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BACKGROUND AND SCOPE

Genetic mapping and marker development and use in a traditional sense have been employed for decades in forest tree research. This has been true for many Populus species as well. Markers in the form of allozymes, randomly amplified polymorphic DNA (RAPD), restriction length polymorphisms (RFLP), amplified fragment length polymorphisms (AFLP), simple sequence repeats (SSR), and sequence tag sites (STS) have been used in genetic fingerprinting exercises, linkage studies, quantitative trait loci (QTL) experiments, studies of marker variation and introgression in natural populations, and consensus mapping across pedigrees. Following the completion of genomic sequencing, mapping and markers will play a role in assembling the draft sequence into a final assortment of 19 chromosomes, in creating a consensus map across Populus species, in marker-assisted selection, and in conducting association studies between anonymous markers and adaptive genotypes.
A community-wide, post-genomic mapping and marker development effort will allow progress towards an understanding of the Populus genome structure. It will provide the development of genomic tools needed to identify genes and their position along the chromosomes. Availability of reference maps and marker sets will contribute directly to elucidate gene function via comparative mapping and QTL detection. Development of new markers, in the form of single nucleotide polymorphisms (SNP) for example, will provide a suitable forum for the assessment of genetic variation in natural Populus populations. A key strength of Populus as a model organism for genomic research is its occurrence across broad environmental gradients in locally adapted native populations. In additional, comparative mapping between several species may shed light on species differentiation and genome organization variation. A set of reference markers could also be used to clarify the evolutionary history of the genus Populus and its closest relatives.

CURRENT STATE OF THE FIELD

Physical resources

There are numerous and various laboratories worldwide that have current capabilities in marker development, mapping algorithms, and fingerprinting. These capabilities include high-throughput sequencing and fingerprinting capacity, colony picker for manipulation of BAC libraries, robotic pipeting and solution handling, software and hardware required for referencing and analysing the resulting data, and extensive pedigrees. These resources create a high-throughput
 platform for genotyping, mapping, detection and isolation of genes of interest. 
Financial resources

Most of the progress in marker development and mapping in Populus has come through individual investigators receiving stand-alone funding for single foci experiments. The trend in funding over the past five years however has been towards larger, more integrated national or multi-national projects involving several laboratories. As successful as these efforts have been, the worldwide Populus community is comparatively under funded relative to other plant genomics communities. Creating a shared mapping and marker resource for the entire Populus community will require greater integration and investment in these activities than has been historically available. 

Financial resources and support of post-genomics mapping and marker approaches currently limits their application and use in Populus. Limited financial resources impacts future research efforts by restricting the number of scientist, technicians, and students working in the field and by restricting the scope of on-going experiments. These two resources represent the principal limitation to post-genomic development of consensus maps among species, transfer of genomics information among species, association studies for the discovery of adaptive traits, and ultimately the identification, elucidation and isolation of novel genes and gene regulation via de novo mapping and marker development. 






SCIENTIFIC OBJECTIVES
The scientific objectives being put forth here will collectively lead the Populus community to develop a shared capacity and resource development related with the following areas: 
1. Genetic mapping,
2. Physical mapping
3. Development of new markers.

Genetic mapping

Over a half a dozen genetic maps, based on an assortment of marker types, are already available for several pedigrees and species, including P. trichocarpa, P. deltoides, P. nigra, and P. alba. These genetic maps have been generated for diverse purposes (e.g., genome organization, QTL detection). To date, a common reference map and a select set of common molecular markers and common chromosome nomenclature have not been created. A reference map and marker set would allow the integration of all current and future genetic maps and would accelerate the process of gene identification and isolation. 

Short-term goals:

· Develop a reference set of microsatellite and ESTP markers for comparative genetic mapping between all members of the Populus genus.
· Establish a framework genetic map using a reference segregating pedigree and microsatellite markers that saturates the complete genome.

· Establish a database in connection with the Informatics, Annotation & Database Development panel.
Mid-term goals:

· Create a consensus map in all relevant species.

· Develop fine-scale genetic maps based on microsatellite and AFLP markers for the localization of genes uniquely related to woody, perennial plant growth and development (e.g., disease resistance, tolerance to abiotic stress, wood formation, etc.).

· Develop genetic maps including genes in conjunction with EST and physical mapping research to identify and isolate regulatory elements responsible for important traits.
Physical mapping

Bacterial artificial chromosome (BAC) libraries could provide a reservoir of genetic information on the Populus genome. Several BAC libraries have been produced in Populus, including one for P. trichocarpa, one for P. deltoides x P. nigra and P. tremuloides.  Such libraries can be used as a sequencing substrate and/or to develop a physical map for the Populus genome that could be used for locating genes of known function. BAC-end sequence can be used to anchor draft sequence to physical genome structure. New markers from BAC sequence would be used to unite the genetic map and physical map in Populus. BAC sequence and expressed sequence tags (EST) analyses could also provide data for gene-specific primer designation. 

Short- term goals:

· Sequence BAC ends for libraries for the major species from 5 of 6 the Populus sections (Aigeros, Leucoides, Populus, Tacamahaca, and Turanga).

· Initiate a physical map based on a combination of BAC fingerprinting, BAC ends and EST analysis.
Mid-term goals:

· Integrate the physical map and the genetic map obtained for the consensus map of P. trichocarpa using SSRs and EST-P.
· Develop cytogenetic maps that assign BAC contigs onto Populus chromosomes by FISH or other physical mapping approaches.
· Develop a model for the organization and evolution of Populus chromosomes that incorporates information from each of the above approaches
Long-term goals:

· Use the Populus genomic sequence to conduct homologous, heterologous and anonymous queries for comparative studies with Arabidopsis and rice databases.
· Identify sequence homology of genomic regions with Arabidopsis and rice for the identification of polymorphic and Populus-specific regulatory sequences.
Development of new markers

Direct selection for desired genes will be more efficient than selection based on phenotypes when environmental effects are important. Furthermore, evaluation of genetic diversity will be more effective with molecular markers corresponding to the gene responsible for adaptive traits. Thus, identifying polymorphism within genes controlling growth, adaptation and development is very important. To achieve this objective a validation of the gene influence on the trait can be tested by linkage disequilibrium studies. Alternatively, EST sequence and analyses can provide data for gene-specific primer designation and the development of SNPs. These approaches will provide databases that facilitate high resolution of QTL, marker-assisted selection and genetic improvement. Additionally, anonymous SNP markers can be used to characterize differences in natural populations along environmental gradients in an effort to identify markers associated within adaptive traits. 
 Short-term goals:

· Identify candidate genes for tree-specific growth, development and adaptive traits in collaboration with research efforts in genetic physical mapping and functional genomics.

· Design of new primers that amplify genes responsible for tree-specific growth, development and adaptive traits.
· Sequence homologous regions within the Populus genus to identify variant genes and regulatory sequences.

Mid-term goals:
· Develop and design a universal gene-primer set using synteny between Populus, *Arabidopsis and rice databases for comparative studies. 

· Designate a common marker set for germplasm assessment, cultivar identification, genetic relationship studies and diversity studies.
PERSPECTIVES

If implemented, this five-year science plan will lead to an integration of the physical maps and genetic maps in Populus. This plan will also aid in the characterization and isolation of genes responsible for traits of adaptive and agronomic importance in Populus. The development of mapping tools will aid breeders in creating new clones combining various selected traits. Therefore, the benefit of the application of genomics to poplar will contribute to increase the precision of forest management. This plan will facilitate the description of genome organization of Populus relative to other model species. And finally, the knowledge generated from studying the Populus genome will therefore be applicable to related species (willow) and other woody species.

�This probably applies more to Europe where plant trade is highly regulated. I have to do such assays every now and then, and I am often approached by colleagues who do similar checks especially in the 10 countries that will join the European Union in 2004





