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Executive Summary

This document presents the results and conclusions of the action, Performing an inquiry of available commercial and open source tools and software for clinical trials, as part of the task T2.2.
Inquiry description

1.1 Objectives


From the software engineering point of view, ACGT is a project that aims to develop a collaborative and secure environment that integrates a diversity of tools and data sources derived from combinations of multiple domains such as medicine, molecular biology and computer science. The scope ACGT, although initially focused on supporting nephroblastoma and breast cancer trials, is open to be extended to any scientific data and/or computationally intensive task.

Due to the complexity and ample scope of the project, we primarily have to, first define a minimal set of requirements from where to build on such a system and, secondly, minimize wheel reinvention by identifying which technological components are available, and which are required to be built, in order to comply with such requirements.

With the initial requirements of the project in mind, a huge number of data sources, tools, standards and technology are available for the different aspects of the intended system. Therefore, it has been deemed necessary to narrow down the number of software components to be considered in order to approach the technical specification of the system. As ACGT partners come from multiple domain areas, we have launched an inquiry among them with the intention to benefit from a synergy of expertises which would allow to divide and conquer the problem effectively.
1.2 Inquiry structure

The inquiry is divided in three different documents structured as follows.

· A Word document containing the “skeleton” of the inquiry with questions and references to the rest of the documents comprising the inquiry.

· An Excel document containing questions involving listing several items.

· A Word document containing a glossary of terms.

The main questions been asked

· Which scientific tools do you use and might be of importance for ACGT

· Which development tools do you use and might be of importance for ACGT

· Which tools or software have to be created and might be of importance for ACGT

· Which standards may be adopted by ACGT

· Which scenarios may be supported by ACGT

· Provide names of clinicians and molecular biologists

· Glossary of terms

Inquiry outcome

1.3 Inquiry Performance

The inquiry started by a proposal of an initial draft which consisted on an Excel document  containing the main questions about available tools and desired functionality. Later on, it was extended with a glossary of terms and questions relating to adoption of standards, definition of clinical scenarios and requirements.
As part of the process for defining the inquiry, the questionnaires were reviewed and comments were given by partners. The inquiry was launched at the beginning of May 2006, with the finally version of the questionnaires
. Since then all collected answers to the questionnaire have been curated and added to the original forms, creating a well organized and non-redundant view of the answers. Finally, a report has been written (this one) presenting and providing an initial analysis of results.

2 Results

2.1 Hypothesis and Requirements 

In order to provide some assistance to meeting the objectives, it has been deemed useful to enumerate a set of requirements and assumptions contextualizing the challenges of the bioinformatics side of the ACGT project. Those requirements are the following:

Data repositories

1. Massive data production. Nowadays, many technological breakthroughs such as high-throughput screening, sequencing and gene-expression monitoring technologies have nurture the ‘omics’ revolution enabling a massive production of data; from raw DNA sequence composition, tri-dimensional structural information and gene-expression data about the dynamic behavior of genes under certain experimental conditions. Molecular data production has shifted from one-gene experiments to whole genome scale.
2. Diversity, heterogeneity and dispersion. Although it is a commonplace statement that the volume of data in molecular biology is growing at exponential rates, nonetheless, the key characteristic of biological data is not so much its volume, but its diversity, heterogeneity and dispersion, which make this plethora of interrelated information difficult to use. 

a. Diversity is related to the many different but related biological data types and the number of different repositories regarding to each data type (sequences, structures, gene-expression data, etc)

b. Heterogeneity is related to the different format in which the data are available (most of them as plain text, images, video, etc). The various repositories commonly have different data formats, access mechanisms and user interfaces, which is in addition complicated by the different terminologies used.
c. Dispersion is related to the geographical location of data servers
3. Dynamic data production. Updates to local databases occur frequently, so the newest data should be accessible, too (coarsely, four releases per year). In other words, the contents of the local databases may be autonomously and locally maintained.

4. Data mirroring. ACGT system should ensure data availability by replication (data mirroring). This situation needs database content synchronization in the different mirrors at any time, which has to be ensured. 

5. Change of repositories. In some cases the schemas of local repositories change (in some cases even two or three times per year!). The ACGT database system should be designed and maintained to meet local needs.  Changes of the repositories must guarantee data integrity and should be made possible independently of the integrated database structure.

6. Biomedical database. The situation is even worse in the case of Medical Informatics in which, despite the efforts and advances in the area of standards, a single model for biomedical databases will not emerge, at least in the short term.

Bioinformatics services

Common bioinformatics research scenery can be seen as web-based with interoperability as one of the most necessary requirements. From the service provision perspective, bioinformatics is a highly dynamic environment in which services arise dynamically when new algorithms are implemented and deployed in the form of programs running on a server connected to Internet 

A broad range of processes are available (I/O and/or CPU bounded). Some processes demand only few seconds to be completed but involve large input/output needs (similarty database searching like Blast, Fasta, etc.); or on the other hand, they demand long CPU-times to solve the problem (i.e. molecular dynamics). Under these considerations some basic principles should guide the design of the ACGT platform: 
· Component-based (instead of monolithic approaches). Traditionally, bioinformatics solutions are based on the combination of different tools and data (from different sites) to produce a global insight into biological functions. In this regard, a small piece of code specifically devoted to solve a given task can be combined and re-used in different ways to produce the desired results.

· Bioinformatics research is mainly performed in a web-based working environment in which users want to use services without regard for details such as localization, implementation aspects, etc.. Their only interest lies in the results they can provide or get. 

· Facilitate the incorporation of new high quality and high demand services (with controlled registry). A balance between the desirable expansion of the catalogue of services and the quality they exhibit must be maintained. Only this can ensure the success of the global offer. As new interesting services, multiplying dynamically some rules for their integrated use, must be observed).

· Uniform deployment of services should be provided: due to diversity, dispersion and service heterogeneity, automatic procedures should be available to generate corporate –yet customizable- user interfaces, help system, etc. in a standard, efficient and friendly way.

· The system should be self contained, i.e. the necessary tools for entering data into the system (in the user’s own terms, whatever the design), or visualizing results, should be provided by the platform.  

· Service-discovering procedures should be supplied to promote automatic connection and service pipelining. To allow this, a common scheme of reference (a semantic description of data) should be established by means of a controlled registry of services. 

· Platform scalability should be provided by means of intelligent resource management to allow increment on the number of services available and the tools provided.

· Robustness of the platform should be ensured by service and data replication at different sites. 

· Data and service coherence should be maintained independently of what, where, when, how and by whom data or services are being used.

· Enabling standard storage, secure access and exploitation of proprietary data should help reduce overhead costs. 

· Efficient use of computational resources should be achieved by intelligent computational load distribution among the different instances of the same service (i.e the “quality” of the service can be measured as function of the response time, and instant computational load should be taken into account.

· Connectivity of the platform to external machine-to-machine procedures should be considered. Apart from the traditional interactive use of the system, it is of interest to provide a capability of automatic request for services without going through the GUI. This would allow the inclusion of services in batch calls for large tasks or to proceed with workflows or for re-engineering services by coupling simple code-pieces.
· Interactive visualization. This is a key aspect on the capabilities of the platform to be designed and –as it is supposed to be oriented- a web-based environment, which is not specially suitable for this kind of task. So especial effort must be devoted to address this issues in efficient way.  

· Workflows as job-solving paradigm. Combining simple tasks services will allow the dynamic and flexible inter-connection of services thus creating complex distributed bioinformatics machines. This will expand the functionality and will enable the easy incorporation of new procedures to customize the system for specific concerns.

· Ethical and legal issues have to be considered at any time and in all services that store, distribute or integrate personal data or data that are connected to patients. This is also a main aspect in dealing with biomaterial data.
Workflows

As we have illustrated in the previous paragraphs, bioinformatics is a data-rich science, growing at exponential rates. A discouraging problem however is the diversity, heterogeneity and dispersion distribution of biological data, a problem which makes the potentially interrelated information difficult to use. As a result, a complex analysis involving different bioinformatics tools requires patient and dedicated users to locate the appropriate web services, collect URLs, familiarize themselves with the different interfaces, copy and paste data from one web server to another, translate them for compatibility with the next tool format, include them in a new web form with a different interface, and so on. These manipulations slow down user productivity and exclude those scientists lacking programming skills.

A Workflow (WF) is a collection of tasks and data that define the paths that can be taken to complete a job. Workflows may contain activities such as displaying content to users, collecting information from users or computer systems, performing calculations, and sending messages to external computer systems.

An special section devoted to workflows (WFs) managing must be contemplated inside the project. This includes the mechanism for workflows definition (Taverna is good choice for this task); a mechanism for storing WFs, specializing and executing (enactor). 
Ethical and legal issues have to be considered at any time during data manipulation. Services like anonymisation or pseudonymisation have to be integrated into the workflow.

An audit trail of all activities of users have to be implemented.
Users
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Users and applications should not be required to know the existence, physical location, access mechanism, or schema of the underlying local databases.

Consistent and user friendly access for an unforeseen interdisciplinary researching community must be provided. 
Traditionally bioinformatic services have been opened to anonymous users (the user connects, uses the service and logs out). However in a system devoted to support specific tasks, the system would extend traditional bioinformatic services by offering persistent storage of user data. As collateral benefits, this persistent system should reduce communication overheads and facilitate data management. 

Different user “levels” need to be considered. From the viewpoint of access to the components of the ACGT infrastructure, we identify the following actors:

· System administrator.- With permission to manage the internals of the system.

· Service developers.- they provide new applications. A controlled and supervised registry of such new services should be provided, including a version control mechanism.
· Anonymous (guest / transient) users can make use of the system freely to explore system capabilities (a decision about whether their data must be stored for a short period of time using the persistence system will be made during the system design phase).  
· Registered (authorized) user. We can see two roles regarding data:

· Data producer. This could be a clinician who “owns” the data collected in the context of his/her clinical study. The data owner should be the only one authorized to modify his data. It is needed to identify the ownership of data submitted to the ACGT system.

· Data consumer. This could be any clinician who does not participate in a trial but is interested on getting some data from it. This role involves implementing a policy of access to trial data. Data storage, data distribution and microarray data have to be in accordance to ethical and legal issues.

Regarding end-users of the ACGT infrastructure one can further distinguish:

· Clinicians

· Biomedical researchers

· Data miners

· Patients

Clinicians typically want to apply very standardized procedures. For instance, given a microarray result for a patient, they want to apply well known predictors combining clinical and microarray data (e.g. St-Gallen or NIH consensus in breast cancer) and get the results in the clearest possible fashion. Simple interfaces (e.g. web-based) should usually be sufficient for this category of users.
The category of biomedical researchers includes typically PhD students, post-docs and senior scientists working in a clinical environment. Such users typically want to have a greater flexibility in the visualization of their data, and to have the opportunity to use various statistical tests and tools, but usually on a single set of clinical data. Interactivity in the tools is essential for these users (e.g. ability to click on a gene to get information about it, to filter their data based on selecting one branch of a cluster, to visualize gene expression as a function of the position on the genome [which typically requires zooming capabilities], to build Venn diagrams of gene lists found significant under different conditions, etc…). To some extend, these users will develop automatic methods (workflows) to complete their jobs. These WFs will be used by inexperienced users

The category of data miners overlaps somewhat with the previous category (e.g. some biomedical researchers may be willing to combine their findings with those of other studies). Data miners are typically biostatisticians willing to extract knowledge from a study using statistical tools they just developed or from a combination of studies or both. Meta-analysis tools would be of interest for that category of users. The tools used are mainly programs and scripts (e.g. in R), with less strong need for interactive graphics. 

The role of the patient would be limited to access his/her clinical record, and to obtain various summaries of the findings associated to his/her clinical data. From the viewpoint of the ACGT infrastructure patients may be considered as clinicians with an access limited to a single subset of data (their own).

As the ACGT infrastructure should essentially be a platform for improving clinical data knowledge mining, we recommend that the focus of the development effort to be put on the first three categories of users. Patients access to ACGT should be kept for a later phase of development of the infrastructure.
Service catalogue

The system to be built for ACGT is expected to incorporate a multiple and diverse collection of databases and tools. Preparing specific interfaces to access such long list of services could represent an enormous effort. In our opinion, much of the strength of an integration system lies in the ability to combine different applications over a set of data. For this, the description of input/output objects must be coordinated and standardized by means of an object-ontology in such a way that services can inter-connect, understanding what the output from a previous process is. In the same way, services characteristics (aim, location, authority, help documentation, parameters, etc…) must be defined 
and stored in such a way that automatic engines can access this information to automatically build-up services interfaces, launch and manage the user request

2.2 Enquire results 

At this point we have a detailed enumeration of databases and tools that could be of interest for ACGT aims. We have organize them by domains and have assigned to them priority in terms of importance to ACGT. High priority has been given to services and data sources which should be part of the minimal system. First, we present a summary followed by two tables containing the full information about the collected list of tools and databases. 
It is important to mention that this summary represent a set of recommendations to develop a functional kit of data repositories and services. This mean that we suggest to implement the functionality, which not necessarily means implement the product (some of them being commercial products).
Result summary

Databases:

· High: BIC, OMIM, BASE, ArrayExpress, GEO, EMBL Bank, EnsEMBL, GenBank, UniGene, Swissprot, UniProt, PDB, PAM, BLOSUM, GO, GOA, KEGG, PubMed, BEA, Ensembl, UniProt, KEGG, Pubmed.

· Medium: Oncomine, SMD, PIR, CATH, PDBsum, FSSP, DSSP, HSSP, IntAct, AMIGO, Pfam, Prosite, NCBI databases, CATH, PDBsum, phenotypes, CAS, SMART, BIND, DIP, MINT, PIM,.

· Low: CleanEx, DDBJ.

General bioinformatics tools:

· High: Conversion / translation, Parsing / extraction, Retrieval, LIMS.

· Medium: 

· Low: 

Genomics:

· High: BLAST, WU-Blast2, PSI-BLAST, FASTA, EMBOSS package.

· Medium: FASS, DNADIST, jdotter, T-Coffee, ClustalW & ClustalX, DAVID, SAAM II, TransFind, MEME/MAST, Mutational behaviour, HMM, HMMER, HMMSearch , phylogenetic studies, PHD, Hot Spots, PMUT.

· Low: Contigs and assembling, Sequence characterization, Gene identification, Vector NTI, Mutational behaviour, Functional residues prediction, Motif database searching, Sequence / structure comparison, Comparative analysis of 3D structures.

Transcriptomics (DNA Microarray tools)

· High: GeneChip Operating System (GCOS), GenePix, Scanalyze2, Engene, Expression Profiler, PreP, Xcluster, Cluster & TreeView, R - Bioconductor packages.

· Medium: Oligo, Primer3, BioMine, GEPAS, J-Express, MAExplorer, Microtracker, Partek Software Suites, Association rule discovering, LitheMiner.

· Low: CSIRO Spot, spotSegmentation, Acuity, AMADA / AMIADA, ArrayStat, BRB Array Tools, DNA-array analysis tools, DNA-Chip Analyzer, ExpressionSieve, GeneLinker, GeneMaths, GeneSight, GeneSpring GX, Genesis, GeneSense, Soochika, TIGR MIDAS, X-Miner, Xpression, Qfirst, GenMapp, ImaGene, MeV, MIDAS, PathwayStudio, Ingenuity Pathway Analysis (IPA), Decision site, TIGR SpotFinder, SAGE, MineBioText, MineGene, ArrayUnlock.

Data mediation / integration

· High: FatiGO, PubMed, DAS systems.

· Medium: Protégé 3.1, bioBroker.

· Low: FACT++/Pellet, Jena Framework, OWL, BioMart, Annotations (FunCUT).

Proteomics

· High: 

· Medium: Melanie & ImageMaster, Decyder (Amershan Pharmacia), Phoretix 2D (Phoretix International), Gellab, Kepler; Z3; GD-Impressionist, Progenesis PG600.

· Low:  

2.3.2 Data sources

	  Databases of importance for ACGT 

	Name
	Description
	more info 
	Lincese / Price
	Priority (H/M/L)

	Medical Databases

	BIC 
	Breast cancer Information Core (public database)
	http://research.nhgri.nih.gov/bic/
	Free for academic
	High

	OMIM
	Online Mendelian Inheritance in Man, a database of human genes and genetic disorders 
	http://www.ncbi.nlm.nih.gov/omim/ 
	 Free for research
	High

	Gene Expression Databases

	BASE
	A LIMS system (ref: Lao H. Saal, Carl Troein, Johan Vallon-Christersson, Sofia Gruvberger, Åke Borg and Carsten Peterson BioArray Software Environment: A Platform for Comprehensive Management and Analysis of Microarray Data)
	http://base.thep.lu.se/
	Free
	High

	ArrayExpress
	MIAME compliant repository of published microarray datasets (EBI)
	http://www.ebi.ac.uk/arrayexpress/ http://www.ebi.ac.uk/miamexpress
	OS
	High

	GEO -Gene Expression Omnibus. 
	A gene expression/molecular abundance repository supporting MIAME compliant data submissions, and a curated, online resource for gene expression data browsing, query and retrieval. (Microarray database with good search engine and export of data)
	http://www.ncbi.nlm.nih.gov/geo/
	OS
	High

	
	
	
	
	

	
	
	
	
	

	Oncomine
	Microarray Database Oncomine (includes some tools for profiling)
	www.oncomine.org
	OS
	Medium

	CleanEx
	Comparative database of published microarray datasets.
	http://www.cleanex.isb-sib.ch/
	Free
	Low

	
	
	
	
	

	SMD
	Stanford Microarray Database (Database of Stanford arrays with export of data and some tools for filtering and first analysis)
	http://genome-www5.stanford.edu/
	OS
	Medium

	Nucleotide Sequence Databases

	EMBL Bank
	European Nucleotide Sequence Database
	www.ebi.ac.uk/embl 
	Free
	High

	EnsEMBL
	Integrated nucleotide sequence knowledge base
	http://www.ensembl.org/
	Free
	High

	
	
	
	
	

	GenBank
	American Nucleotide Sequence Database
	www.ncbi.nih.gov/    www.ncbi.nlm.nih.gov/Genbank/
	Free
	High

	UniGene
	Database of clusters of GenBank sequences.
	http://www.ncbi.nih.gov/
	Free
	High

	
	
	
	
	

	DDBJ
	DNA Data Bank of Japan
	http://sakura.ddbj.nig.ac.jp/
	 
	Low

	Protein Databases

	Swissprot
	Protein knowledge base
	http://www.expasy.org/sprot/
	 Free
	High

	UniProt
	Universal protein resource: Consolided DB from : Swissprot + TrEMBL + REMTrEBML + PIR).
	http://www.uniprot.org
	free to copy, distribute, ...
	High

	PIR
	Protein information resource
	http://pir.georgetown.edu/
	Free
	Medium

	3D Structure databases

	PDB
	Protein data bank
	http://www.rcsb.org/pdb/
	Free 
	High


Protein structure classification. CATH is a hierarchical classification of protein domain structures, which clusters proteins at four major levels, Class(C), Architecture(A), Topology(T) and Homologous superfamily (H). 

	
	http://cathwww.biochem.ucl.ac.uk/
	 
	Medium
	

	PDBsum
	Putative protein-protein binding sites, ligand binding sites, and protein-DNA binding sites by homology with those observed in crystallized protein structures.
	http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
	freely available 
	Medium

	FSSP
	Fold classification based on structure-structure assignments
	http://www.ebi.ac.uk/dali
	 
	Medium

	DSSP
	secondary structure assignments for all PDB-protein entries  (it is also a programm)
	 
	 
	Medium

	HSSP
	DB of homology-derived secondary structure of proteins
	http://swift.cmbi.kun.nl/gv/hssp/
	 
	Medium

	IntAct
	Protein interaction data
	http://www.ebi.ac.uk/intact/
	freely available 
	Medium

	Distance Matrices (Distance matrices are needed in all programs that perform sequence comparison)

	PAM
	Point Accepted Mutation matrices (from PAM10 to PAM450)
	 
	free
	High

	BLOSUM
	Block alignment derived substitution matrices (from Blosum 30 to Blosum90)
	 
	free
	High

	Ontology Databases

	GO: Gene Ontology
	Function, Biological process, and Cellular component
	http://www.geneontology.org/
	free
	High

	
	
	
	
	

	GOA
	Gene Ontology Annotation @ EBI, provides association between GO terms and genes
	http://www.ebi.ac.uk/GOA/
	Open access
	High

	AMIGO
	Gene Ontology database
	http://www.godatabase.org/cgi-bin/amigo/go.cgi
	OS
	Medium

	Pathway Databases

	KEGG 
	Kyoto Encyclopedia of Genes and Genomes: pathways map
	http://www.genome.ad.jp/kegg/
	Licenses for non-academic users 
	High

	EBI Databases repositorie
	Public databases and tools
	http://www.ebi.ac.uk/
	Free
	High

	Motif Databases

	Pfam.
	Protein Families and domains database (includes multiple sequence alignments and HMM models
	http://www.sanger.ac.uk/Software/Pfam/
	 
	Medium

	Prosite, BLOCKs, PRODOM, PRINTS..
	Sequence motifs databases; protein domains, etc
	www.expasy.org/prosite/  http://protein.toulouse.inra.fr/prodom/current/html/home.php
	 
	Medium

	Scientific literature

	PubMed
	Bibliographic references (including MeSH terms) . PubMed is a service of the U.S. NLM that includes over 16 million citations from MEDLINE and other life science journals for biomedical articles back to the 1950s. 
	http://www.ncbi.nlm.nih.gov/PubMed/
	Public domain access
	High

	NCBI databases 
	Public databases and tools
	http://www.ncbi.nlm.nih.gov/
	OS
	Medium

	BEA
	Biovista
	http://www.biovista.com
	Commercial
	High

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	DAS servers (data integration)

	Ensembl
	system which produces and maintains automatic annotation on selected eukaryotic genomes
	http://www.ensembl.org
	free access
	High

	UniProt
	Protein features annotations
	http://www.ebi.ac.uk/uniprot-das/ (DAS server)
	free access
	High

	KEGG
	Pathway maps
	http://www.genome.jp/kegg/soap/ (Java)
	Licenses for non-academic users 
	High

	GO: Gene Ontology
	Function, Biological process, and Cellular component
	http://www.geneontology.org/GO.tools.shtml (different annotation tools)
	freely available to all the public
	High

	Pubmed
	Bibliographic references (including MeSH terms)
	http://eutils.ncbi.nlm.nih.gov/entrez/query/static/eutils_help.html
	Public domain information (NLM) 
	High

	CATH
	Annotates PDB structures with CATH structural domains
	http://www.biochem.ucl.ac.uk/bsm/cath/ (DAS)
	 
	Medium

	PDBsum
	Putative protein-protein binding sites, ligand binding sites, and protein-DNA binding sites by homology with those observed in crystallized protein structures.
	http://www.ebi.ac.uk/das-srv/proteindas/das/sasprot/ (DAS)
	freely available 
	Medium

	phenotypes
	Phenotypes associated directly or via orthologues or protein families. Use the Ensembl,Gene_ID databases.
	http://www.ebi.ac.uk/das-srv/genedas/das/phenotypes/ (DAS)
	 
	Medium

	Catalytic Site Atlas (CAS)
	Manually curated collection of catalytic sites (and predicted by homology) described in the literature
	http://www.ebi.ac.uk/das-srv/proteindas/das/csalit/ and http://www.ebi.ac.uk/das-srv/proteindas/das/csaextended/ (DAS)
	 
	Medium

	SMART
	Domain annotations for Uniprot/Ensembl
	http://smart.embl.de/smart/das/smart/ (DAS)
	http://smart.embl-heidelberg.de/
	Medium

	BIND, DIP, MINT, PIM, etc...
	Protein interactions
	http://www.blueprint.org/bind/bind_relateddatabases.html
	 
	Medium


Services
	  Scientific tools for bioinformatics and biomedicine (ACGT)

	Area / tool
	description
	More info
	Lincese / Price
	Priority (H/M/L)

	General bioinformatics tools

	Conversion / translation services
	change format (without loss of data)
	i.e. converts an alignment in Clustalw format into Phylip format / or an aminoacid FASTA sequence into an AA sequence
	 
	High

	Parsing / extraction data services
	extract partial information 
	i.e. obtain the AA sequence from a structural entry in PDB / or get the best hits from a Blast report using the E-Value as threshold
	 
	High

	Retrieval services
	Retrieves an entry for a given DB
	i.e. records from EMBL, GenBank, Swiss-Prot / or partial information such as the 3D coordinates from a PDB entry
	 
	High

	Data translation services
	i.e. translate a nucleotide sequence in all its 6 ORFs (coding as AA sequence)
	 
	 
	High

	LIMS
	Laboratory Information managment system (for gene expression data)
	ArrayHub (integromics.com)
	Commercial
	High

	Genomics

	Functional genomics

	Contigs and assembling
	Software for editing and assembly of sequence chromatograms 
	(i.e Vector NTI)
	 
	Low

	Sequence characterization
	Software for determine different sequence properties, such as: physicochemical; CG content, hidrophobicity, etc
	
	 
	Low

	Gene identification
	Ab initio gene prediction tools
	(i.e. GeneID at genome.imim.es)
	 
	Low

	BLAST 
	the Blast family of programs for "similarity searching" are focused in finding regions of sequence similarity quickly, with minimum loss of sensitivity
	http://130.14.29.110/BLAST/
	Free
	High

	WU-Blast2
	The Washington University Blast tool (version 2.0). This is the basic tool which includes statistics
	http://www.ebi.ac.uk/blast2/
	Free academy 
	 High

	PSI-BLAST
	Position specific iterative BLAST (PSI-BLAST) refers to a feature of BLAST 2.0 in which a profile (or position specific scoring matrix, PSSM) is constructed 
	http://www.incogen.com/public_documents/vibe/details/NcbiBlastp.html
	Free academy  
	 High

	FASTA
	FASTA family of programs for biological sequence comparison programs for searching protein and DNA sequence databases. These programs are equivalent to Blast family using a different approach
	http://fasta.bioch.virginia.edu
	Free 
	 High

	EMBOSS
	Pairwise global alingment using the Needleman-Wunsch algorithm.
	http://www.compbio.ox.ac.uk/analysis_tools/EMBOSS.shtml
	Free Open Source 
	 High

	FASS
	Predicting Functional Residues in Protein Sequence Alignments
	http://somosierra.cnb.uam.es/Servers/treedet/
	free
	Medium

	DNADIST
	Computes a distance matrix from a set of nucleotide sequences, under different models of nucleotide substitution.
	(http://evolution.genetics.washington.edu/phylip.html) Phylips package 
	 
	Medium

	jdotter
	Dotplots
	http://athena.bioc.uvic.ca/techDoc/jdotter/
	 
	Medium

	T-Coffee
	Multiple sequence alignment combination
	http://igs-server.cnrs-mrs.fr/~cnotred/Packages/T-COFFEE_distribution_Version_4.45.tar.gz
	Free
	Medium

	ClustalW & ClustalX 
	Alignment / similarity search tools. CLUSTAL W: perform a progressive MSA through sequence weighting,position-specific gap penalties and weight matrix choice.
	http://www2.ebi.ac.uk/clustalw/ 
	Free
	Medium

	DAVID
	Data annotation software. (ref: PMID: 12734009)
	http://david.niaid.nih.gov/
	Free
	Medium 

	SAAM II pharmacokinetics
	Simulation, Analysis and Modeling for Kinetic Analysis
	http://depts.washington.edu/saam2/
	 
	Medium

	Vector NTI
	Desktop application for DNA and protein sequence analysis. Support annotation, assembly, blast searching, translation, primer design, in silico cloning, and a number of other common tools (includes graphical interfase)
	http://www.invitrogen.com/content.cfm?pageid=10071
	Commercial
	Low 

	TransFind
	Pattern discovering in protein sequences
	http://www.genomicdiscoverytools.com/
	Commercial
	Medium 

	MEME/MAST
	Pattern discovering in protein sequences
	www.inab.org/MOWServ
	Free upon request
	Medium 

	Mutational behaviour
	Automatic method for predicting functionally important residues (Mutational Behavior) in protein sequence alignments (longer than 50 residues and at least 15 sequences), in the FASTA text format, as input.
	pdg.cnb.uam.es
	Free upon request
	Low 

	Functional residues prediction
	Automatic method for predicting functionally important residues using the concept of Relative Entropy in protein sequence alignments 
	www.inab.org/MOWServ
	Free upon request
	Low

	Hidden Markov Models (HMM) for sequence profiling
	Constructs a Hidden Markov Model from a multiple sequence alignment.
	SAM software (sequence alignment and modelling system) http://www.cse.ucsc.edu/compbio/sam.html
	Free
	Medium 

	HMMER
	Searches a HMM profile database (Pfam) with a query sequence (identify those HMM profiles embbedded in the sequence)
	 http://hmmer.wustl.edu/
	Free 
	Medium 

	HMMSearch 
	Searches a set of sequences with a HMM profile (identify those sequences that contains the profile)
	http://pfam.cgb.ki.se/hmmsearch.shtml 
	Free 
	Medium 

	Motif database searching
	Analyzes a DNA sequence for putative specific factors (i.e. binding sites) from specific databases (i.e. transfac)
	i.e. factor binding sites from Transfac or Jaspar
	 
	Low 

	phylogenetic studies
	Phylip Package (Maximum likelihood, parsimony, Fitch-Margolias, Neighbor join UPGMA, 
	http://evolution.genetics.washington.edu/phylip.html
	free
	Medium 

	Structural genomics

	PHD
	Performs secondary structure and accessibility predictions using PHD
	http://mmb.pcb.ub.es/
	Free academy
	Medium

	Hot Spots
	Predicts sequence positions (Hot Spots) that would produce pathological behaviour when mutated. Trained with human pathological mutations
	http://mmb.pcb.ub.es/
	Free academy
	Medium

	PMUT
	Annotation and prediction of pathological mutations (given a mutation at a specific location in a protein sequence, estimate whether it can be pathological (it can lead to disease for the carrier) or non-pathological / neutral (no effect on the carrier's health)
	http://mmb2.pcb.ub.es:8080/PMut/
	Free academy
	Medium

	Sequence / structure comparison
	Per residue reliability for alignments between query sequences and sequences of known structure (ie those from the PDB)
	pdg.cnb.uam.es
	 
	Low 

	Comparative analysis of 3D structures
	protein fold classification, active site, residues maps (using 3D databases: SCOP, CATH, DALI, etc.)
	SCOP: http://scop.mrc-lmb.cam.ac.uk/scop. CATH: http://www.biochem.ucl.ac.uk/bsm/cath. DALI/FSSP: http://www2.embl-ebi.ac.uk/dali.
	 
	Low 

	Transcriptomics (DNA Microarray tools)

	Experiment design

	Oligo
	Primer & Probe Design Tools
	www.oligo.net
	Commercial
	Medium 

	Primer3
	Primer & Probe Design Tools. (ref: Rozen S, Skaletsky H (2000) Primer3 on the WWW for general users and for biologist programmers.
	http://frodo.wi.mit.edu/primer3/primer3_code.html   
	Free
	Medium 

	Data acquisition software

	CSIRO Spot
	Microarray/Macroarray Image Processing Tools
	http://experimental.act.cmis.csiro.au/Spot/index.php
	Commercial
	Low 

	GeneChip Operating System (GCOS)
	Affymetrix image analysis tool
	(W) http://www.affymetrix.com/
	Commercial (free)
	High

	GenePix
	Microarray image segmentation and analysis tool
	http://www.moleculardevices.com/
	Commercial
	 High

	Scanalyze2
	Microarray/Macroarray Image Processing Tools
	http://rana.lbl.gov/index.htm
	Free academy
	 High

	spotSegmentation
	Microarray/Macroarray Image Processing Tools
	http://www.stat.washington.edu/fraley
	GPL
	Low 

	 Data processing & visualization

	Acuity
	Axon Instruments Inc.
	(MS.W) http://www.axon.com
	Commercial
	Low

	AMADA / AMIADA
	Dept. Biol. Univ. Ottawa
	(MS.W) http://aix1.uottawa.ca/~xxia/software/amiada.htm
	Free
	Low 

	ArrayStat
	Imaging Research Inc.
	(MS.W) http://www.imagingresearch.com
	Commercial
	Low 

	BioMine
	Gene Network Science
	(MS.W) http://www.gnsbiotech.com
	Academic license
	Medium 

	BRB Array Tools
	Mol. Stat. and Bioinf. Section, Biometric Res. Branch, NCI
	(MS.W) http://linus.nci.nih.gov/BRB-ArrayTools.html
	Free academic & non-profit
	Low 

	
	
	
	
	

	DNA-array analysis tools
	National Spanish Cancer Center (CNIO)
	(Web) http://bioinfo.cnio.es/dnarray/analysis
	free
	Low 

	DNA-Chip Analyzer 
	Wong Lab. Dept. of Stat., Hard-vard Univ.
	(MS.W) http://www.dchip.org
	Academic license
	Low 

	Engene 
	Comp. Archit. Dept., Univ. of Malaga.
	(Web) http://www.engene.cnb.uam.es; chirimoyo.ac.uma.es/engenet
	free upon request
	High 

	Expression Profiler
	European Bioinf. Instit. (EBI)
	(Web) http://ep.ebi.ac.uk
	free
	High 

	ExpressionSieve
	BioSieve
	(Java) http://www.biosieve.com
	Academic license
	Low 

	
	
	
	
	

	GeneLinker, GeneLinker Platinum
	Mol. Mining Corp.
	(MS.W) http://microarray.genelinker.com
	Academic license
	Low

	GeneMaths
	Applied Maths
	(MS.W) http://www.applied-maths.com
	Commercial
	Low

	GeneSight 
	BioDiscovery
	(MS.W-Linux-Mac) http://www.biodiscovery.com
	Commercial
	Low 

	GeneSpring GX
	Agilent (formerly Silicon Genetics) General purpose microarray mining tool.
	(MS.W-Linux-Mac)http://www.chem.agilent.com
	Commercial
	Low

	Genesis 
	Bioinf. Group, Inst. Of Biomedical Eng, Graz Univ. of Technology
	(Java) http://genome.tugraz.at
	Free
	Low

	GeneSense
	InforSense
	http://www.inforsense.com
	Commercial
	Low

	GEPAS 
	Bioinf. Unit, National Spanish Cancer Center  (CNIO)
	(Web) http://gepas.bioinfo.cnio.es
	Free
	Medium

	J-Express
	MolMine
	(Java) http://www.molmine.com
	Academic license
	Medium

	MAExplorer 
	Open Source at SourceForge
	(Java) http://maexplorer.sourceforge.net
	Free/ Open source (MPL)
	Medium

	Microtracker
	Ocimum Biosolutions
	http://ocimumbio.com
	Commercial
	Medium

	Partek Software Suites
	Partek
	(MS.W-Linux-Mac) http://www.partek.com
	Commercial
	Medium

	PreP
	University of Malaga, Spain
	http://chirimoyo.ac.uma.es/bitlab/services/PreP/index.htm
	Academic license
	High

	Soochika
	Strand Genomics
	(MS.W-Linux-Mac) http://www.strandgenomics.com
	Upon request
	Low 

	TIGR MIDAS 
	The Inst. Of Genom. Res. (TIGR)
	(Java) http://www.tigr.org
	Free/ Open source
	Low 

	Xcluster
	Standford Univ.
	(MS.W-Linux-Mac) http://genome-www.stanford.edu/software
	Free academic & non-profit
	High 

	X-Miner
	X-MINE
	(Web) http://www.x-mine.com
	Commercial
	Low 

	Xpression
	Informax Inc
	(MS.W) http://www.informaxinc.com
	Commercial
	Low 

	

	Cluster & TreeView
	Microarray Data Analysis Tools
	http://rana.lbl.gov/index.htm
	Free for academic
	High 

	
	
	
	
	

	Qfirst
	Quality is the first in gene expression data
	www.integromics.com
	Commercial
	Low 

	GenMapp
	gene expression data visualization on maps representing biological pathways
	http://www.genmapp.org/
	OS
	Low 

	ImaGene
	Microarray/Macroarray Image Processing Tools
	http://www.biodiscovery.com/
	Commercial
	Low 

	MeV
	Microarray Data Analysis Tools
	http://www.tm4.org/mev.html
	Open Source
	Low 

	MIDAS
	Microarray Data Analysis Tools
	http://www.tm4.org/midas.html
	Open Source
	Low 

	PathwayStudio
	Literature/Database-based integration of microarray results with pathways.
	http://www.ariadnegenomics.com/
	Commercial
	 Low

	Ingenuity Pathway Analysis (IPA)
	Integration of microarray results with pathways
	http://www.ingenuity.com/
	Commercial
	 Low

	Decision site
	Spotfire
	www.spotfire.com
	Commercial
	Low

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	TIGR SpotFinder
	Microarray/Macroarray Image Processing Tools
	http://www.tm4.org/spotfinder.html
	Open Source
	Low 

	SAGE
	Serial Analysis of Gene Expression
	http://www.sagenet.org/
	OS
	Low 

	Datamining tools
	 
	 
	 
	 

	MineBioText
	MineBioText is a generic software tool for Data Mining in Biomedical Text Documents.
	http://www.ics.forth.gr/~kantale/MineBioText/MineBioText.html     Authors: antonak@ics.forth.gr, kantale@ics.forth.gr
	 
	Low 

	MineGene
	MineGene is a general-purpose machine learning tool to serve as an application platform for various Data Mining Operations including gene selection, classification and clustering algorithms.
	http://www.ics.forth.gr/~kantale/MineGene/MineGene.html   Author: kantale@ics.forth.gr
	 
	Low 

	Association rule discovering
	Software for disclosing associations among data.
	A-priori based algorithms. (i.e "engene" at chirimoyo.ac.uma.es/engenet; Borgelt software at  http://fuzzy.cs.uni-magdeburg.de/~borgelt/apriori.html)
	 
	Medium 

	ArrayUnlock
	Association rule discovering between gene expression data and functional annotations
	www.integromics.com
	Commercial
	Low 

	LitheMiner
	Association rule discovering in scientific literature
	www.integromics.com
	Commercial
	Medium 

	
	
	
	
	

	Ontology tools
	 
	 
	 
	 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	R - Bioconductor packages
	R is a programming language and software environment for statistical computing and graphics. The bioinformatics community has seeded a successful effort to use R for the analysis of data from molecular biology laboratories. The bioconductor project started in the fall of 2001 provides R packages for the analysis of genomic data. e.g. Affymetrix and cDNA microarray object-oriented data handling and analysis tools.Availability of many tools for statistical analysis and very good for tool development and programming own routines – compatible with other programming languages (eg. C)
	http://www.r-project.org/       http://www.bioconductor.org/ 
	Open source
	High 

	Data mediation / integration

	FACT++/Pellet
	OWL-DL Reasoner
	http://owl.man.ac.uk/factplusplus/  http://www.mindswap.org/2003/pellet/index.shtml
	OS
	Low 

	Jena Framework
	Java framework for building Semantic Web applications. It provides a programmatic environment for RDF, RDFS and OWL, including a rule-based inference engine.
	http://jena.sourceforge.net/
	OS
	Low 

	OWL
	Ontology Web language
	http://www.w3.org/TR/owl-features/
	 
	Low 

	Protégé 3.1
	Ontology editor and knowledge-base framework. 
	http://protege.stanford.edu/         http://www.co-ode.org/resources/tutorials/ProtegeOWLTutorial.pdf
	OS
	Medium 

	FatiGO
	Annotation by comparing lists of genes in terms of PubMed bio-entities (chimical and diseases), Gene Ontology terms (cellular component, biological process and molecular function), InterP,
	http://bioinfo.cipf.es
	Free
	High 

	BioMart
	Database federation search engine (mediation service)
	http://www.biomart.org/
	GPL
	Low 

	PubMed
	PubMed is a free search engine for the MEDLINE database. MEDLINE covers over 4,800 journals published in the United States and more than 70 other countries primarily from 1966 to the present.
	http://pubmed.gov     http://en.wikipedia.org/wiki/Pubmed
	 
	High 

	DAS systems
	Distributted Annotation Servers (Reference and annotations servers). Several available Clients
	http://www.ensembl.org/info/data/external_data/das/ensembl_das.html
	free
	High 

	Annotations (FunCUT)
	Annotates homologous sequences including the identification of protein subfamilies (orthologous groups)
	(http://www.pdg.cnb.uam.es/funcut.html)  http://pdg.cnb.uam.es/das/funcut/ (DAS)
	 
	Low 

	bioBroker
	XML-based mediator system (Swissprot, EMBL, KEGG and PDB)
	uranos.khaos.uma.es/mediator
	free
	Medium 

	Proteomics

	Melanie & ImageMaster
	2D gel image analysis software suite
	Geneva Bioinformatics (GenBio): www.genebio.com
	Commercial
	Medium 

	Decyder (Amershan Pharmacia)
	2D gel image analysis software suite
	Amershan Pharmacia: http://www5.amershambiosciences.com
	Commercial
	Medium 

	Phoretix 2D (Phoretix International) 
	2D gel image analysis software suite
	Phoretix International: http://www.nonlinear.com/
	Commercial
	Medium 

	Gellab
	image processing software and gel analysis systems 
	Scanalytics: http://scanalytics.com/product/gellab/2d-gel.shtml
	Commercial
	Medium 

	Kepler; Z3; GD-Impressionist
	2D gel image analysis software suite
	Large Scale Proteomics; Compugen; GeneData...
	Commercial
	Medium 

	Progenesis PG600
	A new addition to the Progenesis range which has been developed for the processing and comparison of MS traces from different sample classes and treatments allowing fast identification of potential protein biomarkers.
	http://www.nonlinear.com/products/progenesis/
	Commercial
	Medium 


Conclusions

2.3 General recommendations

First of all, it is necessary to make a decision on the general strategy to be followed by ACGT in the bioinformatics services. 

All the following recommendations are to be implemented within the integrated Clinico-Genomic ICT Grid infrastructure to be developed in WP3 & 4.
From our point of view at least four main alternatives must be discussed:
a) Full support to bioinformatics services from the ACGT platform

a. High development cost

b. Demand of specialized persons for maintenance

c. Full control on tools interconnectivity and WFs 

b) Use the bioinformatics tools that are world wide available

a. Interconnectivity among tools is currently not solved

b. Demand of specialized users 

c. Minimize development cost

d. External tools will always be available (we don’t need to make a decision on this aspect)

c) Use-Case driven approach. Develop the specific tools for ACGT (especially in gene-expression data and KDD fields), including collateral tools to complete the defined scenarios.

a. Concentrate efforts in what is needed

b. New contributions to bioinformatics field

c. Compatibility among tools

d. An incremental strategy will allow to populate the platform with additional tools

d) Use-Case driven approach with focus on available tools. Match requirements with available tools and build a system that integrates them into one infrastructure, filling the gaps with new tools.

a. Concentrate efforts in what is needed

b. Only unavailable tools (or tools too expensive to integrate) are developed

c. Development effort is balanced between integration of existing tools and creation of new ones

Our recommendation is to follow a pragmatic and incremental approach, starting, as a proof of concept, with a minimal set of databases and services ranked with high priority, and then, incorporate new collections as they are needed step by step.

Since the main challenge of ACGT is centered around improving medical diagnosis, treatment and prognosis of patients with cancer, we suggest to concentrate efforts in the use of bioinformatics tools for data-processing in the particular domain of gene-expression data. This is especially important, because the ACGT platform will provide predictive tools to estimate the effect of treatment on an individual patient, in order to align cancer treatment with individual genetic profiles by applying novel DNA arrays technology and advanced bioinformatics. The incorporation of proteomic data and analysis tools to the ACGT infrastructure should be also considered as they provide a wealth of information unavailable from gene-expression data alone.

2.4 Specific recommendations
a) Choose the most adequate technology around the provision of distributed services (web-services, GRID-technology based integration, etc). We must be extremely careful with the adoption of the most appropriated technologies that minimizes the creation of ad-hoc solutions to the wide variety of problems faced by ACGT.

b) The technology must provide a mechanism to allow the different groups to work together and provide a “service” that should be much stronger than any individual group could provide. In this sense the platform should provide a mechanism to promote good interaction between expert bioinformatics groups with complementary expertise. The Technology should also provide the interaction between clinicians and bioinformatics, to speed up the adoption of bioinformatic research into clinical practice.

c) Since a large number of tools and services are expected to be incorporated into the ACGT Grid system, we strongly recommend organizing services and service inputs/outputs to provide a catalogue of what is currently available to the user. In this way, automatic engines can be built to support the dynamic growing of the platform. For this purpose the ACGT Web Pages can be used.

· As much as possible, services should allow component based analysis. To promote the combined use of services we clearly need I/O compatible objects.

· To increase the possibility of services that operate on general objects (such as a sequence), it is useful to organize the input and output objects in an ontology. If a hierarchical structure is used to relate the objects, it is even possible to allow inheritance from more general objects. However, it is important to also maintain a concept based relation with these data types. Really, a semantic solution to recognize similar/compatible objects should be used.

· As much as possible, the complexities of the system should be hidden from the users but in some way the end users will be exposed to the service and data organization. Therefore it is of vital interest that this catalogue of services and objects is useful and easy to understand to facilitate browsing of services and data objects.

· This organization is also a prerequisite for automatic and uniform interface generation to the end user. It is not feasible to design a separate interface for each service since we expect many services to be incorporated in ACGT. In fact, for the user to feel comfortable with the system and regard it as a uniform system, the interface for every service and object must have a uniform look.

· Again, related to end-user needs, this organization will need detailed help and training systems, that have to be enabled. This help could be provided by the individual service providers, but a centralized system for help generation will not only ensure a uniform look but also reduce the risk of individual broken links. It is also important to maintain a minimal set of data available in this help system (such as parameters, types, description, default values)

· The system should also allow the users to store and maintain results from the services if they wish. While it is possible that individual users manage their data themselves locally, there are clearly advantages with a data repository, provided by the grid.

· Clearly, not all useful services and databases will in the end be a direct part of the grid. Therefore it is necessary that the system can provide use of external sites and services such as BioMOBY through plugins. It is important that the data of such external services are also connected to the main ontology to allow compatibility with ACGT services.

· Continuing in that direction, bioinformatics tools such as Taverna should be able to access the ACGT services at least to some extent.

· Also very important for the end-users is the ability of the system not only to visualize the data but also to provide the possibility to interact with such data. This is a difficult feature to achieve, as some visualizations require that the entire data set is available (e.g. a hierarchical clustering need the entire gene expression matrix).

· It is of utmost importance for the project, that all data storage, distribution and integrations fulfill all legal and ethical issues. 

Finally, we recommend a discussion about the bioinformatics role in the consortium. The bioinformatics side can provide advice and access to software and hardware resources but also could interpret all the data generated in this large-scale project. The right (and early) distribution of the task is a very sensible issue for the success of the project.
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e) 
a. 
b. 
c. 
f) 
a. 
b. 
c. 
d. 
g) 
a. 
b. 
c. 
d. 
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· 
· 
· 
· 
· 
· 
· 
· 
· 

Appendix 1 - Abbreviations and acronyms

	GUI
	Graphical User Interface

	KDD
	Knowledge Discovery in Databases

	WF
	Workflow

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


































































































































































































































































































� An outline of the questionnaire is given in Annex 1.
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