in some countries). In addition, four review articles and
a commentary were published in Genome Biology in early 2009:

e Thornton, J. (for the BioSapiens Network): Annotations for all by all - the
BioSapiens network Genome Biology 2009, 10(2): 401.

e Juncker, AS; Jensen, LJ; Pierleoni, A; Bernsel, A; Tress, ML; Bork, P; von
Heijne, G; Valencia, A; Ouzounis, CA; Casadio, R. and Brunak, S: Sequence-
based feature prediction and annotation of proteins. Genome Biology 2009, 10:
206.

e Loewenstein, Y; Raimondo, D; Redfern, OC; Watson, J; Frishman, D; Linial,
M; Orengo, C; Thornton, J. and Tramontano, A: Protein function annotation
by homology-based inference. Genome Biology 2009, 10: 207.

e Harrow, J; Nagy, A; Reymond, A; Alioto, T; Patthy, L; Antonarakis, SE and
Guigd, R: Identifying protein-coding genes in genomic sequences. Genome
Biology 2009, 10: 201.

e Vingron, M; Brazma, A; Coulson, R; van Helden, J; Manke, T; Palin, K; Sand,
O. and Ukkonen, E: Integrating sequence, evolution and functional genomics
in regulatory genomics. Genome Biology 2009, 10(1): 202.

BioSapiens has been well represented at most major bioinformatics events of the year,
through the partners, in numerous presentations. These are listed in Appendix 1 — Plan
for using and disseminating knowledge: Section 2 — Dissemination of knowledge.

D. Management Actions

The consortium agreement was concluded on 17" February, 2004. The first Annual
General Meeting was held in Rome in late February and approved the budget
proposed by the steering committee. Further administrative procedures were agreed
on, including replacement of a principal investigator, and software and test set
intellectual property issues.

The Steering Committee (Thornton, Brunak, Tramontano, Valencia, Nyberg) has met
regularly throughout the project, covering all aspects of the network, including
finance, integration, courses and workshops. The Training Committee has met on
several occasions to organise the training courses and workshops.
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The second Annual General Meeting was held in Cambridge in April. The annual
review was organised simultaneously, with Professor Barry Honig, Chair of the
Scientific Advisory Board, as the external reviewer. No changes to the consortium
were requested during 2005.

The third Annual General Meeting was held in Barcelona in March 2006. The annual
review was again organised simultaneously, this time with Professor John Findlay,
University of Leeds, as the external reviewer.

The following changes to the consortium were requested during 2006:

1) The removal of Institut Municipal d’Assisténcia Sanitaria from, and the
addition of Centre de Regulaci6 Genomica to, the contract, following the
change of employment by one of the Principal Investigators, Roderic Guigo

2) The removal of Consejo Superior de Investigaciones Cientificas from, and the
addition of Fundacién Centro Nacional de Investigaciones Oncoldgicas Carlos
Il to, the contract, following the change of employment by one of the
Principal Investigators, Alfonso Valencia

3) The addition of the Centre for Research and Technology Hellas to the
contract, following the change of employment by one of the Principal
Investigators, Christos Ouzounis (previously employed by EMBL-EBI).

The fourth Annual General Meeting (and annual review)was held at Kloster Seeon,
near Munich, on April 2" — 4th. A joint BioSapiens Steering Committee/EMBRACE
Executive Board meeting was held in conjunction with the ISMB/ECCB meeting in
Vienna in July.

The following changes to the consortium were requested during 2007:

- The removal of Universitat zu Kéln from, and the addition of Technische
Universitat Carolo-Wilhelmina zu Braunschweig to, the contract, following
the change of employment by one of the Principal Investigators, Dietmar
Schomburg.

The fifth and final Annual General Meeting was held on April 2™ — 4™ at the
Université Libre de Bruxelles, Brussels. The annual review was organised
simultaneously, with Professor John Findlay, University of Leeds, again as the
external reviewer. The Steering Committee (Thornton, Brunak, Tramontano,
Valencia, Nyberg) met four times in 2008.

An extension of the duration of the contract to 66 months was requested and agreed
on July 4™ 2008.

One change to the consortium was requested in 2008: the transfer of contractual rights

and obligations from Consortium Nationale de Recherche en Génomique to
Commisariat a I’Energie Atomique. This was also agreed on July 4™ 2008.
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1.3 Objectives Reached
The BioSapiens Network of Excellence has delivered on all 11 major objectives.

1. Develop an integrated approach for annotation: We have developed a fully
integrated approached for annotation by implementing the DAS ‘Distributed
Annotation System’ for both protein and gene annotation. Better integration of
annotations was further achieved through the ‘sequence annotation ontology’. All the
partners have provided DAS annotations through the BioSapiens portal
(http://www.biosapiens.info/). As part of our thematic work package on the Cancer
genes, more diverse annotations have been integrated through the CARGO
infrastructure system. The ePIPE pipeline for annotating the ENCODE data on the
complete human genome has also been established. We have also developed many
web services, which feed into the EMBRACE catalogue for web servers.

2. Stimulate cooperation with experimentalists: The data used in the
ENCODE and CANCER projects were generated by a large consortium of
experimentalists. These co-operations have been successful, since the data are
generated independently. There are also close bi-partite links between some of the
computational laboratories and experimental groups around Europe. In practise, this
has probably been the most difficult objective to achieve. This aspect is very ‘low-
throughput’ and costly and in practice difficult to implement in a large network.

BIOSAPIENS - number of publications per year
120
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Fig 1.3.1 BioSapiens related publicationsper year.

3. Develop new methods for annotation: We have generated many new
methods for computational predictions in all aspects of the network — genes, proteins
and complexes and networks. This is clear from our impressive publication record
(see Fig 1.3.1: over 400 publications, with over 5000 citations, are directly associated
with the BioSapiens Network of Excellence), the ‘BioSapiens’ book (2008) and the
series of four reviews in Genome Biology, written and coordinated by members of the
consortium (2009).
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BIOSAPIENS - Statistics on citations per paper.
(323 papers in sample: total 5159 citations)
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Mos tcited: Birney etal. (2007) Nature 447 (7146),799: 521 citations
von Mering etal. (2007) Nucl.Acids Res 35, D358: 168 citations
Bryson etal. (2005) Nucl.Acids Res 33, W36: 142 citations

Fig 1.3.2 Citation statistics for BioSapiens related publications(note: many of the uncited
papers were published in 2009).

4. Provide Training: We have provided extensive training through the
‘European School of Bioinformatics’ for basic bioinformatics training, which has run
9 courses, training 349 young scientists from over 20 countries throughout and
outside Europe (see Fig 1.3.3). We have also provided more advanced training in
numerous additional courses and workshops.

M Finland

M Italy
UK

[ Israel

M Germany
Denmark

M Russia
Portugal

M Belgium
Spain
Poland
Switzerland
Turkey
Netherlands
Ireland
Greece

B Sweden

M Hungary

@ Others

Fig 1.3.3 Geographic distribution of the 349 students trained by the Permanent School in
Bioinformatics.

5. Validate Predictions: Some experimental validations and annotations have
been performed to provide annotation of conservation and variation between genome
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sequence and expression in human and mouse. In the final period, experimental
annotations were provided for:

- interactions between conserved non coding sequences.

- gene expression and copy number variation in mice

- an insertion “free energy” prediction method for membrane proteins

- resequencing and annotation of Bacillus subtilis

6. Provide Infrastructure for Annotation: We have provided a full set of DAS
servers and clients, which can Dbe accessed through the DAS registry
(www.DASreqistry.org). With our development of the sequence annotation ontology,
better integration and approaches to consensus predictions are possible. The DASTY
(http://www.ebi.ac.uk/dasty) and SPICE clients for annotating protein features in
sequences and structures respectively has been developed and extended to annotate
protein-protein interactions in IntAct (see Fig 1.3.4 below).The CARGO system for
presenting heterogeneous annotations in a user friendly manner, using the ‘widget’
technology has been further developed to include more widgets from other groups in
the network (http://cargo.bioinfo.cnio.es/ - see Fig 1.3.5 below). We have also
developed EPipe (http://www.cbs.dtu.dk/services/EPipe/) — a pipeline to handle and
annotate the full ENCODE data, when released (see Fig 1.3.6 below).
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Figure 1.3.4: DASTY2 view integrated in IntAct. The second and third features from the
bottom are binding region annotations from IntAct, shown in the context of sequence
annotations from UniProt and InterPro. The binding feature is shown twice because it has
been shown in two independent experiments. Note the overlap of the binding feature
annotation with the extracellular annotation from UniProt (two features above).

27


http://www.dasregistry.org/
http://www.ebi.ac.uk/dasty
http://cargo.bioinfo.cnio.es/
http://www.cbs.dtu.dk/services/EPipe/

Cancer And Related Genes Online

Pd &% NA )14_
@ ) . .
= = f”%‘ . UBio

Genoma Espafia Terwort i INB
ABOUT CARGO

ENTER CARGO Currently, CARGO displays biological information only for human

genes_ Information for other species will be included

HOW TO USE IT
To start using CARGO, fellow these steps:

REQUIREMENTS
sb

Search Search
Example: P53 : DNADamage
=~ 2/ CancerCandidate
Rasits ICl -]
psan2 Results
53 @ :U
K [CIet 0
4 | ABC3
o 12 [C e ACKNOWLEDGEMENTS
Export Lst | aBcas 1 CARGO displays information from different sources. We are
| AB2B 10 12 thankful to the developers and s for
*/ DNADarmage - available services. Enter here to
3 Cancercandidate Expurt List 82

few widgets by dlicking either on their names
eir tabs (top of the da

HOW TO CITE CARGO &

Fig 1.3.5 The CARGO web site.

Users alignment of A. Alignment . B. Analysis L C. Presentation

splice variants

feature
coordinates

Alignment
coloring
T-coffee E | ¥
clustal i ¥ I
; dialign TMHMM i .
Splice variants —— | hma3align f Signalp Translation of

DNA assisted i NetPhos
i PDB Hit

Pfam

H Report

Fig. 1.3.6 General design of the automatic ENCODE pipeline (EPipe).

7. Provide Annotations: We have continued to provide a large number of gene
and protein annotations in all aspects of the network. These are currently available
through the BioSapiens portal, and they are or will soon be visible through the global
Ensembl, UniProt and IntAct data resources.

8. Stimulate best practise: We have promoted best practise within Europe in the
use of genome knowledge captured in annotations, by organising training courses;
establishing collaborations; running meetings and workshops. We have further
strengthened the interactions between the research bioinformaticians around Europe
and the European data service providers, mainly at EBI.

9. Improve Training and Mobility for bioinformaticians: We have trained
and provided improved mobility of young European researchers (PhD and Post-doc)
in the area of bioinformatics and annotation, by research training in individual centres
and through workshops.
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10. Provide Technology transfer: We have continuously kept the EBI’s Industry
Programme, involving 16 companies (which is represented by two persons on the
BioSapiens Scientific Advisory Board) informed of our progress.

11. Further a European research Area in Bioinformatics: We have furthered a
European Research area for bioinformatics, enhancing Europe's role in the academic
and industrial exploitation of genomics, in several ways:

e By contributing to the organisation of the major European and international
Bioinformatics conferences, and organising organised public independent
meetings.

e By encouraging cooperation between laboratories spread around Europe. This
is exemplified in Fig 1.3.7, which illustrates the large number of joint
publications between members of the consortium.

e The BioSapiens Network has been a major influence in the development of the
ELIXIR ESFRI preparatory phase to establish a sustainable infrastructure for
biological information in Europe.

Fig. 1.3.7 Joint publications between members of the consortium.
1.4 Methodologies and approaches

In BioSapiens we have used and developed novel computational approaches both for
the analysis and interpretation of biological data and the development of robust
computational infrastructures, which allow better integration of gene, protein and
functional annotations from laboratories throughout Europe. Building on the ‘DAS’
concept for distributed annotation, we have developed or improved several DAS
clients for viewing data, especially for protein sequences and structures. We have also
employed web services technology to integrate methods. For analysis and prediction,
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many different data mining approaches have been employed in the different
laboratories. To allow better integration between laboratories it proved necessary to
develop the ‘protein sequence ontology’, which is now available for everyone to use.

1.5 Relationship to state-of-the-art

With the flood of sequence data now being generated by the new sequencing
technologies, we clearly need to improve annotation of gene and protein sequences
and structures. The major data resources have teams of curators to look after and
annotate their data. The rise of Wikis and community annotation is also an important
source of hand curation and should be encouraged. However, whilst hand curation
will remain important for many years, it must be helped by as much automation as
possible. This network has developed many new methods to improve automated
annotation in particular for gene annotation, such as for promoters, annotation of
alternatively spliced variants and annotation of protein function. These methods are
clearly at the cutting edge of the field. The DAS registry will be maintained, allowing
users and developers to view their annotations in the light of those provided by others.
This will be a valuable source of annotations for both genes and proteins. The
biological information infrastructure is developing very rapidly and its future shape
and structure are not yet certain. It will be a mixture of centralised and distributed
resources and the BioSapiens network has laid the foundation for one aspect of this
complex knowledge ecosystem.

1.6 Impact of BioSapiens on industry and research sectors

The major lasting impacts of BioSapiens are:
e An infrastructure for distributed automated annotations of gene and protein
sequences and structures
New bioinformatics methods for automated annotations
A cohort of well-trained cooperative young European bioinformaticians
Experimentalists trained to make best use of bioinformatics tools
A coordinated Bioinformatics Research Area in Europe
The foundations of ELIXIR

All these impacts are relevant to life scientists of all persuasions in both the industrial
and academic sectors.

To assess the impact on young scientists involved in the project, a questionnaire was
sent out in early 2009 to all post doctoral researchers (or equivalent). They were asked
where they were working now, what their experience of being involved in a large
European project had been, and how many publications they had got out of their time
with BioSapiens.

Of the 22 people who replied (out of 61), 10 were still at the same institution, but in
several cases their positions had been made permanent and/or they had become
independent researchers with their own funding. Four had gone to work for high-tech
companies in the field of bioinformatics, and seven to other universities, including
Columbia University and Yale. One post doc had left the field and become a manager

30



in public health care, but still felt that working in a large collaboration had helped her
in her career.

All the comments made by the post docs on their experience of working within
BioSapiens were positive. The comments included:

- it helped with reintegration into European science after a long period in USA

- a good opportunity to meet a great number of excellent researchers and to
know about their projects

- itwas very valuable as it allowed me to: 1) to extend the range of my scientific
interests; 2) to start specific scientific collaboration; 3) to feel the European
style of doing science; and 4) to form a general view of the European science
in terms of priorities

- being involved in a collaborative project was fundamental for my career

- very enthusiastic and motivating

- valuable networking

- the possibility of cooperating with leading experts of bioinformatics was very
stimulating

All respondents but two reported at least one publication, with nine publications being
the record and the average three.
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2. Dissemination and use
2.1 Final Plans for using and disseminating knowledge

The knowledge gained from the BioSapiens Network will continue to be made
available and have an impact in the following ways:

The infrastructure developments will be maintained at the site of development. In
particular
e The DASTY client will be linked to UniProt — the global resource for protein
sequence and function information, and as such will become an important part
of its infrastructure. It will also be incorporated into IntAct — the protein-
protein interactions database at EBI.
e The DAS registry will continue to be maintained by the Wellcome Trust
Sanger Institute, as part of their core programme
e The CARGO resource will be maintained at the CNIO by Alfonso Valencia’s
group.
e The EPipe pipeline will be maintained at the DTU in readiness to process the
data released by the whole genome ENCODE project.
e Web services will be maintained by the individual partners as appropriate and
entered into the EMBRACE BioCatalogue of web services, so that they can be
located and accessed by all.

New methods developed in individual laboratories have mostly been published
already. In the future new methods will be maintained by the relevant partner at their
own web site. The annotations provided by the methods will illuminate biological
research over the coming years.

Several further papers generated as part of BioSapiens are still under review and will
hopefully be published in the coming year.

Knowledge generated during this project on cooperation and working practices
between different European laboratories and countries will continue to be critical in
the development of the ELIXIR infrastructure for biological information. This
includes the training aspects of the network, which have played a major role in
shaping the plans for training under ELIXIR.

2.2 Intellectual property

From the outset, the consortium agreed to a simple model, which provided an elegant
mix of public access to annotation and private exploitation of the tools. All the
annotations have been made available in the public domain. In contrast, the software
tools developed for annotation, usually funded in part by member state support,
remains the property of the individual participating laboratories to exploit as they see
fit.
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Appendix 1 — Plan for using and disseminating knowledge: Section 2 — Dissemination of knowledge

Planned/ | Type Type of audience Countries | Size of | Partner(s)
actual addressed | audi- responsible/
dates ence involved
January Press release General public and | All EBI
2004 scientific community
18 March | EBI Industry Programme meeting Professional UK + other | 25 EBI
2004 bioinformaticians European
from industry
19  April | SME Forum Representatives from | UK + other | 15 EBI
2004 small and medium- | European
sized biotechnology
companies
11-12 May | "Communicating European Research™ Conference, Brussels General public and | All Approx | CSIC
2004 scientific community 800
http://europa.eu.int/comm/research/conferences/2004/cer2004/pdf/cer2004report.pdf
July 2004 | Project web site General public and | All EBI
scientific community
http://www.biosapiens.info
19-20 July | Colloquium “experimental approach to genome annotation” organized by American | Invited scientists USA + 120 CsIC
2004 Academy of Microbiology, Washington BioSapiens
invited
http://www.asm.org/Academy/index.asp?bid=32664 speaker
23 June | Meeting of representatives of the European masters’ courses in bioinformatics Invited organisers of | EU 20 EBI
2004 masters’ courses BioRome
http://www.ebi.ac.uk/biosapiens/page.php?page=masters CSIC
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http://europa.eu.int/comm/research/conferences/2004/cer2004/pdf/cer2004report.pdf
http://www.biosapiens.info/
http://www.asm.org/Academy/index.asp?bid=32664
http://www.ebi.ac.uk/biosapiens/page.php?page=masters

30.July Workshop on Genome Annotation (in connection with ISMB/ECCB04) Scientific community | All 70 CsIC
2004

http://www.ebi.ac.uk/biosapiens/page.php?page=meeting&meet=2
31 July — 4 | Poster presenting BioSapiens at ISMB/ECCB04 Scientific community | All >2000 | EBI
August
2004
31  July | Meeting of BioSapiens representatives with Australian Bioinformatics delegation) Interested EU- 15 BioRome
2004 participants Australia
1 October | Further meeting of BioSapiens representatives with Australian Bioinformatics | Interested EU- 15 BioRome
2004 delegation) participants Australia
1 — 3| Scientific meeting (EMBO sectorial meeting in bioinformatics and computational | Specialist  scientific | EMBO BioRome
October biology) community member
2004 states
4 October | BioSapiens Scientific Advisory Board meeting BioSapiens steering | All 12 BioRome
2004 committee + SAB
4-8 Scientific meeting (CAPRI) Specialist  scientific | All 45 BioRome,
December community CsiC
2004 http://capri.ebi.ac.uk/Gaeta.html
8-10 Scientific meeting (CASP) Specialist  scientific | All 150 BioRome
December community
2004 http://predictioncenter.lInl.gov/casp6/
1-4 Presentation of BioSapiens in the “Structural Genomics & Proteomics” Specialist  scientific | All 300 DTU
December | Joint Meeting of EU Projects” community
2004

http://europa.eu.int/comm/research/press/2004/pri911en.cfm
11 - 12 | BioSapiens AGM Consortium, relevant | Network > 100 | EBI
April 2005 scientific community | partners + | expec-

all ted
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http://predictioncenter.llnl.gov/casp6/
http://europa.eu.int/comm/research/press/2004/pr1911en.cfm

22 - 26 Second BioSapiens School in Bioinformatics, Nijmegen Scientific community | EU 50 KUN
January
2005
27 -30 Advanced workshop on G Protein Coupled Receptor Modelling, Nijmegen Scientific community | EU 25 KUN
January
2005
13-19 Bologna Winter School Scientific community | World 150 UNIBO
February wide
2005
11-12 May | BioSapiens Regulation & Gene Expression Meeting, Berlin Scientific community | EU 20-30 | MPIMG
2005
11-12 BioSapiens 2" AGM, Cambridge The BioSapiens Member 100 EBI
April 2005 consortium and countries

Scientific Advisory

Board
18-19 “BioSapiens potential collaboration” description to the ENCODE (NIH) project Scientist associated to | Mainly 150 CsSIC
July 2005 ENCODE USA
6 — 10 | BioSapiens sponsored session (4 speakers) in the 2" ESF Functional Genomics | Scientific community | World 150 CSIC, EBI
September | Conference, Oslo wide aprox.
2005
8 Biosapiens organized workshop with experimental biologist to discuss their specifics | Scientific community | Several 20 CSIC, EBI
September | needs on the field of genome annotation in the context of 2nd ESF Functional
2005 Genomics Conference, Oslo
21 — 23 | BioSapiens-viRgil Workshop on Bioinformatics for Viral Infections, Bonn Scientific community | EU ? MPII
September
2005
19 - 23| Third BioSapiens School in Bioinformatics, Madrid Scientific community | EU 40 CSIC, and
September Biosapiens
2005 postdocs
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http://www.esffg2005.org/
http://www.esffg2005.org/
http://www.esffg2005.org/
http://www.esffg2005.org/

28 Workshop on Genome Annotation (in connection with ECCBO05) Scientific community | World 150 EMBL, CSIC
September | http://www.eccb05.org/workshop_session.htm wide
2005
30 Meeting of representatives of the European masters’ courses in bioinformatics | Scientific community | EU 30 BioRome,
September | (during ECCB2005) CsiIC and
2005 others
6 — 7 | BioSapiens workshop on human chromosome 21, Hinxton WP16  participants | EU 30 UNIGE
October and collaborators
2005
14 - 15 | EuroMouse conference, Venice Scientific community | Mainly EU | 100 EBI
October
14 — 15 | Communicating European Research, Brussels: distribution of BioSapiens leaflet Scientific community | EU >2000 | EBI, CSIC
November and communication
2005 professionals
8-11 Scientific meeting Scientific community | Mostly 100 BioRome
February Institute for Biocomputation and Physics of Complex Systems, Zaragoza Europe
2006
18 -23 Bologna Winter School Scientific community | World 150 UNIBO
February wide
2006
27 -29 BioSapiens 3" AGM, Barcelona The BioSapiens Member 100 IMAS
March consortium and countries
2006 Scientific Advisory

Board
3-5 May | Workshop on Sequence, Structure and Systems Approaches to Predict Protein Scientific community | World 200 BioRome
2006 Function, Piscataway, NJ, USA wide
15-19 The Fourth European School of Bioinformatics Scientific community | EU 50 BioRome
May 2006 | Oeiras, Portugal
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1-3June | ltalian Biochemical Society, Novara, Italy Scientific community | Italy 200 BioRome
2006
3-9June | Scientific meeting (Biological Networks) Specialist scientific World 32 BioRome
2006 Bertinoro, Italy community wide
2429 June | 31" FEBS Congress, ISTANBUL, Turkey Scientific community | EU 2000 BioRome
2006
30 August | Scientific meeting (Automated function prediction) Specialist scientific World 100 BioRome
—1 Sept University of California San Diego community wide
2006
4-8 The Fifth European School of Bioinformatics Scientific community | EU 50 ENZIM
September | Budapest, Hungary
2005
7 BioSapiens — GENCODE workshop Scientists associated | Member 30 EBI, CRG
November | Hinxton, Cambridge with GENCODE countries,
2006 USA
24 Science and society meeting (“NOW, meetings in the present continuous™) | General Spain 300 CsIC
November | Barcelona, Spain
2006
26 — 30 Scientific meeting (CASP) Specialist scientific World 150 BioRome
November | University of California community wide
2006
29 Nov — | The RegCreative Jamboree Specialist scientific World 43 EBI
1 Dec Ghent, Belgium community wide
2006
4-8 BiolnfoSummer2006, Canberra, Australia Scientific community | World 100 BioRome
December wide
2006
Jan 2007 ECCB2006, Eilat, Israel (postponed from September 2006) Scientific community | World n/a CSIC, EBI

Workshop “Genome Annotation” wide

Travel fellowships for young scientists
21.1-21.1 | BioSapiens workshop, Eilat Israel Scientific community | World 150 CNIO
2007 wide
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18 -23 Bologna Winter School Scientific community | World 150 UNIBO
February wide
2007
26 — 28 DAS developers workshop + DAS feature classification workshop, Hinxton Consortium + Member 30 EBI, Sanger
February specialist scientific countries
2007 community
2 — 4 April | BioSapiens 4™ AGM, Kloster Seeon The BioSapiens Member 60 GSF
2007 consortium and countries

Scientific Advisory

Board
26 — 30 6" European School of Bioinformatics, Valencia, Spain Scientific community | EU 40 BioRome
April 2007
30 April — | International Symposium on Health Informatics and Bioinformatics, Turkey Scientific community | World 100 BioRome
2 May wide
2007
4-6 July The 26th Leeds Annual Statistical Research Workshop Scientific community | EU 150 BioRome
2007
19-20 BioSapiens-AFP SIG, ISMB/ECCB, Vienna, Austria Specialist scientific World 100 UCL
July 2007 community wide
27 -31 70 European School of Bioinformatics, Basel, Switzerland Scientific community | EU 40 SIB
August
2007
31 Oct SME Forum meeting at EBI (jointly with ENFIN) SMEs EU 15 EBI, CNIO
2007
4 -7 Dec | EMBRACE-BioSapiens workshop on web services, Manchester, UK BioSapiens and EU 15 EMBRACE
2007 EMBRACE NoE
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11-15.2 Bologna Winter Schools 2008 and 2009 Scientific community World 150 UNIBO
2008 / wide
2-6.2.2009
2.4.2008 BioSapiens Workshop “From Genome to Proteome and Biological | Scientific community EU 30 EBI, ULB
Function”, Université Libre de Bruxelles
2-4.4.2008 BioSapiens 5" AGM, Brussels BioSapiens consortium and | Member 68 EBI, ULB
Scientific Advisory Board countries
22 - 24.4 | CASP7.5, Madrid, Spain Scientific community World 50 BioRome
2008 wide
12-16.5. g European School of Bioinformatics, Hinxton, Cambridge, UK Scientific community EU 40 EBI,
2008 BioRome
18-19.7 Automated Function Prediction Special Interest Group meeting at | Scientific community World 100 HUJI
2008 ISMB2008, Toronto, Canada wide
22.9.2008 “Interoperability ~ of  bioinformatics  software and  databases” | Scientific community Europe 40 EBI
- tutorial (with EMBRACE) at ECCB2008, Cagliari, Sardinia
22-26.9 Booth distributing information on BioSapiens (jointly with EMBRACE | Scientific community Europe 200 EBI
2008 and ENFIN) at ECCB2008, Cagliari, Sardinia
1 — 4.10 | 3 ESF Conference on Functional Genomics and Disease Scientific community Europe 150 EBI, CNIO,
2008 Innsbruck, Austria approx | BioRome
27 - 28.10 | SME Forum jointly with ENFIN, EMBRACE and FELICS Small and medium size | EU 30 EBI
2008 Berlin, Germany enterprises
20 — 21.11 | Presentation of BioSapiens at Networking Meeting for EU-Funded | Scientific community/funders | EU 100 CNIO
2008 Biobanking Projects, Brussels approx
3 — 7.12 | CASPS8, Cagliari, Italy Scientific community World 100 BioRome
2008 wide approx
26 — 30.1 | 9" European School of Bioinformatics, Brussels, Belgium Scientific community EU 40 ULB,
2009 BioRome
18 - 20.5| ELIXIR Stakeholders Meeting, Session “From Information to the | Scientific community, | EU 150 DTU, EBI
2009 Medicines and Bioindustries of the Future”, Copenhagen, Denmark research funders
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2008 PUBLICATION: “Modern Genome Annotation: The BioSapiens | Scientific community World n/a Consortium
Network”, edited by Dmitrij Frishman and Alfonso Valencia. Springer wide
2008.
September Editorial in the eStrategies magazine on the EU-funded projects | General Europe 39,000 | EBI, CNIO
2008 coordinated by the EBI (ELIXIR, EMBRACE, ENFIN and BioSapiens). wide
2009 PUBLICATION: BioSapiens review series in Genome Biology Scientific community World n/a Consortium
e Thornton, J. (for the BioSapiens Network): Annotations for all by wide

all - the BioSapiens network Genome Biology 2009, 10(2): 401.

e Juncker, AS; Jensen, LJ; Pierleoni, A; Bernsel, A; Tress, ML;
Bork, P; von Heijne, G; Valencia, A; Ouzounis, CA; Casadio, R.
and Brunak, S: Sequence-based feature prediction and annotation
of proteins. Genome Biology 2009, 10: 206.

e Loewenstein, Y; Raimondo, D; Redfern, OC; Watson, J;
Frishman, D; Linial, M; Orengo, C; Thornton, J. and Tramontano,
A: Protein function annotation by homology-based inference.
Genome Biology 2009, 10: 207.

e Harrow, J; Nagy, A; Reymond, A; Alioto, T; Patthy, L;
Antonarakis, SE and Guigd, R: Identifying protein-coding genes in
genomic sequences. Genome Biology 2009, 10: 201.

e Vingron, M; Brazma, A; Coulson, R; van Helden, J; Manke, T;
Palin, K; Sand, O. and Ukkonen, E: Integrating sequence,
evolution and functional genomics in regulatory genomics.
Genome Biology 2009, 10(1): 202.
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