INFO-CROP

European Crop and Forestry Bioinformatics Resources

European agriculture, forestry, and the related processing industry for food, feed and wood products face increased international competition while European societies demand ecologically friendly and sustainable production of high-quality, safe, and healthy goods. The expected emergence of a bio-based economy, which has to rely almost entirely on renewable, carbon dioxide-neutral, plant-based raw materials will create new challenges for Europe. To meet these challenges, significant improvements will need to be achieved in traits relating to the sustainability of crop. For example nutrient usage efficiency, pest and disease resistance, quality and processing efficiency. The desired improvements and new characteristics exploiting the genetic potential of a crop have to be introduced by advanced breeding methods or genetic engineering. A more profound understanding of relevant traits and their underlying molecular mechanisms with respect to metabolic pathways, flux of components, regulatory mechanisms, developmental processes, as well as natural and man-made diversity will strongly promote this process.

Genome analysis and post-genomic techniques in combination with genotype and phenotype screening already create some of the required data and will create more data in the future. In contrast to research on animals and humans, crop plants present specific problems in several areas as a result of their often complex polyploid genomes cluttered with highly repetitive DNA, a secondary metabolism with thousands of compounds, a low genetic diversity in breeding lines of many species, and a lower return on investment. These crop specific aspects require an optimized use of the available data and often databases and evaluation tools different from those used in animal or medical research to create the knowledge required for crop improvement. Although several national efforts for the integration of some crop resources exist, most databases are still isolated when seen from a European perspective. In addition, tools do not exist, which would allow the collection and combined analysis of data ranging from molecular markers to phenotypes and their comprehensive evaluation across data types and species.

The primary goal of INFO-CROP is to better link and integrate Bioinformatics resources for the data related to molecular-centered research on crop plants. Most important data types currently envisioned are molecular markers, genetic and physical maps, genomic and cDNA sequences, transcript, protein, and metabolite profiles, enzyme properties, metabolic and regulatory pathways, plant lines, mutant collections, genetic fingerprints, phenotypic data as well as models for cell, tissue, and organ development. Technically, this means the development and integration of crop and forestry databases, coordinated enhancement of existing databases through data standardization and the development of ontologies, which would also improve the quality of data. This again is a prerequisite for the development of advanced systems biological tools and methods that can exploit the different types of data. Such an integrative approach will help biologists in improving pest resistance of crop, improving crop quality, in developing new materials and energy crops in order to promote the competitiveness of the European crop and forestry industries
The scientific concept of Info-Crop is composed into three parts. Section A deals with methodological aspects of systems biology based on the Arabidopsis model, whereas section B focuses on the biological questions to be addressed to biotechnological important crop employing systems biology approaches. The section C will be focused on the development of a prototype of the General European Plant literature information system (PubCropPlant, analogous to PubMed). 

Section A. Tools and concepts developed for Genome-Based Systems Biology of the Info-crop proposal deals with fundamental aspects of systems biology, namely the generation of quantitative data sets, the management and integration of the data produced, and the way the data sets are analysed by mathematical methods.

A1. A Database of Nutrient Utilisation and Stress Response Genes supported by Text mining
A curated database of pathways and genes that are important to sustainability traits in food and energy crops (e.g. nutrient usage and re-mobilisation, biotic and abiotic stress responses) would greatly assist research to understand the control and regulation of these pathways and would underpin efforts to elucidate common mechanisms of action. Reliable high quality information on trait and stress response genes can only be obtained by gene disruption (or equivalent) experiments. Linking such well characterised genes to genomic resources would make a significant contribution to research aimed at improving sustainability and performance of future crops whether by breeding or genetic manipulation. Our experience in the development of the PHI-base database of genes implicated pathogen-host interaction (Winnenberg et al; 2006) and its enthusiastic reception by the scientific community has demonstrated that the scientific literature is a rich source of information about genes that have been but that expert curation is needed to maintain the quality of information. We have shown that text mining techniques can assist curators by extending the range of literature they can realistically survey and reducing the effort needed to filter and prioritise relevant articles.

The project would follow the following plan:

· Identification of groups of experts who would select appropriate data and metadata types

· Adapt the PHI-base schema and interfaces, or construct new ones to support the new information required.

· Recruitment of a network of expert curators across an agreed set of crop species

· Manually create a database of publications that would seed the database and help calibrate text mining methods

· First database release

· Implement curation workflows with text mining support

· Expand database and updates on regular basis

A2. Ontologies for Integrative and Comparative Crop Science Research 

The range of different climatic conditions and soil types to which European agriculture must adapt means that there are a bewildering number of different plant and tree species that are being studied across the Community. The search for new sources of energy from biomass and of genetic diversity to improve the sustainability of European agriculture is thus fragmented into many small research communities based around each plant species. Such fragmentation creates problems for knowledge-sharing and in particular the inevitable variety of terminology among anatomical feature, developmental stages, genes, markers and traits creates particular problems when trying to integrate data from even closely related species. Significant scientific opportunities are thus being lost because comparative and integrative analysis of data sets is not generally possible. 

A European network of scientists working towards a standard ontology of terms related to sustainability research in crop science and forestry would complement other international plant ontology projects, which thus far have largely concentrated plant anatomy and plant development with little emphasis on trait ontologies and other areas that are relevant to agriculture (e.g. pathology).  Furthermore, most of the current effort is (probably) being invested in the USA and is not directed towards the needs of the European agriculture and forestry sectors.

It would be important to focus on a clear area of biology that links to sustainability issues (e.g. nutrient uptake, usage efficiency, energy conversion, primary metabolism, cell wall (biomass) production, abiotic stress response, pathogen resistance etc.) and head for diversity across a representative set of species that will realistically be part of European agriculture and land use. It would also be essential to work with the existing Ontology projects and adopt international standards and not attempt to create a new resource, as this would inevitably reduce the effectiveness and impact of the project. An ontology with this breadth of coverage would be essential to the development of methods the semantic integration and comparative analysis of data from different species.

A3. Knowledge transfer from Arabidopsis bioinformatics resources to crop and forest plant species
Now it is established that coregulatory connections between pairs of genes may be conserved over large phylogenetic distances. It is why, the simple scheme of finding orthologs for plant genes in Arabidopsis and after than their partners in the arabidopsis networks and going back to search of orthologs of partners in these species can enrich the list of potential gene candidates for other plant species networks. Thus, there are functional modules in gene networks common for the all plants where the regulatory relations between orthologs are highly conserved. Also in the course of evolution each species developed the modified and/or specific modules in addition to the common ones, which provides the specific for these species traits. Database on structure, expression and functions of Arabidopsis genes, can be the platform to accumulate the data on common modules in plant gene network and their modifications compatible with known arabidopsis gene networks. In this case the scattered, heterogeneous and autonomous data from different species can be put in the proper cells of the common database and by this way systematized and compared with arabidopsis data as with common standard for all species.
Thus, establishing the plant systems biology approach requires not only transferring the fundamental knowledge and appropriate computer tools from Arabidopsis to crop and forestry plant species but also incorporating the dispersed data on crop and forestry species into the tools developed first for Arabidopsis providing by this way their systematization and analysis. This approach gives a possibility to enhance the level of systematization, information on plant biology in the databases in the framework of the common information model and platform.

Among the topics, which can be annotated in such a way there are the following.

A3.1. Plant developmental processes forming plant architecture, which is widely used as subject for plant breeding. The main feature of these processes is that their genetic programs are mainly conserved across a wide taxonomic range. It may include transition to flowering, seed, embryo, flower and leaf development and other developmental processes. The analysis of plant phenotypes processes poses an even larger challenge. ‘Whole plant’ traits like allocation, shape, and architecture play key roles in many vital traits, including water and nutrient use efficiency, yield, and susceptibility to pathogen attack.
A3.2. Genetically regulated and environment dependent metabolic processes in plant species.
Knowledge of these processes is important for understanding fundamental mechanisms of plant functioning, different biotechnological applications and plant breeding

Common informational platform for Arabidopsis, crop and forestry should lay the grounds for further major undertakings in plant biotechnology and breeding and allows the following:

· to analyze impact of different gene network in the important agronomical trait

· to identify and characterize plant gene network responsible for important agronomical traits 

· to reveal molecular basis of differences in these traits between species or cultivars

· to identify genes responsible or may be responsible in future for the changes in these traits through breeding programs and understand the processes that they affect

· to estimate the genetic and molecular basis for variation in these traits within and among species

A4. Modeling and simulation of plant metabolic processes and developmental events.
Experimental data on important gene nets elements and their interactions are most often incomplete, and additional hypotheses are needed to explain the spatial and dynamical behavior of molecular-genetic systems of plant species. Mathematical models can provide powerful methods for describing and testing hypotheses about the biological systems organization and functioning. A wide variety of approaches, ranging from cell automations and Petri nets to systems of ordinary and partial differential equations, have been used to model very specific aspects of molecular-genetic systems involved in control of plant metabolism and morphogenesis. Systems biology approach via modeling and computational tools for logic analysis allow studying this complex and dynamic processes using systematized information from databases. This can provide visualized spatially distributed mathematical models describing morphogenesis, metabolic and signaling pathways leading to biotechnologically and agronomically important traits. These models will also allow the checking of some hypotheses about the mechanism of these traits and propose ways of their modifications.

Modeling and simulation of plant developmental events (shoot apical meristem, root, leaf, flower development) and metabolic processes can be done by application of various methods and approaches from different areas of mathematics and the primary data systemized in the mentioned above resources.
Section B. Crops of biotechnological importance selected for Genome-based Systems Biology): Info-Crop Proposal deals with the selected aspects of different biotechnologically important corps.

B1. Crop and forestry proteomics.

B2. Regulation of crop metabolic pathways.

B3. Resistant to pathogens.

B4. Plant development.

B5…(to be continued)

Section C.  Development of a prototype of the common European plant scientific information system (PubCropPlant, analogous to PubMed).

The medical research community has benefited greatly through concerted actions to make areas of the scientific literature available on-line as abstracts and as full text through open-access agreements. Furthermore, there are a number of initiatives to create open access publishing routes (e.g. PLoS) supported by national funding agencies to stimulate the opening-up of scientific publishing. There is a perception that the plant, crop and agricultural and forestry sciences (PCAFS) have been less active in the movement towards open access for their scientific literature. This literature is also characterised (perhaps more than the medical literature?) by having significant bodies of literature published in languages other than English
.

Europe (with the new accession countries) has a rich research legacy in the PCAFS and much of this is inaccessible electronically in the English language. A demonstration project to create an online full-text resource, translated from key European languages in areas related to the issues of energy crops and environmental sustainability would form a focus to engage with the publishing companies. It could be argued, as has for cancer research in the medical community, that a special case can be made for releasing more material in the areas of sustainability research and this can be done without damaging the commercial interests of the publishing companies. An open access online PCAFS literature database would add significant value to the proposal outlined in (1) and other text mining projects. This project is envisaged as a large scale demonstrator for opening up access to other bodies of scientific literature.

The project would be a combination of a central technical project – perhaps implemented by a specialist centre with online publishing expertise, with a network of national project groups that would take the responsibility for negotiating with their country’s publishers and other stake holders, and providing translation resources where these are necessary. The translation resources could be a community activity (rather than commercial one). 

�Is this true? Or is it just the the low impact journals?





