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1. PROJECT EXECUTION

1.1 Summary description of project objectives
The objective of the EMBRACE Network of Excellence was to draw together a wide group of experts throughout Europe who were involved in the use of information technology in the biomolecular sciences. The EMBRACE network aimed to optimise informatics and information exploitation by pure and applied biological scientists in both the academic and commercial sectors. The result is highly integrated access to a broad range of biomolecular data and software packages.
Groups in the network have been involved in:

· collection, curation and provision of biomolecular information

· development of tools and programming interfaces to exploit that information

· tracking and exploiting advances in information technology with a view to their application in bioinformatics

· training and outreach to groups which can benefit from the work of the network.

These groups worked together to enable highly functional interactive access to a wide range of biomolecular data (sequence, structure, annotation, etc.) and tools to exploit the data.  This, very naturally, included many core databases and tools available from the EBI; but, crucially, the methods used support the integration of dispersed, autonomous information.

The integration of dispersed, autonomous information requires the integration of widely distributed services. Clearly defined standards were required to achieve this goal so that data content and analysis tools worked together under a common interface. EMBRACE dedicated a work package to developing and maintaining the recommended standards for service development and deployment.

To demonstrate the effectiveness of the EMBRACE approach a set of test cases was required. Each test case addressed a specific biological or technological problem and served three purposes: to demonstrate the biological usefulness of the EMBRACE services, to identify requirements for new service functionality, and to drive the technological developments needed for closer interoperability.

Through their EMBRACE collaboration, groups throughout Europe are enabled to integrate their own local or proprietary databases and tools into the framework provided by the joint efforts to identify and develop recommended standards for the integration of the diverse set of closely coupled resources. EMBRACE has developed a registry of bioinformatics services and an annotation standard using a new ontology (EDAM) that now cover more than half of all services in the new BioCatalogue registry at EMBL-EBI. These services and their standards will be the key permanent products of the project.

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

Members of the Consortium

The network involves the following contractors:

Graham Cameron, European Bioinformatics Institute, UK

Toby Gibson, European Molecular Biology Laboratory, Germany

Andreas Gisel, Institute of Biomedical Technologies, Section Bari, Italy

Teresa Attwood, University of Manchester, UK

Marco Pagni, Swiss Institute of Bioinformatics, Switzerland

Erik Bongcam Rudloff, University of Uppsala, Sweden

Vincent Breton, Centre National de la Recherche Scientifique, France

Søren Brunak, Centre for Biological Sequence Analysis, Denmark

Jose Maria Carazo, Centro Nacional de Biotecnologia/Consejo Superior De Investigaciones Científicas, Spain

Arne Elofsson, University of Stockholm, Stockholm Bioinformatics Centre, Sweden

Daniel Kahn, Institut National de Recherche en Informatique et en Automatique, France

Ralf Herwig, Max-Planck-Institute for Molecular Genetics, Germany

Eija Korpelainen, Finnish IT centre for Science, Finland

Christine Orengo, University College London, UK

Yitzhak Pilpel, The Weissmann Institute, Israel

Gert Vriend, Centre for Molecular and Biomolecular Informatics, University of Nijmegen, Netherlands

Alfonso Valencia, Centro de Astrobiologia, Spain

Inge Jonassen, University of Bergen, Norway

Management of the Consortium

The network is coordinated by Mr. Graham Cameron (cameron@ebi.ac.uk) at the European Bioinformatics Institute (an Outstation of EMBL), and managed by Dr. Kerstin Nyberg (knyberg@ebi.ac.uk) and Mr. Peter Rice (pmr@ebi.ac.uk). The Executive Board also includes the 5 Work Package Coordinators Peter Rice (Data Content), Alan Bleasby (Analysis Tools), Vincent Breton (Technology Watch), Erik Bongcam-Rudloff (Test Cases) and Gert Vriend (Outreach).

Three prominent members of the research community form our Scientific Advisory Board. The Board members are:

Dr Kay Hofmann, Bioinformatics Group (Chair)

Dr Mathew Woodwark, Cambridge Antibody Technology

Prof. Rita Casadio, University of Bologna

1.2 Work performed and end results 
The first two years of the network were a prototyping phase in which the partners explored the available technologies, investigated new biological test cases, and developed example services for their own data and analysis resources. In the second year, the Technology Watch Work Package (WP3) made recommendations of technologies to be adopted as standard for EMBRACE services. By the end of the second year, standard services were available for all of the prototypes provided for internal research in years 1 and 2. These were made publicly available and maintained as standards for the remainder of the project.

The technology recommendation supported the early efforts directed towards web services. Other partners were trained in web service technology and methods, and have successfully implemented their services in line with these standards.

In years 3 and 4 the partners produced updated their web services and developed new services to meet the full recommendations from the technology watch work package. Workshops with experimental biologists produced new test cases to explore significant biological problems and to further test the interoperability of services.

The need for a public registry of all EMBRACE services became clear. It was also evident that there was no existing standard for the semantic annotation of web services with clear and concise descriptions of their methods and data inputs and outputs. EMBRACE partners worked throughout the final two years to build both the EMBRACE registry and the EDAM ('EMBRACE Datatypes And Methods') ontology. The EMBRACE registry will continue as the BioCatalogue, maintained by EMBL-EBI. The EDAM ontology will be further maintained and developed by the EMBOSS team, also at EMBL-EBI.
A. Integrating Activities

The network partners met at the first annual general meeting in March 2005 in Copenhagen, Denmark. Individual Work Packages held separate sessions to coordinate their research activities and for their own steering committees, to discuss the work programme, and to plan deliverables and milestones. Considerable progress had been made in identifying the core technologies to be used in developing the EMBRACE Grid, and training had been provided to partners through workshops and by email.

The Technology Evaluation and Watch Work Package had involved the participation of many partners to address the issues relating to the other Work Packages. A joint workshop with the EGEE grid project established interest in an EMBRACE Virtual Organization within the EGEE grid, and provided training for EMBRACE partners in the potential core technologies under evaluation.

Other outreach activities during the first year included a workshop to explore the issues of data and analysis tool integration through the development of bio-ontologies. Partners from the data and analysis tools workpackages also attended.

In the second year, the network partners met for their annual general meeting in March 2006 in Uppsala, Sweden. Again, the individual Work Packages held sessions to coordinate their research activities, and to plan deliverables and milestones. Because of their close interdependencies, the data and tools workpackages held a joint session. We made and agreed recommendations on the core technologies to be used to develop EMBRACE services, and provided training to partners through workshops and support by email. A support group was established in Manchester to provide technical assistance to all the partners.

At the IEEE E-Science 2006 conference in Amsterdam the EMBRACE approach to service provision and service integration, developed by the Technology Evaluation and Watch WP, was included in a technical panel discussion. Our approaches were well received.

Other outreach activities in the second year included workshops to provide training in workflows (Nijmegen/EBI), web service technologies (Helsinki), and a practical workshop (Bergen) for web service developers.

The third annual general meeting was held in April 2007 in Lyon, France, and included as usual individual Work Package sessions. The data and tools Work Packages held a joint session also at this meeting. 

Six of the partners involved in WP1 (Content Integration) had produced deliverables this year. In addition, partner 1 (EBI) had extended their data retrieval services by developing a set of web service methods that mirrored the new EB-eye simple query box on the main EBI web pages. WP2 (Analysis Tools) partners had produced 13 deliverables covering a broad set of analysis for sequences, structures and other biological data. In WP3 (Technology) the partners had implemented test cases in a Grid environment, and extended the capabilities of the Taverna workbench client for workflows. The WP4 (Test Cases) web portal had been replaced by a new backend system and with updated content. A set of rules had been adopted for the submission and selection of new test cases. WP5 (Outreach) activities in the third year included 8 workshops and sponsorship of the joint ISMB/ECCB conference in Vienna.

The consortium held its 4th Annual General Meeting in April 2008 in Heidelberg, Germany. In addition to the main (review) meeting and the consortium business meeting, two work package meetings were also held, one jointly for WP2 and WP3, and the other one jointly for WP3 and WP4. 

For WP1 and WP2, the close interdependencies of the data and tools work packages made a joint session appropriate, whereas both WP3 and WP4 are closely involved in providing solutions for the test cases in WP4, and in the evaluation and recommendation of web services. 

In WP1 (Content Integration) we produced one deliverable in year four. Four partners had outstanding deliverables from the original workplan, and these were all scheduled for completion in the final year. Prototype services were already in use in each case. WP2 (Analysis Tools) partners had produced 15 deliverables covering a broad set of analysis for sequences, structures and other biological data. In WP3 (Technology) the partners had implemented test cases in a Grid environment and extended the capabilities of the Taverna workbench client for workflows. A new working group had been formed to address the definition of a standard ontology of data types and service functions. The WP4 (Test Cases) web portal included new test cases that focussed on integration issues for the final year of the network. WP5 (Outreach) activities included 5 workshops organised by the consortium, participation at numerous national and international meetings, and sponsorship of the ECCB conference in Cagliari.

In the final year, the anticipated portfolio of web services for data content and tools was completed, with a major effort to create both the EMBRACE registry of services (in collaboration with the newly starting BioCatalogue project which will take over the daily maintenance of the registry contents) and also of the EDAM ('EMBRACE Datatypes And Methods')  ontology which was used to comprehensively annotate the web services with semantic details of their functions, data inputs and data outputs.

B. Joint Research Activities

Progress was made in the first year towards the development of standard data resource services through the implementation of a number of prototype services for core databases by several partners. These services were considered to be prototypes as the Technology Evaluation was planned to be completed mid way through the second year. The underlying methods were established, but their interfaces were subject to change before they would become public EMBRACE services. As an additional safeguard, some core resources were made available through more than one prototype.

Similarly, progress was made towards the provision of analysis tool resources under a common interface. Key issues were identified through collaboration with the Taverna Workbench project which integrated EMBRACE prototype web services with many other service prototypes worldwide.

Partners met with experimental biologists at a workshop in Uppsala, Sweden, to identify new biological test problems which required data and analysis resources beyond those originally proposed. These test cases formed the key focus for future development of EMBRACE services and were evaluated by the Data Content and Analysis Tools service providers, and by the Technology Watch work package.

Further progress was made in the second year. The underlying methods for the development of standard data resource services through the standardisation of a number of prototype services for core databases were established, and the interfaces had become standard. There was, however, scope for further improvement by extending the documentation of these services through metadata which could be both human-readable (so workflow authors would be able to read the documentation) and machine readable (tools to assist workflow development needed to discover appropriate services and ensure they are correctly combined). The metadata was extended in close collaboration with the Taverna support staff in Manchester and EBI who had prior experience of manually curating workflows metadata. With the release of the Pedro tool (also used by the systems biology community) with Taverna 1.5 we now had access to their metadata curation facilities.

Another workshop for meeting with experimental biologists was held in Uppsala, Sweden, to identify new biological test problems which required data and analysis resources beyond those originally proposed. These test cases formed the key focus for future development of EMBRACE services and under evaluation by the Data Content and Analysis Tools service providers, and by the Technology Watch Work Package.
In the third year, progress was made towards the development of standard data resource services through the standardisation of the remaining early prototype services for core databases by several partners. The underlying methods were established, and the interfaces now standard. As previously, further improvement was possible by extending the documentation of these services through metadata which can be both human-readable and machine readable. The collaboration with the Taverna support staff in Manchester and the EBI to extend the metadata continued.

The Taverna workbench which had been adopted as a demonstration client for scientific workflows using EMBRACE services had undergone a radical redesign in the third year. The introduction of new features began with the release 1.7, and by the time version 2.0 appeared Taverna would be better suited to very large workflows.
In the fourth year, further progress was made as standardisation of the remaining early prototype services for core databases was achieved by several partners. 
The Taverna workbench underwent another radical redesign. A new version, Taverna 2.0, was released in the past year and introduced new features better suited to very large workflows, with large volumes of data and large numbers of data files managed by a new data referencing system.

Partners met for a third time with experimental biologists at a workshop in Uppsala, Sweden, to identify further new biological test problems which required data and analysis resources beyond those originally proposed. These test cases remained the key focus for future development of EMBRACE services and under evaluation by the Data Content and Analysis Tools service providers, and by the Technology Watch work package. Five new test cases were defined by the participants, each targeted to aspects of interoperability from data interoperability to biological function and interactions with other networks.
During the project, EMBRACE partners have developed standard data resource services across bioinformatics from nucleotide and protein sequence data to image analysis and regulatory networks. These services were further improved in the final period by extending their documentation through metadata defined in the new EDAM ontology which can be both human-readable (workflow authors have to be able to read the documentation) and machine readable (tools to assist workflow development need to discover appropriate services and ensure they are correctly combined). 

The Taverna workbench which we have adopted as our demonstration client for scientific workflows using EMBRACE services continues to undergo a radical redesign. A new version, Taverna 2.0, was released in 2008 but is soon to be superseded by a new Taverna 3.0 architecture. EMBRACE services work with the original and 2.0 versions of Taverna. The common architecture and standards of EMBRACE services, and the large number of services available, make it a priority for the Taverna developers to support the service interfaces and to make increasing use of their annotations. The Taverna developers are close partners of the BioCatalogue project which has adopted EMBRACE service standards through collaboration with the developers of the EMBRACE registry.
C. Spreading of Excellence Activities

A web portal was established during the first year (www.embracegrid.info) with public information for the biological research and bioinformatics communities, and for internal communication among the EMBRACE partners.

EMBRACE was presented at grid symposia in Taiwan and Singapore, and at a workshop in Malaga where it was well received.

In the second year, the web portal was further developed to provide a wider range of information to different communities, as well as providing a forum for for internal communication among the EMBRACE partners on the restricted part of the web site.

The portal was further extended by adding a Wiki (editable web pages) which was publicly available at www.embracegrid.info/dokuwiki. This was where descriptions of data and tool web services were maintained and exchanged, and it also provided a central location for checking conformance to technical standards.

WP3 (technology watch) maintained a web portal at http://embrace-wp3.healthgrid.org/, and WP4 (test cases) a web portal for work on test case descriptions at https://bioinformatics.bmc.uu.se/WP4/ 

During the third year we extended the portal by adding the list of publications to the publicly accessible section. We also started a list of secondary deliverables like seminars presented, national workshops participated in, etc.

The sections of the WP3 and WP4 portals which were of more of general interest were copied and stored at the central portal in a common format with the rest of the EMBRACE portal. In the fifth year, a new web manager (part time) took over the EMBRACE portal management. Many minor corrections and improvements were made, including bringing the publications and workshops lists up to date. 
A new web manager (part time) took over the EMBRACE portal management in the autumn of 2008. He now has a PhD position at the CMBI, and will remain available for portal maintenance for the next few years at least. The last period of the EMBRACE project has been characterized by preparing the portal for its life after EMBRACE. We will now collect all deliverables and then rebuild the portal without all the internal management fields and just sing the glory of EMBRACE and give people access to the deliverables which have long term value.

D. Management Actions

. 
The first Annual General Meeting was held in Copenhagen, Denmark and approved the budget proposed by the executive board. Further administrative procedures were agreed on, including the online project infrastructure (website and internal mailing lists). The consortium agreement was concluded on 24 February 2005. The Executive Board (Cameron, Nyberg, Rice, Bleasby, Breton, Bongcam-Rudloff, Vriend) met three times in the first year, covering all aspects of the network.
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The first EMBRACE AGM.
The second Annual General Meeting, and first project review, was held in Uppsala, Sweden, on March 21st – 22nd. The external reviewer was Dr. Stefan Hohmann, Department of Cell and Molecular Biology/Microbiology, Göteborg University.
The Executive Board met twice in the second year. In addition to full meetings, the members of the executive were in frequent contact throughout the year. One change to the consortium was requested and approved during the second year of the project:

· The addition of the Computational Biology Unit of the University of Bergen (Principal Investigator Inge Jonassen), with effect from June 1st, 2006.

In the third year, the Annual General Meeting (incorporating the annual review) was held in Lyon, France, on April 23rd – 24th, 2007. Dr. Stefan Hohmann was once again the external reviewer.

The Executive Board met theree times in the third year, and a joint meeting was held with the BioSapiens Steering Committee in Vienna in July 2007.  

The following changes to the consortium were requested and approved during the third year of the project:

· The participation of Institut National de la Recherche Agronomique (INRA) was terminated with effect from 31.1.2007.

· Institut National de Recherche en Informatique et en Automatique (INRIA-UCBL) was added as Contractor with effect from 1.2.2007.

The fourth Annual General Meeting was held in Heidelberg, Germany, on April 22rd – 23rd, 2008. The annual review of the project was organised in connection with the AGM, with Dr. Stefan Hohmann, once again as the external reviewer.
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AGM attendees in Heidelberg

The Executive Board met twice in the fourth year.
No changes to the consortium were requested during the fourth year of the project.

The fifth and final Annual General Meeting was held in Geneva, Switzerland on 12th – 13th May 2009. The annual review of the project was organised in connection with the AGM, with Dr. Stefan Hohmann participating remotely as the external reviewer.

The Executive Board met twice in the final period. 

No changes to the consortium were requested during the final period of the project.

1.3 Objectives Reached

1.3.1 Overview of General Project objectives and relation to state-of-art at the start of the project
The objective of this network was to draw together a wide group of experts throughout Europe who were involved in the use of information technology in the biomolecular sciences. The aim of the EMBRACE network was to optimise informatics and information exploitation by pure and applied biological scientists in both the academic and commercial sectors.

The network worked to integrate the major databases and software tools in bioinformatics, using existing methods and emerging Grid service technologies. The integration efforts were driven by an expanding set of test problems representing key issues for bioinformatics service providers and end-user biologists. As a result, groups throughout Europe are now able to use the EMBRACE service interfaces for their own local or proprietary data and tools.

The many publicly available collections of biomolecular information do a reasonable job for a given domain. Software tools to organise and analyse this information are available both in the public domain and commercially. Cross-references in these databases in principle allow inter-database navigation; however, the links have been sparse and coarse-grained, and their exploitation required biological knowledge and expert programming. The effect of this was to burden every serious bioinformatics centre with the task of maintaining local data and software, and supporting users in the nontrivial task of exploring the natural biological connections between data. This required substantial human effort.

Today's trend towards systems biology demands very much better connections between different domains of knowledge, and the weaknesses in information integration were becoming an intolerable hindrance. This network addressed these weaknesses by enabling data providers and tool builders to standardise their data access and software tools using the new grid computing technologies ideally adapted to the task.  The use of these standard methods has allowed data resources to be, in essence, self-describing, allowing software to work out largely automatically the structure of the data.  Aside from facilitating widespread integration of software and data, this made the interacting systems easy to update, for example to reflect changes to the schemata of the data.

1.3.2 Objectives reached during the project 

In the contract, the EMBRACE Network of Excellence promised to produce prototype services, to assess available and emerging technological solutions, and to expand the set of biological test cases which were the focus of data content and analysis tool integration. Our progress in each area is summarized below. Details were provided in the individual annual work package reports.

WP1: Data Content

The first objective of WP1 was to build programmatic interfaces to a range of biological data resources. In the first reporting period, as we worked to establish preferred technological solutions, the partners produced prototype services for their own specialised data content and became familiar with the technologies through links with WP3.

In addition to the planned deliverables of services by EBI and EMBL, which had deliberately explored more than one technological approach, other partners had in the first year made early prototypes of their services.

A further objective of WP1 was to make the programmatic interfaces to a range of biological data resources available to applications, and to provide the technology needed to combine them with analysis tools to address real biological use cases. The partners in EMBRACE provided access to a number of databases through systems which were developed in-house, or licensed from commercial suppliers or third parties. 
In the second reporting period WP3 recommended the web service technology standards to be followed. The prototype services delivered in the first year had now matured to become standard services to be maintained for the life of EMBRACE and beyond. The partners had been revising existing prototype services for their own specialised data content and becoming familiar with the technologies through a series of internal workshops.

While all of these services provided substantial functionality, they had severe limitations when seen in the context of an integrated approach to biological data and analysis tools.

 WP1 aimed to make use of "standard technology" to present each database resource through some applications programming interface (API), which could be used by any software from a major client program (such as Taverna) to a simple perl script written by a biologist. The goal was to exploit the developments in "grid computing" among the methods used. With suitable standards for the data and the API interface, we aimed to enable any group to develop software which had access to all the databases in all of their richness of content.

We assumed that only a few groups would attempt to develop truly general purpose interfaces to the full range of data. However, EMBRACE included two major projects (EMBOSS and Taverna at EBI) which were committed to supporting the data interfaces for use in analysis tools and workflows respectively.

Aside from the benefits to relatively independent software development groups, the APIs provided by EMBRACE also improved the efficiency and effectiveness of core service centres such as the EBI
In the fourth reporting period WP3.1 produced a revision of the web service technology standards to be followed. The partners revised existing services to ensure compliance with the EMBRACE technology recommendations for the style of web service definition and interface. The recommendation included the adoption of standards for the annotation of data types. Work was in progress to build an ontology of data types covering all EMBRACE data content services in WP1, and also including the data types of the outputs and parameters if analysis tools in WP2. This ontology would provide the terms and their curated definitions for use in service annotation. The prototype of this ontology would be immediately useful for service annotation, as changes to the terms and their definitions would automatically be updated in the service descriptions through the EMBRACE registry.
In the final period, WP1 added the remaining deliverables completing the comprehensive coverage of bioinformatics data resources byu addint services for the scientific literature and image data. Protein structure domain services complemented the analysis tools for these resources already delievered in WP2. Specialist services were added for human gene regulatory networks conforming to EMBRACE standards.

The EDAM ('EMBRACE Datatypes And Methods') ontology was fully populated with terms needed to describe data resources and data formats for all the resources in WP1 and as data input or output for WP2 tools.
WP2: Analysis Tools

From the beginning of the project, the objective of WP2 was to build programmatic interfaces to a range of biological analysis software tools and to make these available as services so that client software could be developed for the biological research community. The partners were using the Taverna Workbench (developed at EBI by the UK myGrid project) as a testbed for their services, and working in close collaboration with the Taverna developers on the specification of “Taverna 2.0”.

WP2 aimed to integrate the widest possible range of tools for sequence analysis (WP2.1), and structure analysis (WP2.2); also to build tools for systems biology and text processing (WP2.3). All these tools should be able to work together in an integrated fashion. Third party tools could also be integrated into the system. Workflow analysis would be developed, with the ability to provide standard workflows or user customized workflows. The inputs to the applications may be diverse; however the applications were to be designed to be able to accept input from the data integration arm of the project. As such, there was a dependency on WP1. The interface to the tools had a strong dependency on recommendations produced by WP3. Furthermore, the choice of tools to produce was dependent on the test cases devised by WP4. The end result of the work of this work package was expected to be a very large tool set for sequence analysis, structure analysis and systems biology/text processing that used agreed technology with complete interoperability of all the tools.

The major factor affecting the implementation of tools in year 2 was D3.1.1, the Report on technology survey from WP3. This shaped how the tools would look for the foreseeable future.

In the fourth year, the partners continued using the Taverna Workbench (developed at EBI by the UK myGrid project, and now maintained by EBI and the Open Middleware Infrastructure Institute - OMII-UK) as a testbed for their services, and worked in close collaboration with the Taverna developers on the release of “Taverna 2.0” which is appeared towards the end of 2008.
In the final period, in addition to producing a final set of deliverables, EMBRACE partners worked to develop the EDAM ontology, to annotate all WP2 services using EDAM terms and SAWSDL records in the service WSDL description files, and to register the annotated services with the EMBRACE registry.
WP3 Technology Evaluation and Watch

This work package was dedicated to analysis of the requirements of biological test cases and to the identification of core technologies. Following the initial meeting at the EMBRACE AGM in Copenhagen, the first WP3 meeting took place in June 2005 at EBI where test cases, middleware and grid infrastructures were reviewed. Following this, a joint tutorial with the EGEE project was organized in July 2005 in Clermont-Ferrand to acquaint the EMBRACE partners with usage of EGEE grid infrastructure and highlighted the need for a testbed on which test cases could be deployed and assessed. Contacts with EGEE to establish an EMBRACE Virtual Organization are under way and are endorsed by EGEE management.

The initial technological analysis of test cases was completed during the first year, but the analysis of technological solutions continued.

EMBRACE aimed at building a "knowledge grid" allowing integrated exploitation of data. WP3's specific goal was about making the foundations of this knowledge grid.

To achieve this goal, the work was further divided in three work packages: 

· The first work package (WP3.1) was dedicated to technology recommendation and watch, and focussed on the technology first to provide a recommendation to the whole project and further to have an active technology watch. 

· The second work package (WP3.2) focussed on test problems analysis, deployment and evaluation. Technology was to be user driven and grid impact evaluated on concrete examples. 

· The third work package (WP3.3) dealt with technology adoption and applications deployment. It stood at the interface between the project and the national and international grid infrastructures under deployment.

The first two years of WP3 were dedicated to setting up the scene, building relationships between the work package partners and evaluating the state of the art of the technology as well as the existing grid infrastructures in Europe.  A first deliverable was produced at PM12: entitled “Initial Technological Analysis of Test Cases”, which provides a first analysis of three test cases which were selected for their relevance to life sciences but also their requirements on the grid services. A major deliverable was the technology recommendation (Deliverable D3.1.1 submitted at PM18) on which all the project partners now base the development of interfaces to their tools and data bases. The recommendation was widely discussed within WP3 through phone conferences and very lively mail exchanges. 

The EMBRACE grid was going to be deployed at a European scale and our goal was that it became an attractive working environment for biologists and bioinformaticians for many years. As a consequence, the technology on which to build it had to be carefully chosen so it fitted the currently foreseeable trends of the IT world. Major IT companies had agreed to develop web services as the technology to enable the deployment of services on Internet. It had also been adopted by the Global Grid Forum which is the acknowledged body to propose and develop standards for Grid technology. Moreover, the web service technology provided the bridge between the grid world and the Semantic Web which is about common formats for interchange of data and about language for recording how the data relates to real world objects. 
During the fourth year, the technology recommendation (D3.1.1 submitted at PM18) was revised, extending the standards recommendations to address issues in the domains of data and schema interoperability.
In the final year EMBRACE partners jointly developed the EMBRACE registry and the EDAM ontology. Validation by the registry was used to test that all services were registered, available and conforming to EMBRACE standards. EDAM was populated with all the terms needed for detailed semantic annotation of the service functions, data inputs and results. Both projects are essential to the long term success of EMBRACE. The EMBRACE registry was developed in close collaboration (sharing data structures and with joint meetings( with the BioCatalogue, a registry of all bioinformatics services that will be maintained by EMBL-EBI from 2011. The EDAM ontology has become a core part of the EMBOSS package which delivered over 200 services in WP2 and is further funded also at EMBL-EBI.
WP4: Test Cases

The EMBRACE partners identified a set of biological test cases each requiring integrated access to data and analysis resources. These were extended during the first year with a set of new test cases put forward by the external biological research community at a workshop in Uppsala, Sweden in June 2005. Of these 15 test problems, 4 were initially selected for further exploration.

The detailed analysis of the new test cases continued to establish a set of data and analysis resources which could address the underlying scientific problems, with particular attention given to the practical issues of the quality and effectiveness of the results provided to end user biologists.

During the second year, the EMBRACE partners continued to seek new test problems, especially those which identified gaps in the coverage of data or tools and those proposed by members of the biological research community.

During the fourth year, a workshop was organised which brought together biologists with specialists working in WP1 and WP2. The partners concentrated on defining a limited set of test cases covering all the major issues in interoperability from the level of automatically linking individual services ("data interoperability") to high throughput analysis pipelines and the integration of services from outside EMBRACE. These test cases provided the guidance for the development of the EDAM ontology for EMBRACE service semantic annotation.

In the final period, EMBRACE partners concentrated on workflows to address complex biological test cases. The original "GeneFinder" test case solution has become a general tool at www.genefinder.org for the research community. An epitope choice resource (ProteomeBinders) combined 24 individual services to assembl results which are then presented top the biologist user. In protein structure analysis, the "project HOPE" test case pipeline automatically analyses the structural effects of mutations. Test cases for association mapping in dogs, predicting functional association of unknown human proteins,  and next generation sequencing analysis of viroid-plant interaction show the breadth of biological problems which can be analysed through EMBRACE services. Grid-based compute resources have been used for the large-scale validation of microarray expression clusters.
WP5: Outreach

This work package covered the EMBRACEgrid web portal, workshops, and other outreach activities.

The web portal was maintained at EBI and was developed on schedule. The portal is used for internal dissemination of information among the EMBRACE partners through a “restricted area” and for informing the wider scientific community.

The programme of workshops was originally planned as a simple “4 per year, 1 per partner” approach. During the first year this programme had been refined to meet the needs of the partners, and delayed to match the timing of recruitment. The initial workshops on grid technologies and biological ontologies were well attended by the EMBRACE partners. 

Additional activities included the production of an information sheet and a short EMBRACE talk for use by project partners at conferences. EMBRACE was presented at several international conferences and workshops and generated considerable interest already in the first year.

The information sections of the portal were updated during the second year. Much material of assistance to people with interests in web services or GRID technology was placed on the portal. Importantly, all seminars presented at the EMBRACE workshops can be freely downloaded by educators from all over Europe (and beyond).

After completion of the highly necessary “in-reach” workshops (workshops aimed at raising the technological skills of the not so web service/GRID experienced EMBRACE partners) we started with the real outreach workshops. We nearly caught up with the schedule at the end of the second year, and soon the workshops were ahead of schedule.
The web portal which was initiated by the EBI was in the third year taken over by the CMBI, although technical maintenance continued to be done by the EBI. There was a continuous shift from material from the restricted area to the public area, on the principle that things were set up in the restricted area, and once worth reading by third parties, went public.

Also in the third year, EMBRACE was presented at several international conferences and workshops, most importantly at the ISMB in Vienna in summer 2007.. 
In the fourth year, the web portal content was comprehensively updated from material  produced by the partners on the internal wiki, making public the information on the full set of services provided by all EMBRACE partners as a supplement to the EMBRACE registry.

EMBRACE was presented at several international conferences and workshops during the third year, most importantly at the ECCB in Sardinia in August 2008.
The web portal continued to be kept up to date by CMBI during the final reporting period.. The internal areas have been prepared for removal because we will convert the portal to have a long life after EMBRACE has finished. This included a big shift of material from the restricted area to the public area. 

The technology watch document was overhauled by WP3, and is prominently available from the portal. The EMBRACE registry is NOT at the portal, as such a project requires extensive baby-sitting in the first months. Projects of that magnitude never work flawlessly from day one, and as the final assembly of the contributions of the EMBRACE partners was done in Manchester, and as the Biocatalogue into which the EMBRACE registry had to be merged was located in Manchester, it was decided to:

1) Keep the EMBRACE registry in Manchester for about a year

2) During this year put the EMBRACE entries and technology into the Biocatalogue

3) In 2011 move the Bicatalogue (back) to the EBI for longevity
Importantly, all seminars presented at the EMBRACE workshops can still be freely downloaded by educators from all over Europe (and beyond). In due course, we will remove seminars that were prepared more than five years ago.
In the last period a large number of workshops was provided. Very noticeably, a set of three workshops for EMBRACe and non-EMBRACE specialists on bioinformatics ontologies took place in Amsterdam (Sept 2009, Jan 2010, May 2010) and helped to shape the EDAM ontology which will be a crucial aspect of the move towards semantic applications.
The following workshops were held during the project:
	DEL.
	TITLE
	DATE OF WKSHP
	PLACE/ ORGANISER

	5.2.1
	Grid technology workshop
	July 2005
	Clermont-Ferrand

CNRS

	5.2.2
	Data, data modelling and interoperability
	December 2005
	Manchester

KUN, UMAN

	5.2.3
	Portal integration workshop
	April 2006
	Nijmegen

KUN, EBI

	5.2.4
	Workflow over Grid based services 
	February 2007
	Madrid

CSIC

	5.2.5
	Grid and web services for bioinformaticians
	June 2006
	Helsinki

CSC

	5.2.6
	Bioinformatics of immunology.
	January 2007
	Copenhagen

DTU

	5.2.7
	Regulatory sequence motif discovery 
	November 2007
	Uppsala

SLU-LCB

	5.2.8
	Exploring Modular Protein Architecture
	June 2007
	Bordeaux

EMBL

	5.2.9
	Applied Gene Ontology
	November 2007
	Bari

ITB

	5.2.10
	Sequence annotation
	May/June 2007
	Geneva

SIB

	5.2.11  
	DNA sequence assembly

	CANCELLED

	5.2.12  
	Membrane proteins
	August 2007
	Stockholm

STO

	D5.2.13  
	Protein domain analysis.
	May 2008
	Lyon

INRIA

	D5.2.14  
	Systems biology.
	August 2008
	Gothenburg

MPIMG

	D5.2.15  
	Understanding protein structure.
	February 2008 
	Hinxton

UCL, EBI

	D5.2.16
	Systems Biology
	October 2009
	Helsinki

CSC

	D5.2.17
	Amsterdam ontology workshops
	Sep 09, Jan10, May10
	KUN

	D5.2.18
	Relational databases and gene annotation
	October  2009
	Madrid

INTA-CAB

	D5.2.19
	Special courses for SMEs
	October 2008
	Berlin

EBI

	5.2.20
	Grid technology, principles and installation.
	October 2006
	Clermont Ferrand

CNRS (with EGEE)

	D5.2.X1
	Exploring Modular Protein Architecture
	December 2008
	Heidelberg

EMBL

	D5.2.X2
	Client Side Scripting for Web Services   
	February 2008
	Copenhagen

DTU

	D5.2.X3
	Building Next Generation Sequencing Platforms and Pipeline Solutions  
	November 2009
	Rome

SLU-LCB

	D5.2.X6
	Workshop on Perl, SQL and Web Services
	November 2009
	Copenhagen

DTU

	D5.2.X4
	Exploring Modular Protein Architecture (3rd course)
	January 2010
	Heidelberg

EMBL

	D5.2.X5
	Next generation sequencing data analysis
	May/June 2010
	Helsinki

CSC

	D5.2.X7
	NextGenSequencing
	June 2010
	Bari

SLU-LCB

	D5.2.X8
	Workshop for Web Service Providers in Bioinformatics: Syntax, Semantics and Publishing
	June 2010
	Copenhagen

DTU


1.4 Methodologies and approaches

EMBRACE brought together the developers of the core services for tools and data content across bioinformatics. Each of these partners provided services that work with the partner's own data resource and/or public data resources (especially those from partner 1A EMBL-EBI). These services are for the whole biological research community, with all service providers offering data querying and tool launching to meet the requirements of their own set of users.

By working together in EMBRACE, the partners have been able to define use cases where their resources and services need to be used together to address more complex biological problems. Led by these test cases, EMBRACE explored the available technologies for ways to improve the interoperability of these services. The rapid growth and update cycles of data resources in bioinformatics indicates approaches that keep the services close to the original data providers. This consideration made  a web service architecture far more suitable than alternatives such as a shared grid infrastructure. In a web service architecture, each service provider creates a set of self-documenting services that can be accessed from anywhere by any user with a PC or by automated high-throughput scripts written in a wide choice of languages.

Test cases were addressed by creating documented workflows using Taverna. This is not the only possible solution, but has the advantage of delivering a workflow solution that can be downloaded by another user and modified as a template for their own needs.

The test cases in turn highlighted the complexities of interfacing services from tw or more providers. Although the services were fully documented, there were several ways to annotate the functions of services, their inputs and their outputs. Furthermore, there was no central repository to discover services beyond the list of service locations included in a Taverna installation.

The EMBRACE partners addressed this problem in the final years of the partnership by designing and developoig an ontology (EDAM - 'EMBRACE Datatypes And Methods') to describe the service operations and to describe the inputs and outputs of each service. By using a common description framework EMBRACE standards enabled the automated search for services with the required function, and for services that provide input data and work with service outputs (for example, to combine multiple analysis results into a single sequence annotation, or to visualise results in a browser).

The service discovery also required a central registry. This has been lacking in bioinformatics for some years. Although a project (BioCatalogue) had started in a pilot phase this was not available in time for EMBRACE. Instead, EMBRACE partners designed and built an EMBRACE registry to demonstrate the success of the EDAM ontology approach, and collaborated wth the BioCatalogue project to share a common data schema (to allow EMBRACE registry enties to be transferred to BioCatalogue). As EMBRACE concludes, the BioCatalogue project is able to take over the maintenance of the life sciences web service registry. At the conclusion of BioCatalogue EMBL-EBI will assume responsibility for the ongoing maintenance of BioCatalogue and the EMBRACE service annotation standards.

1.5 Relationship to state-of-the-art

EMBRACE has demonstrated that the standards adopted and developed by the partners create an infrastructure on interoperable services in bioinformatics. The EDAM ontology is unique in covering data types and method annotations across all the services provided by EMBRACE partners and by third parties. EDAM is now  collaborating with the other interoperable "Open Bio Ontologies" through their common formats and portals. With support from these ontologies and from the BioCatalogue registry EDAM is well placed to be the standard annotation source for new services in the coming years.

The web service architecture has demonstrated its success as EMBRACE partners report the increased usage of their services through the new EMBRACE standard interfaces. For many categories of use, web services offer considerable benefits in ease of use: automated high-throughput scripts running at remote sites, pipelines and workflows using services and data from several providers, or developers of new services integrating data from outside sources.

In the latest relase of BioCatalogue, the top four key search terms are from the EMBRACE project (EMBRACE, EMBOSS, and SoapLab plus BioMoby implementations of services from INB-Embrace). These represent more than half (902) of all services in the BioCatalogue registry. Services form other partners bring the total to over 1000.
1.6 Impact of EMBRACE on industry and research sectors

The major lasting impacts of EMBRACE are:
· An infrastructure of interoperable services for analysis tools and data content across all areas of bioinformatics

· A standard web service architecture applicable to all areas of science

· An expanding ontology of terms for web service annotation 

· A public collection of well documented and maintained web services

· Experimentalists trained to make the best use of bioinformatics services

· A strong foundation for service provsion in ELIXIR

EMBRACE has delivered over 1000 standard bioinformatics data and tools services registered in the EMBRACE registry and now transferred to the BioCatalogue  (out of a total of 1700 services in BioCatalogue). This is an underestimate of the service count, as some services support multiple data resources and query operations while others provide multiple related tool functions. These services are annotated using the EDAM ('EMBRACE Datatypes And Methods') ontology which has 2125 terms and will grow further as it expands to cover an increasing set of third-party services.

EMBRACE delivered training in the use and development of services through our own workshops and in partnerships with other projects.

2. Dissemination and use

2.1 Final Plans for using and disseminating knowledge

The knowledge gained from the EMBRACE 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 

· The EMBRACE registry software will be maintained for a while till the merger with its successor, the Biocatalogue, has been completed. After that completion, the longevity will be guaranteed by the fact that the EBI will take over the long term maintenance of the whole Biocatalogue.

· All Web services made available by the EMBRACE partners will remain active until scientifically obsolete. The EMBRACE mechanism of testing all Web services at least once per day, and mailing the owners/authors as soon as something changes or goes wrong will further enhance the robust accessibility of all services.

· The EDAM ontology will be maintained at the EBI and will continue to aid scientists preparing for the semantic era.

· The EMBRACE partners have strongly indicated that they want to stay in contact and want to keep collaborating. More than half of all EMBRACE partners are now participating in a COST action proposal for next generation sequencing (a field of prime importance in human health; and a field where (bio)informatics is desperately needed). Additionally, other attempts are being made to raise enough funds to keep the EMBRACE internal workshops and discussion sessions going for the years to come.

Several scientific fields (most noticeably next generation sequencing, NGS) are in great need of (bio)informatics. NGS will be at the basis of personalized medicine, which is one of the spear points of the ailing pharmaceutical industry, but also the main vehicle in the years to come for enhancing our understanding of human biology.

A series of EMBRACE articles came out still after the EMBRACE project closed, and even though EMBRACE might soon no longer get all the acknowledgments that it deserves, the people responsible for making EMBRACE a success (and that includes the scientific board and the scientific and managerial officers from 'Brussels') can be proud of this project and of the results still to come.

Technologies, ontologies, and protocols generated during this project on interoperability between different European databases and software facilities will continue to be critical in the development of the ELIXIR infrastructure for biological information. It was an eye-opener to see one of the Elixir people recently at a pan-ESFRI metadata meeting proudly show the EMBRACE technology document as an Elixir product. Success has many fathers, and I guess this small event is probably the best illustration of where the EMBRACE results will go: Entirely merged /usurped by Elixir, almost becoming the Elixir backbone.

2.2 Intellectual property

It is nearly impossible to build-up an IP position on concepts and tools. Indeed EMBRACE has decided that all its joint results would become publicly accessible, or open source. A few of the partners have decided to keep some of their in-house developments out of the public domain to either produce science with it for a while without too much competition, or to give small start-up companies a flying start. But all EMBRACE's central results (ontologies, protocols, the registry, etc) are totally open and accessible to everybody.

Appendix 1 – Plan for using and disseminating knowledge:

Section 2 – Dissemination of knowledge

	Planned/ actual dates


	Type
	Type of audience
	Countries addressed
	Size of audience
	Partner(s) responsible/  involved

	31 January 2005
	Press release
	General public and scientific community
	EU
	n/a
	EBI

	July 2005
	Grid technology workshop


	Mainly EMBRACE scientists
	EU
	25
	CNRS

	July 2005
	First release of portal


	General public and scientific community
	World wide
	n/a
	EBI/CMBI

	September 2005
	Bioinformatics mini symposium. PARCO 2005. University of Malaga


	Scientific community
	World wide
	20
	EBI

	14 – 15 November 2005
	Provisional version of leaflet distributed at “Communicating European Research” meeting in Brussels.
	Scientific community
	EU
	>2000
	EBI/CMBI

	1 – 2 December 2005
	Data modelling workshop
	Mainly EMBRACE scientists
	EU
	30
	UMAN

	January 2006
	First complete version of portal

http://www.embracegrid.info


	General public and scientific community
	World wide
	n/a
	EBI/CMBI

	April 2 – 5, 2006
	10th Annual International Conference on Research in Computational Molecular Biology, Venice

Travel grants for young scientists, EMBRACE booth
	Scientific community
	World wide
	Approx 300
	CMBI-KUN

	April 8-9 2006
	Grid portal integration workshop,

Nijmegen
	Mainly EMBRACE scientists
	EU
	24
	EBI, CMBI-KUN

	April 24, 2006
	The Netherlands Bioinformatics Conference
	Bioinformaticians
	The Netherlands
	275
	CMBI-KUN


	May 31 – June 2, 2006
	Nordic Grid Neighbourhood Conference
	Grid users and developers
	Scandinavia, Baltic countries, Russia
	60
	CSC

	June 15 – 17 2006
	Workshop on grid and web Services technology for bioinformaticians,

Helsinki
	EMBRACE scientists and others
	EU
	24
	CSC

	June 18 – 21, 2006
	Yeast systems biology - from models to applications
	Scientific community
	International
	240
	CSC

	October 9 – 13 2006
	Workshop on grid technology, principles and installation, Clermont-Ferrand
	EMBRACE and HealthGrid scientists
	EU
	16
	CNRS

	November 9 – 10, 2006
	Workshop on regulatory sequence motif discovery,

Uppsala
	EMBRACE scientists and others
	EU
	27
	SLU-LCB

	December 4-6, 2006
	2nd IEEE International Conference on e-Science and Grid Computing

Paper presented and panel discussion
	Technical specialists
	World wide
	100
	EBI

	December 4 – 13, 2006
	Web services workshop, Bergen
	EMBRACE scientists
	EU
	15
	CBU

	January 21-24, 2007
	ECCB 2006, Eilat

Travel grants for young scientists, EMBRACE booth


	Scientific community
	World wide
	Approx 400
	CMBI-KUN

	January 24 – 26, 2007
	Workshop on the bioinformatics of immunology, Copenhagen
	EMBRACE scientists

and others
	EU
	21
	CBS-DTU

	24 - 26.1 2007
	Workshop on the bioinformatics of immunology, Copenhagen
	EMBRACE scientists

and others
	EU
	21
	CBS-DTU


EMBRACE 

scientists

	and others
	EU
	10
	 CSIC 

	22 - 23.3

2007
	Modern computer tools for the biosciences, Uppsala
	Experts from throughout Europe
	EU
	40
	SLU 

	23 - 25.5

2007
	Workshop on Bioclipse, Uppsala
	EMBRACE scientists

and others
	EU
	35
	SLU-LCB


	31.5 – 1.6

2007
	Deploying Web Services for Biological Sequence Annotation, Geneva
	EMBRACE scientists

and others
	EU
	 37
	SIB 

	13 – 15.6

2007
	Exploring Modular Protein Architecture, Bordeaux
	EMBRACE scientists

and others
	EU
	17
	EMBL

	22 – 23.8

2007
	Membrane protein bioinformatics, Stockholm 
	EMBRACE scientists

and others
	EU
	51
	STO

	31.10

2008
	Immunological Bioinformatics Workshop, São Paulo
	International scientific community
	World wide
	50
	DTU

	7 – 9.11

2007
	Applied gene ontology, Bari
	EMBRACE scientists

and others
	EU
	17
	ITB

	4 – 11.12

2007
	Web services workshop 2, Manchester
	EMBRACE and BioSapiens
	EU
	35
	 UMAN

	6 – 8.2 2008
	Workshop on client side scripting for Web Services
Copenhagen, Denmark
	Scientific Community
	EU
	35
	DTU

	11 – 15.2 2008
	BioHackathon 2008

Tokyo, Japan
	Scientific Community
	Worldwide
	(*) 
	INTA-CAB

	13 – 15.2 2008
	8th Spanish Symposium on Bioinformatics and Computational Biology

Valencia, Spain
	Scientific Community
	Spain
	(*) 
	CSIC

INTA-CAB

	25 – 26.2 2008
	DAS developers’ workshop

Hinxton, UK
	BioSapiens, EMBRACE and others
	EU
	5o
	 CSIC

	March 2008
	4th International Conference On Structural Analysis Of Macromolecular Assemblies By Hybrid Methods

Lake Tahoe, USA
	International Scientific Community
	Worldwide
	150
	CSIC

	April 2008
	CASP7.5: Sessions on web services in protein structure prediction

Madrid, Spain
	Scientific Community
	Worldwide
	(*) 
	INTA-CAB

	18 – 20.5 2008
	Protein domain analysis

Lyon, France
	Scientific Community
	EU
	23
	INRIA

	19 – 22.5. 2008
	International Workshop of Modern Computer Tools for the Biosciences - a Grid Perspective (MBIO08)

Lyon, France
	Scientific Community
	Worldwide
	 38
	CNRS and several others


	June 2008
	French Symposium JOBIM 2008

Lille, France
	Scientific Community
	France
	(*)
	CNRS

	June 2008
	Data Integration in the Life Sciences 2008

Evry, France
	Scientific Community
	EU
	(*)
	CNRS

	June 2008
	Supercomputing scientific meeting: Grand Challenges in Computational Biology

Barcelona, Spain
	Scientific Community
	(*) 
	(*) 
	INTA-CAB

	5 – 8.6 2008
	Annual Meeting of the Society of Molecular Biology and Evolution

Barcelona, Spain
	International Scientific Community
	Worldwide
	2000
	CSIC

	18 – 20.6 2008
	Practical Course - BIOINFORMATICS and FUNCTIONAL GENOMICS: from genes to functions and networks

Salamanca, Spain
	Scientific Community 
	Spain
	50
	CSIC

	July 2008
	Escuela Complutense de Verano (training course in Spanish)

Madrid, Spain
	Scientific Community
	Spain
	(*)
	INTA-CAB

	9 – 10.7 2008
	EMBRACE WP4 Workshop

Uppsala, Sweden
	EMBRACE consortium
	EU
	25
	SLU-LBC

	19 – 23.7 2008
	ISMB 2008: 

(1) BOSC 2008 (Bioinformatics Open Source Conference)

(2) Special Interest Groups on 3D and on Splicing 

Toronto, Canada
	Scientific community
	Worldwide
	1500
	EBI



	25.-28.8. 2008
	Systems biology (organised as a satellite workshop to the 9th International Conference on Systems Biology) 

Gothenburg, Sweden
	Scientific Community
	Worldwide
	33
	MPIMG

	25.8 – 5.9 2008
	Presentation of EMBRACE use case and CPU intensive test case at CERN School of Computing 

Gjøvik, Norway 
	International Scientific Community
	Worldwide
	75
	SIB


	10 – 13.9 2008
	SEBBM2008 - XXXI Congress of the Spanish Society of Biochemistry and Molecular Biology

Bilbao, Spain
	Scientific Community
	Spain
	250
	CSIC

	17 – 19.9 2008
	Congress of the Spanish Society of Biotechnology (SEBIOT)

Granada, Spain
	International Scientific Community
	Worldwide
	1000
	CSIC

	18 – 20.9. 2008
	EMBnet Conference 2008

Marina-Franca, Italy
	International Scientific Community
	Worldwide
	128
	ITB-BA

	22 – 26.9 2008
	ECCB 2008

Cagliari, Italy:   

1. Tutorial on Interoperability of bioinformatics software and databases 

2. Poster and distribution of leaflets
	Scientific community
	Worldwide
	500
	KUN and several others

	24 – 27.9 2008
	Joint meeting of the Spanish and British Societies for Developmental Biology 

Sevilla, Spain
	International Scientific Community
	EU
	600
	CSIC

	1 – 4.10 2008
	ESF Genome and Disease meeting

Innsbruck, Austria
	Scientific Community
	EU
	(*)
	INTA-CAB

	8 – 10.10 2008
	BIBE 2008 (8th IEEE International Conference on Bioinformatics and Bioengineering)

Athens, Greece
	International Scientific Community
	Worldwide
	100+
	SLU-LCB

	27 – 28.10 2008
	SME workshop (jointly with BioSapiens, ENFIN and FELICS)

Berlin, Germany
	Representatives for SMEs
	EU
	20
	EBI, SLU-LCB, MPIMG

	30 – 31.10 2008
	CASIMIR-ENFIN workshop on Databases

Berlin, Germany
	Scientific Community
	(*)
	(*) 
	SLU-LCB

	November 2008
	Foros de ciencia y tecnología CAM (science and technology conferences

Madrid, Spain
	Scientific Community
	Spain
	(*) 
	INTA-CAB


	3 – 4.11. 2008
	EMBnet – EMBRACE workshop: “Understanding, creating and deploying EMBRACE compliant WebServices”

Uppsala, Sweden
	EMBRACE and scientific community
	EU
	25
	SLU-LCB

	1 – 2.12 2008
	IVth Meeting of the Spanish Systems Biology Network 

Valencia, Spain
	Scientific Community
	Spain 
	50 
	CSIC

	15 – 16.1 2009
	ESF symposium “Computational Challenges of the Next Sequencing Technologies”, Uppsala, Sweden
	Scientific Community
	EU
	(*)
	SLU-LCB

	January 2009
	International workshop in memoriam of Angel R. Ortiz: Structural bioinformatics and beyond, a satellite meeting to the Jornadas de Bioinformatica.

Madrid, Spain
	Scientific community
	Spain
	n/a (*)
	CSIC

	January/ February 2009
	APCET - Asia-Pacific Congress on Electron Tomography

Brisbane, Australia
	Scientific community
	World wide
	n/a (*)
	CSIC

	March 2009
	BioHackathon 2009 meeting

Tokyo, Japan
	Scientific community
	World wide
	n/a (*)
	INTA-CAB

	March 2009 – June 2010
	Five editions of the course Genómica Aplicada a la Medicina Clínica”

Spain, various locations
	Physicians and medical doctors in hospitals
	Spain
	n/a (*)
	INTA-CAB

	June 2009
	Joint Congress of the Spanish and Portuguese Microscopy Societies.

Segovia, Spain
	Scientific community
	Spain, Portugal
	n/a (*)
	CSIC

	June/July 2009
	ISMB-ECCB-2009

(Poster)

 Stockholm, Sweden
	Scientific community
	World wide
	2000
	INTA-CAB

	September 2009
	XXXII SEBBM Congress - Sociedad Española de Bioquimica y Biologia Molecular
	Scientific community
	Spain
	n/a (*)
	CSIC


	Oct 2009
	EMBRACE workshop: Relational databases and gene annotation

Madrid, Spain
	Scientific community
	EU
	40
	INTA-CAB

	Oct 2009
	EMBRACE workshop: Systems Biology

Helsinki, Finland
	Scientific community
	EU
	150
	CSC

	Nov 2009
	EMBRACE workshop: Workshop on Perl, SQL and Web Services

Copenhagen, Denmark
	Scientific community
	EU
	36
	DTU

	December 2009
	Benelux Bioinformatics Conference
	Scientific community
	Benelux
	40
	CMBI

	Jan 2010
	EMBRACE workshop: Exploring Modular Protein Architecture (3rd course)

Heidelberg, Germany
	Scientific community
	EU
	40
	EMBL

	May/June 2010
	EMBRACE workshop: Next generation sequencing data analysis

Helsinki, Finland
	Scientific community
	EU
	95
	CSC

	June 2010
	EMBRACE workshop: NextGenSequencing

Bari, Italy
	Scientific community
	EU
	85
	SLU-LCB/ ITB-BA

	June 2010
	EMBRACE workshop: Workshop for Web Service Providers in Bioinformatics: Syntax, Semantics and Publishing

Copenhagen, Denmark
	Scientific community
	EU
	 15
	DTU

	July 2010
	ISMB (Annual International Conference on Intelligent Systems for Molecular Biology) 
Boston, USA
	Scientific community
	World wide
	2000
	EMBL-EBI

CBU

	July 2010
	BOSC (Annual Bioinformatics Open Source Conference)

Boston, USA
	Scientific community
	World wide
	100
	EMBL-EBI
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