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1. Summary and Action Points for AGRON-OMICS  
 
   The AGRON-OMICS workshop “Ontologies, Standards and Best Practice” took place at the 

Department of Plant Systems Biology, VIB-UGent (Gent, May 21-May 23, 2007). There were thirty-

seven participants of which about half are affiliated with partner laboratories and directly contribute to 

AGRON-OMICS. This event was organized to raise awareness about the need of adopting specific 

biomedical ontologies and data standards among biologists, and to stimulate discussions about the 

issues connected with the use of these classification and standard systems in plant research. The 

program consisted of four seminar sessions with international speakers of different scientific 

background, and four practical training sessions designed to provide hands-on experience on software 

for viewing and editing biological ontologies, recording plant phenotypes using a controlled vocabulary, 

and for building data acquisition pipelines through web-services. 

   Throughout the workshop the scientific organizing committee has structured part of the discussions 

to evaluate which of the existing ontologies and biological pathway standards may be adopted and/or 

enriched by AGRON-OMICS. This effort resulted in the definition of workgroups responsible to follow-

up development paths in the consortium context:  

i) Use of ontologies (how to use/enrich PO, GO, PATO, EO) 

   - Definition of an Arabidopsis leaf phenotype ontology (Belfield, Chih-Wei Tung, Fiorani, Granier, 

Hilson, Perez-Perez) 

   - Definition of an Arabidopsis genotype ontology (Fiorani, Hilson, Usadel, Chih-Wei Tung, 

Kusnierczyk, MPI- DB) 

ii) Information exchange and inter-operability of current biological pathways systems, and acquisition 

of specific analytical results concerning genes included in the AGRON-OMICS molecular scaffold 

(Usadel, Zimmermann, Walsh, Higgins, Kuiper, Rhee, Schmidt) 

iii) Building dedicated literature mining and plant phenotype annotation tools 

    - Coordination of a consortium trial for a software currently developed at PSB (Vercruysse, Kuiper, 

Hilson, Fiorani, Kusnierczyk) 

     - Evaluation of available tools for phenotype annotation (Perez-Perez, Granier, Fiorani) 

iv) Development of dedicated web-services driven by partners’ requests via Wiki style AGRON-OMICS 

web pages (Schildknecht, Kusnierczyk)  

   The conclusions of these workgroups will be summarized in working documents that will be 

accessible to all partners or will be the object of specific communications directed to AGRON-OMICS 

partners, with particular reference to deliverables of work-package 1 (Leaf Growth), work-package 6 

(Data Integration), and work-package 7 (Models).  

   In conclusion, this workshop was essential for future research within the AGRON-OMICS 

Consortium, and raised the awareness of the participants of the challenging tasks of adopting and 

developing resources specifically designed for the plant research community. The participants 

generally expressed a positive judgment and actively contributed to the discussions after the seminars 

and during the training sessions.       
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2. Workshop Program 
 
SEMINARS  
 
Session I: Ontologies (chairperson: Pierre Hilson, PSB)  
 
"Biomedical Ontologies: Foundations and Principles of Design" - Waclaw Kusnierczyk (University of 
Trondheim) 
 
“Ontology-driven Data Integration in Life Sciences” - Vladimir Mironov (PSB)  
 
“Applications of Plant Ontologies for Describing and Comparing Phenotypes and Gene Expression in  
 
 Angiosperms” - Katica Ilic (former coordinator of Plant Ontology Consortium)   
 
“Plant Ontology” - Chih-Wei Tung (present coordinator of Plant Ontology Consortium)  
 
 “Leaf Growth Phenotyping : Which Data for Which Objectives, in Which Context ?” - Christine Granier 
(INRA-LEPSE)  
 
Session II: Data Standards and Best Practice (chairperson: Martin Kuiper, PSB)  
 
“MIAME and Other Functional Genomics Standards - The State of the Art” Helen Parkinson (EBI)  
 
“SBML: Systems Biology Markup Language” - Sarah Keating (University of Hertfordshire, UK)  
 
“Implementation of Best Practices in Large Scale EU Projects” - Martin Kuiper (PSB)  
 
“Literature Semantic Search and Encoding” - Steven Vercruysse (PSB) 
 
Session III: Web-services for Biological Data (chairperson: Katica Ilic)  
 
“Data Integration” - Beatrice Schildknecht (NASC) 
 
Session IV: Biological Pathways (chairperson: Fabio Fiorani, PSB)  
 
“Quality Control of Microarray Data and Pathways in Genevestigator” - Philip Zimmermann (ETH)  
 
“Integration of Various Multiparallel Data Sources Using the MapMan Software Family” - Björn Usadel 
(MPI-MP)  
 
“Reactome - a Knowledgebase of Biological Pathways” - Esther Schmidt (EBI)  
                         
“The Arabidopsis Reactome : Status and Applications” - Sean Walsh (JIC)  
 
TRAINING SESSIONS 
 
“Recording leaf phenotypes: practical session” - Daisy Belfield (NASC)  
 
“Web-services demo sessions (NASC, TAVERNA)” - Beatrice Schildknecht (NASC) 
   
“Using ontologies and ontology editing tools: introduction and hands-on session on the applicability to 
capturing plant phenotypes” - Katica Ilic, Jane Lomax (EBI) 
  
“Manual literature encoding tool: introduction and hands-on session” - Steven Vercruysse (PSB)  
 
Scientific organizing committee: Pierre Hilson, Fabio Fiorani, Martin Kuiper 
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3. Abstracts  
3.1 Session I: Ontologies 
 
Biomedical Ontologies: Foundations and Principles of Design  
 
Waclaw Kusnierczyk 
Department of Computer and Information Science, University of Trondheim, Norway. 
 
During the past decade, biomedical ontology development has become one of the most visible 
research activities within the field of bioinformatics.  However, despite a long tradition of knowledge 
representation in philosophy and computer science, biomedical ontologies are notorious for mistakes 
made while their authors recurrently face similar problems.  In this talk, we outline a number of rules of 
thumb designed to guide the every-day practice of ontological engineering. The presentation is 
organized around the issue of explicit commitments -- decisions that have to be made and 
appropriately documented before an ontology is released to the public.  We discuss the need for 
precisely stating i) the intended use of the ontology, ii) its scope, iii) the philosophical perspective 
adopted, iv) the terminological conventions employed, and v) the restrictions on the content following 
from the limitations of the underlying representational formalism. 
 
Ontology driven data integration in Life Sciences 
 
Erick Antezana*1, Mikel Egaña2, Vladimir Mironov1 and Martin Kuiper1 

1 Department of Plant Systems Biology, Flanders Institute for Biotechnology (VIB)/ Ghent University., 
Technologiepark 927, Ghent, Belgium  

2 University of Manchester Computer Science, Oxford Road, M13 9PL, UK 
 

New biological discoveries are being reported at an extremely rapid rate. This new information is found 
in diverse resources that encompass a broad array of journal articles and public databases associated 
with different sub-disciplines within biology and medicine. The integration of biological knowledge and 
information is recognized as a critical knowledge gap in science and as essential for the future of the 
field because dissemination and subsequent deployment of the knowledge by automated applications 
and by researchers who need to access and connect the diverse information is also recognized as 
critical. The integration of data in biomedicine is not a trivial task. On one hand, on-line bioinformatics 
databases are especially difficult to integrate because they are complex, highly heterogeneous, 
dispersed and incessantly evolving. On the other hand, on-line biological data are often described only 
in human-readable formats (most commonly free text) that are difficult for computers to analyze, due to 
the lack of standardized structures. An ontology (sensu computer science) is a computer-processable 
method for encoding knowledge which specifies and defines not only the concepts in a given field but 
also the relationships among those concepts. Ontologies provide insight into the nature of information 
produced by that field and are an essential ingredient in any attempt to arrive at a shared 
understanding of the subject domain. Thus, the development of ontologies for biological information 
and the sharing of those ontologies within the bio-informatics community are pivotal for life scientists, 
as they heavily rely on on-line data. In our presentation we will demonstrate the use of the ontology 
driven approach to data integration in one particular knowledge domain of high scientific interest and 
social-economic importance . The domain of discourse covers the knowledge over cell (division) cycle 
– the process underlying cell proliferation in eukaryotic organisms. The resulting ontology, Cell Cycle 
Ontology www.cellcycleontology.org/, integrated data from various sources for four selected 
organisms.  
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Applications of Plant Ontologies for Describing and Comparing Phenotypes and Gene Expression in 
Angiosperms 
 
Katica Ilic & Chih-Wei Tung 
Plant Ontology Consortium 
 
The Plant Ontology Consortium (POC) is a collaborative effort of several plant databases and experts 
in plant systematics, botany and genomics, sharing a goal of developing controlled vocabularies that 
accurately reflect morphology, anatomy, growth and developmental stages of a flowering plant. Plant 
Ontology (PO) has two aspects: 1) Plant Structure Ontology, with terms describing organs, organ 
systems, tissues, and cell types; and 2) Plant Growth and Developmental Stage Ontology, with terms 
describing spatial-temporal growth stages of a whole plant and developmental stages of organs and 
organ systems. After integration of existing ontologies for Arabidopsis, maize and rice, the PO was 
expanded to encompass Fabaceae, Solanaceae and other cereal crops. Consistent use of these 
ontologies potentially reduces the problem of heterogeneity of terminology used to describe 
comparable object types in plant databases - an obvious obstacle for conducting queries for multiple 
species across plant genomic databases. As a part of ongoing functional annotation efforts, 
participating databases, such as TAIR, NASC, Gramene, MaizeGDB and SOL Genomics Network, 
have been using PO to describe expression patterns of genes and phenotypes of mutants and natural 
variants. Over 10,000 gene annotations and phenotype descriptions from several species-specific 
databases can now be queried and retrieved using the Plant Ontology browser. A short summary of 
the organizing principles and rules followed in developing PO will be presented. Standards and 
methods for using PO to annotate gene expression patterns and to describe phenotypes of mutants 
and natural variants will be addressed with examples from member databases, demonstrating how the 
PO supports searching and retrieval of genetic and genomic information as well as mutant stocks and 
germplasm data. Active maintenance and further development of the PO will be outlined. Ontologies 
are work in progress - we envision the PO as a continuously expanding ontology that will gradually 
encompass many angiosperms and become a robust resource available for plant genomic databases 
as well as bench scientists. 
 
Leaf growth phenotyping : which data for which objectives, in which context ? 
 
Christine Granier,  
INRA-SUPAGRO, LEPSE Montpellier-FRANCE 
 
Two automated phenotyping platforms were developed in our group for capturing data describing leaf 
growth in hundreds of genotypes grown in rigorously reproducible environmental conditions. The first 
one, PHENODYN, is dedicated to monocotyledonous plants such as maize and rice, the other, 
PHENOPSIS, is dedicated to Arabidopsis thaliana. Both platforms allow capturing with different time 
resolution: leaf growth stages, leaf size, underlying dynamic leaf growth variables, underlying cellular 
leaf growth variables and set of micro-meteorological data. The sets of leaf growth variables recorded 
in both platforms allowed to identify leaf growth phenotypes altered by environmental conditions and/or 
genetic modifications. Response curves between leaf growth variables and environmental conditions 
were built and they were used to model the genotype x environment interaction. This approach allows 
characterising each genotype by a set of parameters which predict its leaf growth in a range of 
environmental conditions. Results presented here set in evidence that there is a challenge in the future 
to combine the development of Plant Ontology with biological and modelling approaches of the 
genotype x environment interaction. 
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3.2 Session II: Data Standards and Best Practice 
 
MIAME and other functional genomics standards - The State of the Art 
 
Helen Parkinson 
Head of Production, ArrayExpress Database. Microarray Informatics Team, European Bioinformatics 
Institute, Hinxton. UK. 
 
The gene expression standard MIAME has been available and supported by public databases 
(including ArrayExpress) and funding bodies now since 2001. In this period numerous other standards 
have been published with varying degrees of adoption. This talk will provide an overview of the MIAME 
standard development process, provide a retrospective look at the MIAME strengths and weaknesses 
and examine the need for allied data exchange formats and ontology development to support 
standards. The future of MIAME will also be discussed. 
 
 
SBML - Systems Biology Markup Language 
 
Sarah Keating 
University of Hertfordshire 
 
SBML is a computer-readable format for representing models of biochemical reaction networks and 
has become the de-facto standard format in this field. This allows development of software tools to 
focus on their functionality rather than the model format and to date there are over 100 known software 
tools that support SBML, providing users with a wide range of functionality and the facility to exchange 
models between both tools and researchers. The most recent definition of SBML (Level 2 Version 3) 
incorporates support for SBO (the Systems Biology Ontology) and an RDF-based annotation scheme 
that facilitates compliance with MIRIAM (the Minimal Information Requested In the Annotation of 
biochemical Models). 
SBML development is driven by an international community of modellers and developers. 
 
Implementation of Best Practices in Large Scale EU Projects  
 
Martin Kuiper 
Computational Biology, VIB Department of Plant Systems Biology 
Coordinator of DIAMONDS, Coordinator of EMERALD. 
 
The objectives of the EU Coordination Action EMERALD (http://www.microarray-quality.org/ include 
the development and implementation of quality metrics (QM, done by EBI) to assess the quality of a 
microarray experiment. Such QM will provide the means for assessing the quality of new data, but also 
the means to filter out bad data when re-analysing repositories. In addition, EBI will also develop a 
Normalization and Transformation ontology to be added to MGED. EMERALD will link with ongoing 
efforts on standard development, most importantly MAQC (MicroArray Quality Control project) and 
ERCC (External RNA Control Consortium). The results will be communicated to the microarray user 
community at a series of workshops.  MIBBI (Minimum Information for Biological and Biomedical 
Investigations, http://mibbi.sourceforge.net/) is an initiative to develop a repository for checklists that 
describe the necessary information for a variety of technologies. Such a repository should help to 
channel community efforts to build, refine and use such checklists to ensure that biological data will be 
amply complemented with experimental metadata.  
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Literature Semantic Search and Encoding  
 
Steven Vercruysse  
VIB Department of Plant Systems Biology  
 
Biological information is accumulating to enormous proportions, and keeping an overview is becoming 
a substantial problem. Based on new high-throughput experiments and a high interest in 
biotechnology, the information in this field is growing at an alarming rate. Although some information 
can flow to existing databases, most of the knowledge is still reported in publications, as unstructured 
text. Automated ext-mining techniques try to understand this biological prose, but unfortunately, the 
intricacies of natural language are still a major obstacle to let them comprehend most of the relations 
between biological entities. Currently only human intelligence can reliably understand biological 
essays. As an alternative, we studied the requirements for a community effort in biology, where many 
biologists can read articles of their choice, and translate the information into a computer-readable 
standard format. We believe that a joint effort in a Wikipedia-like 'Web 2.0' style, is the only possible 
way to oversee and to meaningfully conserve the information that we have built together as a gigantic 
literature corpus. Key aspects to enable this community organisation are: 1) a controlled language that 
can capture very heterogeneous information coming from various biological disciplines; 2) a general 
appreciation of the necessity of computerized information management; and 3) a substantial reward for 
an achieved effort, such the automatic integration of your own and of colleagues' gathered information, 
into an intuitively browsable, powerful graphical overview. 
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3.3 Session III: Web Services for Biological Data  
 
Data Integration 
 
Beatrice Schildknecht 
Nottingham Arabidopsis Stock Centre 
 
The World Wide Web has brought a whole new world of databases and tools within easy reach of 
scientists. With this wealth of information, however, scientists and bioinformaticians can quickly 
become overwhelmed with the volume, diversity and complexity of data. Many bioinformatics 
resources are available to scientists through web interfaces, which require no programming 
knowledge. In this post-genomic era, however, web interfaces are limiting in many ways, such as when 
performing complex or very large analyses. An increasing number of resources are now becoming 
available as ‘Webservices’, which provide a  programmatic interface for web-based services and are 
gradually being used more and more in biology and bioinformatics to automate the execution of 
services, circumventing many of these limitations. These Webservices can be chained together to 
create complex ‘Workflows’. Taverna is a sophisticated, but easy to use application, developed for 
biologists to organize, automate and visualize these workflows. 

 9 



 

3.4 Session IV: Biological Pathways 
 
Quality control of Microarray Data and Pathways in Genevestigator 
 
Philip Zimmermann 
ETH Zurich 
 
Genevestigator is a web-based analysis tool to study gene expression in a variety of biological 
contexts. The establishment of its microarray database required developments in quality control (QC), 
ontology annotation, and pathway curation. This presentation wil show which QC measures were 
applied to ensure data comparability, how ontologies were built based on community standards, and 
challenges faced during pathway and network building. Several of the methodologies developed and 
used while creating this large database can be applied to small-scale microarray projects within single 
laboratories in order to improve data analysis capacity. 
 
Integration of Various Multiparallel Data Sources Using the MapMan Software Family 
 
Usadel B1, Gibon Y1, Nagel A2,  Blaesing OE1,3, Piques MC1, Thimm O1,3, Hannemann J1, Weicht D1, 
Meyer S2, Stitt M1. 
1Max-Planck Institute of Molecular Plant Physiology, Am Mühlenberg 1, D-14476 Golm 
2RZPD Deutsches Ressourcenzentrum für Genomforschung GmbH, Heubnerweg 6, D-14059 Berlin 
3Present Address: Metanomics, Tegeler Weg 33, 10589 Berlin 
 
The MapMan data visualization software has been developed for the visualization of large datasets, 
such as transcript, metabolite and/or protein profiling experiments. The software displays data in the 
context of pre-existing biological knowledge such as biological pathways, regulative processes or 
biological overviews (currently 70 pathways are preloaded). These pathways use an easily 
understandable, human-readable ontology which can be applied to any plant species. Thus, it is 
possible to get an idea of the biology behind one’s experiments by simply loading the experiment into 
MapMan and displaying it. The different entities like metabolites, transcripts and enzymes are 
represented by different glyphs and summary statistics are employed to point the user to the most 
affected pathway or super-pathway. However, due to the current development to use multiple condition 
experiments or time courses we introduced a new software, PageMan, which condenses experiments 
based on ontology based statistics. The resulting summary is then displayed graphically and can be 
adapted interactively before final export. These tools were employed to investigate into the changes of 
the metabolism, during diurnal cycles and after transfer into darkness of Arabidopsis plants, where 
metabolites, enzymes and transcripts were measured. Many metabolite-transcript correlations could 
be identified, and for several these could be explained by investigating into the respective pathway. 
Moreover, it could be shown that complex experiments can be visualized efficiently using PageMan. 
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Reactome - a Knowledgebase of Biological Pathways 
 
Esther Schmidt 
European Bioinformatics Institute 
 
Reactome (www.reactome.org) is a manually curated pathway knowledgebase that describes 
biological processes in a computationally accessible format. Data is provided and peer reviewed by 
experts in the field. The Reactome data model can accommodate a wide variety of biological 
pathways, ranging from carbohydrate metabolism to signal transduction and the cell cycle. Pathways 
serve to group reactions, and reactions form a network of biological interactions through entities that 
are consumed and produced, or act as catalysts. Annotation in Reactome also keeps track of 
modifications, e.g. phosphorylations, and cellular location. Cross-references are supplied to a wide 
selection of publicly available databases (like UniProt, Ensembl, GO, PubMed) in order to facilitate 
overall integration of biological data as well as to provide multiple entry points into the database. While 
the main focus of manual curation is on human data, electronic inference to 22 other species, based 
on orthology data, is performed at each data release. The Skypainter allows visualization of user-
supplied data, overlaid onto the Reactome reaction framework, as well as a statistical analysis to 
assess overrepresentation of entities in Reactome pathways. Reactome data are freely available and 
can be downloaded in a number of formats (e.g. SBML). 
 
The Arabidopsis Reactome : status and applications 
 
Sean Walsh 
John Innes Centre 
 
Knowledge of biological networks is widely distributed in the literature, specialised databases and 
within the domain of specialist research groups. Having this knowledge in computationally amenable 
data structures would allow better analysis of functional genomics experiments and provide ready 
reference to what is known. Furthermore, this knowledge provides the framework for Systems Biology 
applications. Recognizing that the software and data model from the Reactome team could be usefully 
applied to the plant reference system Arabidopsis thaliana, we have embarked on the constriction of 
the Arabidopsis Reactome. The current status and potential applications will be discussed. 
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4. Training Sessions 
 

4.1 Recording leaf phenotypes: practical session  
 
Coordinated by: Daisy Belfield (NASC) 
 
This session focused on recording leaf phenotypes using a controlled vocabulary by the choice of an 
entity (noun) in Plant Structure Ontology and a quality (description) from PATO. The participants were 
asked to complete a score sheet after careful observation of a selected set of pictures of Arabidopsis 
rosette leaves. 
 

4.2 Web-services demo session  
 
Coordinated by: Beatrice Schildknecht (NASC) 
 
This session provided a detailed guide and practical demonstrations of how biologists can use 
Taverna software to build workflows based on web services. This tutorial was structured in five parts: 
software installation; creation of a simple workflow; scavenge NASC SOAPlab web services; invoke a 
single SOAPlab web service; invoke a BioMoby workflow. 
 

4.3 Using ontologies and ontology editing tools: introduction and hands-
on session on the applicability to capturing plant phenotypes  

 
Coordinated by: Katica Ilic (Plant Ontology) and Jane Lomax (EBI)  
 
This session was divided in two parts, each including a hands-on time slot. The first part was designed 
to introduce relevant ontologies (GO, PO, PATO) with specific focus on ontology  
editing tools, in particular the OBO-Edit software. A second part focused on specific examples of how 
to use these ontologies to specify plant phenotypes using controlled vocabulary syntax. 
 

4.4 Manual literature encoding tool: introduction and hands-on session  

Coordinated by Steven Vercruysse (PSB) 

 
The last session was based on a demo of software being developed by Steven Vercruysse and Martin 
Kuiper at VIB Department of Plant Systems Biology, Ghent University. This software allows the 
annotation of literature findings based on a new parsable syntax, and the visualization of the annotator 
statements. Complementing two other training sessions, the focus of this demo was to highlight the 
potential application of this software to encode ontology-based, entity-quality statement annotation 
types for leaf phenotypes. 
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5. Participants’ List 
 
NAME INSTITUTION CONTACT 
   
Antezana, Erick PSB-VIB-UGent erant@psb.ugent.be 
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Belfield, Daisy NASC daisy@arabidopsis.info 
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Zimmermann, Philip ETHZ phz@ethz.ch 
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6. Relevant websites  
 
BIO - ONTOLOGIES 
 
Barry Smith’s webpage 
http://ontology.buffalo.edu/smith/ 
 
Institute for Formal Ontology and Medical Information Science – IFOMIS 
http://www.ifromis.uni-saarland.de/
 
Open Biomedical Ontology project 
http://obofoundry.org/  
 
Gene Ontology 
http://www.geneontology.org/  
 
Plant Ontology Consortium 
http://www.plantontology.org/  
 
Sequence Ontology 
http://www.sequenceontology.org/  
 
Cell Cycle Ontology 
www.cellcycleontology.org/  
 
Ontology Look-up Service 
http://www.ebi.ac.uk/ontology-lookup/  
 
Web-ontology browser 
http://www.brenda.uni-koeln.de/ontology/  
 
 
STANDARDS 
 
links to Arabidopsis microarray public repositories at TAIR 
http://www.arabidopsis.org/portals/expression/microarray/microarrayDatasetsV2.jsp  
 
Microarray Gene Expression Data Society 
http://www.mged.org/
 
Web portal of EMERALD, an EU project on Standards and Standardization of Microarray Technology 
and Data Analysis 
http://www.microarray-quality.org/
 
Minimum Information for Biological and Biomedical Investigations 
http://mibbi.sourceforge.net/
 
MIAME: Minimum Information About a Microarray Experiment 
http://www.mged.org/Workgroups/MIAME/miame.html
 
MIAPE: Minimum Information About a Proteomics Experiment 
http://www.psidev.info/index.php?q=node/91
 
Systems Biology Markup Language portal 
http://sbml.org/index.psp
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BIOLOGICAL PATHWAYS 
 
Genevestigator software for microarray experiments mining: requires subscription 
https://www.genevestigator.ethz.ch/
 
MapMan software for the mapping of gene expression onto biological pathways 
http://gabi.rzpd.de/projects/MapMan/
 
software for quick overview of multi-parallel experiments 
http://mapman.mpimp-golm.mpg.de/pageman/
 
Curated database of biological processes 
http://www.reactome.org/
 
Arabidopsis reactome 
http://arabidopsisreactome.org/  
 
Kyoto Encyclopedia of Genes and Genomes – pathway database 
http://www.genome.jp/kegg/pathway.html
 
Arabidopsis pathways and metabolic maps database at TAIR 
http://www.arabidopsis.org/biocyc/index.jsp
 
 
SOFTWARE 
 
OBO-Edit software for viewing and edit bio-ontologies 
http://oboedit.org/
 
Protégé ontology editor 
http://protege.stanford.edu/
 
COBrA, an ontology browser and editor for anatomy allowing mapping between ontologies 
http://www.xspan.org/cobra/index.html
 
BioMoby system for inter-operability between biological data hosts and analytical services 
http://biomoby.open-bio.org/index.php/what-is-moby/
 
Taverna software to create workflows and facilitate data integration in biological sciences 
http://taverna.sourceforge.net/
 
Phenote software toolkit for the annotation of phenotypes 
http://www.phenote.org/
 
AGRON-OMICS 
 
AGRON-OMICS project portal 
http://www.agron-omics.eu/
 
AGRON-OMICS molecular scaffold: access reserved to AGRON-OMICS partners 
http://arabidopsis.info/agronomics/home.html
 
AGRON-OMICS Wiki pages: registration required 
http://arabidopsis.info/agronomicswiki/index.php/Main_Page
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https://www.genevestigator.ethz.ch/
http://gabi.rzpd.de/projects/MapMan/
http://mapman.mpimp-golm.mpg.de/pageman/
http://www.reactome.org/
http://arabidopsisreactome.org/
http://www.genome.jp/kegg/pathway.html
http://www.arabidopsis.org/biocyc/index.jsp
http://oboedit.org/
http://protege.stanford.edu/
http://www.xspan.org/cobra/index.html
http://biomoby.open-bio.org/index.php/what-is-moby/
http://taverna.sourceforge.net/
http://www.phenote.org/
http://www.agron-omics.eu/
http://arabidopsis.info/agronomics/home.html
http://arabidopsis.info/agronomicswiki/index.php/Main_Page
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